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ADMINISTRATIVE REPORT. 

The report on the work of the Geological Survey here presented 
is  for the yeam 1894 and 1896 to date. The Annual Report for 1894 
aontained the reporta of the several divisions, but the administrative 
report was not included because of the want of time for printing it 
within the limit of the fiscal year. 

The several parti of this report are : 
Surface Geology. 
Archean Geology. L. 

Artesian Wells and Water-Supply. 
Fomtry. 

GEOLOGY OF THE SURFACE. 

The full report made by Professor Salisbury of his division of surface 
geology, and published in the Annual Report of the Survey for 1893, 
gave in detail deecriptions of Lake Paeeaic, notea on the Paliaadea range 
and on the other districts of the northern part of the State and a more 
.general notice of the gravel and sand formations of the surfam in the 
sentral and eouthern pa& of the Btate. I n  the report for laat year, 
more detailed deecriptions of the glacial phenomena of the northern 
.part of the State were published, and in particular, a full amount of 
the character and extent of stratified drift and the extra-morainic 
drift. These annual reports of this division of surface geology have 
.presented a general view of the whole subject of the surface forma- 
.tione, with much in detail of local nature and Oourrencea. The work 
in surveying and studying: these formations has been kept steadily 
going forward under the direction of Profaeeor Salisbury, and the 
published . d t s  of the work have afforded a clear conoeption of the 
progresg and added to our knowledge of theee formations in their mani- 
fold pham of occurrence. The extent of the detail in these studiee and 
the differentiation of the surface formations is shown by the geological 
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msp of aheet No. 6, pabliahed in the report for 1894, md diibated 
mcently. The data for m a p  in detail over the whole of the north- 
ern part of the State have been collected and etndied for me in the 
preparation of the daa of geological m a p  of the enrface formations 
of the State. 
The State has had the advantage of Profeseor Lbrliebury's direstio~ 

and of hia trained reeieturta for the work at a moderate ootlay of ex- 
peneee, their dam having been paid for only daring the field 
muone and when occupied in the work of preparing reporb. ' The 
economic conademtion ha8 been maat important, and .e a reenlt n o  
other survey of d m  formations in the eame degree of detail hre 
been made anywhere elee at eo small coet ae this in New Jereey. 

Daring the field eeaeon just ended G. N. Knapp aaeiated P r o f m r  ~ 
Isalibury, and waa engaged in the study of the formations in the 
southwestern part of the State, in Barlington, Camden, Glouceeter 
and Salem countiee, and ltp-gely in the greensand marl belt. The 
short time since the end of the field work hse made it neoesaary for 
Profeaaor 8aliebury to preeent a short report on the work of the 
eesson. He has, however, given a dear and suacinct dtwription of 
the characters of the Beacon Hill, Pensauken and Jamesbnrg forma- 
tion~, enabling the careful reader or student to reapice their char- 
aoteriatic features and identify the formations. The sub-division of 
the "yellow gravel" of the older reports is a remarkable geologic 
work, and givea to New Jereey the typical localities which shall 
make it clamic in geologio ecience. The several formations are repre- 
sentative of conditions of submergence, between whioh there w e e  
changes of level and uplifte. They afford a graphic picture, ae i t  
were, of the later geologic time. The origin of thew various gravels 
and aande, which former!y appeared to be so complex, is now clear 
in the light of these studies and this differentiation into well-marked 
subdivisions. 

The careful study of the surface formatione haa contributed indi- ~ 
rectly to our knowledge of the greensand marl beds which also crop 
out on the surfaoe. I t  hae been found necessary to examine them I 
aa well as the later formations, and to determine their areae and their 
relation to the surface aa well ae to one another. The revision of the 
geology of these lower beds hae shown that the clay marl series i s  
not a unit, but consiats of well-defined members; that the red sand 
bed thins out s t  the eouthweet, and that the lime sand of the middle 
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marl bed is much thioker there than at the northeastern end of the 
marl belt. The mapping of the surface formation will reault in some 
c a d i d  corntione in the geological map of the marl beds of the State. 

Professor Saliebu ry haa made a general reoonnaissance of the southern 
.and southeastern parts of the S t a b o r  of the country eoutheaet of 
the greensand marl belt, and haa given the results of thie survey. 
The  identification of the Beacon Hill formation aa being of Miocene 
age, and the extent of this formation in the southern part of the State, 
may be noted as one of the important resulte of the year'e work. 
After thia reconnaissance survey, Professor Balisbury joined the Peary 
Relief Expedition of 1895 and went to Greenland to study glacial 
phenomena on the west coast of that island and on the eaetern Amer- 
ican coast. This trip was euggeeted for the opportunities of seeing a 
great continental glacier or ice cap at work and the results of ih move- 
ment over rocks and in the transport of material, and of noting all 
the of existing' glaciers which might help explain the 
work of the ice in glacial times over the northern part of our State. 
There has not been time,to collate the obeervations and utilize the 
generalized facts in explanation of the various features and characters 
.of the surface formations of Northern New Jersey, but they are to be 
eased in the preparation of the full reports on the geology of the sur- 
face. The reference of the facts of glacial formations here to anala- 
gous phenomena in Greenland, with its great glaciers, will give a degree 
of vividness and sesurance of oorrect generalization to the history of 
our glacial age, compensatiog amply for the time devoted to the trip. 

The field work on the surface formations ie done over all the State, 
except the southeastern or coastal belt and a small part of Salem and 
Cumberland counties. Thns far one map only has been published, 
that of atlaa sheet 6, in the Annual Report for 1894. Several other 
sheets are ready for publication. And the material is in hand for 
the preparation of m a p  of nearly all the northern part of the State 
and much of the greensand marl belt. I t  is perhaps nnfortunate 
.that the mape have not been published aa ready, but on the other 
hand the delay has given time for a more careful consideration of the 
several sohemes of atlas sheets and of the best methods of r e p m t a -  
tion of the varions wrface features and formatione. A more thorough 
study has shown the necessity of a new plan or atlas eoheme, differ- 
ing from that of the topographic in the larger number of eheets and their 
emaller size and their junction without overlap. The publication of 
these mape of the surface as pa* of the complete or final report on 
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the geology of the snrface is now decided on ae neoeseary, and se 
faat as they can be prepared and pnbliehed, consistent with economy. 
The preparation of this monograph mnet necesesrily require a long 
time and mnst await the completion of the field work. The mape 
may, however, be itxued eeparately 'in sheeta or nnmbera of a eeriee 
and precede the text which they shall illnetrate in great part. Atlaa 
sheet 6, as pnbliahed, will therefore be an advance map of a part of 
the surface, but it will not be one of the new aeries, although the 
geology aa there mapped may appear later in a different form. I t  is 
hoped that one volume on the geology of the snrface can be pnbliahed 
mmetime in 1896 and several of the map. 

The economic aspeots of the study or survey of these formatione of 
the surface have been given in previous annual reports. Partionlar 
attention ie directed to the lists of localities of gravels for road-making 
in the southek conntiea and their wide dietribntion. The amount of 
road materiala and its acce88ibility are worthy of careful consideration 
on the part of all who are interested in these waye of inter-commu- 
nicstion. 

The m a p  of the snrface alm may serve to show the ontcrope of the 
marl beds and the localities where they may be oonveniently reached. 

The relations of thwe various surface formations to the agricnltural 
development of the State and to its forest reeervations are important 
subjects for mature study after they shall have been viewed in their 
varying phaees and conditions. 

These mape of tbe enrfaoe will make the baeis for correct agri- . 
cnltural maps, inasmuch aa they indicate the origin of the varioue 
formations that constitute the surface mils and their relations one to 
another. The genetic origin of the mils are shown by them. A 
series of agrioultural m a p  may follow the geological wries whenever 
it shall be wanted. Sheet No. 6, published in the report for 1894, 
may be considered as an agricultural map in ita exhibition of the 
areas of classes of soilp, m, for example, the red shale and sandstone, 
the trap-rooks, the gneissio or crystalline schists and their residual 
earths, the gravels, eands and aandy earths of the later formatione 
,and the alluvial depoaite of the wet meadows may all be. conaidered ae 
great d r ses  of soil divieione. The areae of these formations or  
olaases are ehown by colors and patterns on the map. I t  is, therefore, 
not a purely scientific and geological map, but is, in f ' ,  a g r i c u l t d  

. in the last analysis of ita diviaionq and deserving of patient etndy 
and close examination. 
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CBETACEOUB AND TEBTIABY FORMATION8 IN THE BOUTHEBN P A T  

OF THE 8TATE. 

The work of the United Statea Geological Survey in these foma- 
tione haa been in charge of Profeseor William B. Clark, of Johns 
Hopkine Univemity. He has been misted by Robert M. Bagg. The 
State Survey co-operated with the National Survey in 1894, con- 
tributing $300 toward the support. The allotment from the United 
S t a b  Survey for the year ending June 30th, 1895, waa $750. No 
help haa been given to this work in 1895. Profeeeor Clark reports 
that the survey of the geological boundaria hse been completfd over 
the territory covered by the Caeeville sheet of the United States 
Survey--or over an area of 235 Equare miles. The work on the next 
sheet to the west, the Bordentown, has been reviaed in accordance with 
the dimveries made in the survey of the, surface formations. Them 
formations of the surface cover and conceal the green~and beds and 
make it difficult to map the aretre of the several formations of the 
greensand marl series. Some attention haa been given to the correla- 
tion of the Tertiary formations of New Jersey with thoee of Maryland 
and Virginia; in particular, the Miocene with the Chesapeake, aa 
developed in the South. Profeeeor Clark haa made um of the reeulte of 
the detailed surveys of the surface formations by Profeseor Salisbury and 
haa identified the Beacon Hill gravel and eand aa Miocene. The resulte 
of the surveys under Profeeeor Clark will be publishtd by the United 
Stata Geological Survey in the form of geological maps, and will 
then be available aa parts of the geological map of the State. 

The co-operation of the United States Survey in the Highlands 
and in the greeneand marl belt is giving important help in the deter- 
mination of the geologio structure of the State and the relation of 
the local geology to the general geology of the country. The carefal 
survey of the earface formations is not only showing their extent and 
relations, but is also giving valuable data about the older formations 
and their geography. The geological map of t h e  older formations, or 
the underlying rocks, is being modified and corrected by the detailed 
survey of the su r fm at the eame time that theee surfaoe formations 
are being thus carefally mapped. 

BED BANDBTONE FOBMATIOR. 

The survey of the red sandstone (Triassic) belt of the State hse 
been begun by Mr. Henry B. Kiimmel, who waa appointed geologist 
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on the etaff of the Burvey at the last meeting of the Board of Man- 
agers. Mr. Kiimmel went into the field in 8eptember. He hm 
traversed eeveral aeotion lines a m  the belt, and hse given eome 
time to the examination of the rocks of the northwcest border, where 
it abate against the Highlands, from the Delaware river near Milford 
to the New York line at Suffirns. On thkt border he hae found 
eeveral ohangea neoeeeary in the geologioal map to a correct repre- 
sentation of the limits of the orystalline d ie t s ,  the oalcareous and 
silioeous conglomerates, and the shalee and sandstones. 

Faulte have been disoovered and evidences of e x h i v e  faulting 
have been obtained, which eeem to explain the occurrence of certain 
W of ehalea and eandstonee and their relations to the topopphy 
of the country. The alteration of the shalea near the contacts with 
the trap-rocks, and other phaeas of thew rangea of rock, have been 
examined on the section lines crossing the belt, and the general rela- 
tion of the shalee and eandsbnea to the trap have had aome study. 

The red eandstone belt hae on it more than one-half of the popula- 
tion of the State, and it ie the best aleared and farmed division of the 
State. The drainage ie through the Delaware, Raritan and Hacken- 
sack rivers. On account of it8 geographical and political importance 
and its reaourcea in  building-stone and in road-making materiale, and 
its great advantages for residential eitee, it is desirable to have a care- 
ful and detailed geological survey, whieh may enable ue to trace the 
hiitory of the deposition of ite strata and their changee, and discover 
the origin, location and extent of its useful minerals already known 
and of others which may become of industrial importance. 

ARCHEAN GEOLOGY. 

CRYSTALLINE BOCKS OF THE HIGHLANDS. 

Dr. J. E. Wolff, of Harvard University and of the United States 
Geological Survey, has aharge of the geological work on the crystalline 
rocks of the Highlands. I t  kt carried on by the national survey, co- 
operating with the State survey. On account of the small appropriation 
made for hie work, he haa not been able to make the progrese which the 
intereat in the study of these rocka seems to demand. I n  1894 the 
work wae carried on without any help on the part of the State. Dur- 

I 
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ing the present year the allotment haa been sufficient to pay the field 
expensea of an assistant for a part of the eeaaon only, although the 
larger amount will be available for the remainder of the f iml  year of 
the United 8tat.s Geological Survey, ending June 30th, 1896. 

The mapping of the Lake Hopatcong sheet (of the United Stat- Snr- 
vey) or that part of the Highlandsembraced within thelimita of the atlaa 
aheet 3, from the latitude of 41° south to Mendham, and fmm Mor- 
ristown west to Budd's Lake, is done ; the deecriptive text to accom- 
pany it is in course of preparation. This territory of 233 square 
miles is central in the Highlands and its completion marks a most 
important beginning and positive advance in our knowledge of the 
crystalline rooks. Dr. Wolff was assisted in the survey by Mr. A. 
W. Brooks. 

The work on the Franklin sheet, north of the Hopatoong sheet, 
and having the same area and covering the territory between Stock- 
holm on the east and Branchville on the west, has been begun and the 
field work on thirty-five equare milee haa been done. The existc 
ence of a large area of eruptive granite between Stockholm and Frank- 
lin and southwest of Mud pond, ia a notable additlon to our knowl- 
edge of the geology of this part of the Highlands. 

Mr. Lewis G. Weatgate, under the direction of Dr. Wolq has 
prepared a report on the geology of the northern part of Jenny Jump 
Mountain, in Warren county, illustrated by a geological map of the 
area surveyed. The olose relations of the gneisw, crystalline l ime 
stones and other rocks and the metal-bearing beds and veins make 
this district one of particular intereat in relation to the Franklin 
region where Dr. Wolff is at work. Mr. Westgate's conclusion that 
the white limestones of the Jenny Jump range are older than the blue 
limestones of the valley about it is one of the moat important of the 
~esults of his work. The detail of the geological map will be. of 
much value in the practical work of the development of the mineral 
resources of this mountain range. The economic geology has been 
referred to in the annual re-ports of the survey and in the Geology of 
New Jer~ey.* 

* Geology of New Jereey, 1868, pages 400-402,669, 664,680. 
Annual Report State Geologist, 1873, pages 84 87. 
Annual Report State Geologist, 1871, page 34. 
Annual Report State Geologist, 1878, page 101. 
Annual Report State Geologist, 1879, pages 83, 84. 
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h i a n  welle in the southern part of the State have been reported 
on by Lewia Woolman in the Annual Report for 1894, and also in 
this year's report. He hse been engaged in collecting data and speci- 
mens for the Survey since 1889. The geological relations were dis- 
c d  in the report for 1894, and &ions were prepared to ehow the 
oomparative positions of the several well d o n s .  The full record 
of thi? well at Wildwood ia notable, aa well aa the collections of 
epecimene illustrative of that record. The sections running from 4 

northwest to southeast acroee the country ehow the descent of the 
beds in that direction, and are proofs of the acmracy of the dip of the 
lower beds, aa given in the reports of the Survey, and suggeetive aa to 
the dip to the eouthesst of the later and higher bede and their poeition 
at given localities. Important pointa on these eectione are shown and 
the probable depths of well-known water- bearing bede. They are not . simply records of wells, but also guides to eeamhee for deepwater 
sources at other points. The extension of the system of arteaian- 
well eupply in the southern part of the 8tata is limited by the 
number of localities only. There is, however, a limit to the quantity 

I 

of water which can be drawn at any given locality, and already welle 
are known which appear to affect one another and diminiah the flow 
in some. The incream in the number of wells at any point must be 
determined by the volume of water in the beds and the extent to  
whioh it can be drawn upon without causing a rapid drainage from 
the surface and conwquent danger of pollution. The additional. 
horiz~ns or water- bearing beds give an increased supply, aa they may 
all contribute toward the volume obtainable at a given looality. The 
syetem is adapted to smaller towns and in general to localitiee whew 
the demand is not excessively large. For the southern part of the 
State it is justly in favor, becauee of sucoeee of the wells, even where 
there are many streams with equable flow and water of exoellent 
quality on the surface. On account of the value of the artesian well 
as a eource of water-supply, the generalizations given in Mr. Wool- 
man'a report for 1894 have more importanoe than the simple reoorde 
of well-boringe and the attention of all intereeted in the eearch for 
each supply is here directed to that report.* 

*Annual Report State Geologiet for 18M, pages 164,155. 
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The reoords of wella put down on the Delaware river elope and in 
the clay-marls belt reveal important geological facts about the thick- 
nese and position of the beds. The valne of these reaords in order t o  
a correct knowledge of the stratigraphy of the country and to geologie 
science is great, and shows the importance of keeping accurate records, 
and is again emphasized. To the parties who have so generonsly con- 
tributed data the Survey ie deeply indebted. The patient and pains- 
taking labor of Mr. Woolman is shown by the large amount of valu- 
able material which he has brought together in these reporta, and 
from the stndy of which he has drawn conclnsions of great and valu- 
able practical application. 

I n  the report submitted for the current year there are several inter- 
eating new well records which help to verify the general statements 
about water-bearing beds, which were given in the report for last 
year. The well at Gibbsborough show3 the exietence of a water-bear- 
ing stratum in the upper part of the middle marl bed. The borings at 
Bordentown show the thicknees of the plastic clays and their sesoci- 
ated beds upon the crystalline rocks. The Hightstown wells aleo. 
give the depth of these crystalline schiste under the earthy bede. 
These reporta on deep-bored and artesian wells in the southern part of . 
the State are commended to the careful stndy of all who are interested 
in the subject of water-supply in that part of the State. 

The artesian well system has not been general in the northern part 
of the State, excepting in the red sandstone belt, in which there are 
wells at Pateraon, Newark, Elizabeth and Plainfield, and in the val- 
ley of the Raritan river in Hunterdon and Somemet countiee. The 
eandstone strata are more favorable than the shales, and the succeseful 
wells get their supply from the sandatone beds generally. The wide 
extent of aandstone and the occurrence of the more eandy and more 
pervious beds with the shales suggest an extension of the artesian-we14 
system in all the country where these rocks mur .  Some of the fail- 
ures in the ehalee are explained by their limitation within the shaly 
strata and the etoppage before reaching deeper eandatonee. The sur- 
vey of the red eandstone belt is destined to give a more accurate 
knowledge of the relative poeition of these various beds and of the 
water-bearing character of them. 

I n  the Kittatinny valley and in the Highlands there are eo few 
deepbored welle that their eucoees is not demonstrated generally. T h e  
snrveye of the surface formations of this part of the State show that 
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theae overlying earthy beds are not of extent and thicknese ae to favor 
the probability of sneceeeful arteeian or deepbored wells, and the great 
irregularity in them is nnfavorable to the occurrence of water- bearing 
beds of any extent. They afford water to the ordinary dug well of 
the country. 

The slate rocke are known to have a great deal of water in them, 
which ehows iteelf in springs of excellent water and in all qnarrying 
Eor roofing slate or other excavation work. The limestone is not eo 
well supplied with springe, although there are in it eome noteworthy 
.on account of their large volnmes of water. I n  the cryetalliie m k s  
.of the Highlands the many iron mines afford a clue as to the water to 
be found .in them, and the wide variation in quantity is suggestive 
a f  unoertainty so great as to afford little hope for arteaian wells. The 
grcat c a t  of rock-boring and the abundance of excellent water in the 
streams of the Highlands and the less rapid increase of population, 
particularly in the more hilly and mountainous parts of the High- 
iands, have been in the way of the extension of the artesian or deep- 
bored well system. The slate belta of the Kittatinny valley and the 
lesser included Highlands valleys offer promising fields for deep wells 
and artesian water-supply ; the limestone areae are yet to be tested aa 
\to their probable value ae sources of such supply, and the crystalline 
rocks are apparently so uncertain as to the occurrence of water-bearing 
beds that they do not promise success to the artesian well generally. 

Following the report of Mr. Woolman are records of wells in the 
red sandstone and in the clay belt of Middlesex and Union counties, 
put down by W. R. Oaborne and other well-boring firme. 

Reference ie again made to the law whereby the Geological Survey 
L authorized to make surveys and drainage plans for tracts " subject 
to ovedow from freahet~, or which are in a low, marshy, boggy or 
wet condition," whenever application is received from at leaet five 
.owners of separate lob of land in such wet tracts.* I n  accordance 
with the provisions of the drainage laws of the State, the Great 
meadowe of the Pequest river have been drained, and the suoceee of 
the work has been referred to in preceding rep0rta.t Visita to the 

* Annual Report State Geologist for 1888, pages 49 -60. 
t Annual Reports State Geologist for 1884, pages 112-119 ; 1886, pages 213-216 ; 

1889, pages 73,74. 
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Great meadows and compondenoe with some of the land-owners of 
the h o t ,  have shown theneceeeity of additional work in order to 
complete the realamation of theee wet lands. The preaent aondition 
of the main ditch or channel, which wss deepened i d  c l d  of ob- 
strnotione, is not favorable to the permanent improvement. The  
trees along the stream and.on the ditch bank have gmwn eo that the 
branch- hang over and into the water, and interfere with the flow 
and tend to slacken the current, and cam a silting and %narrowing of 
the waterway. The obstruction of the limbs inoream ae. the treer, 
grow and the large limbs fall into or hang down in the water. T h e  
damage ie not yet eo great, but is threntening the effeotiveneee of the 
channel to deliver the m t .  coming into it. The oblique position 
of the piera of the railroad bridge near Danville also tends to prevent 
the rapid and free flow of the atream. The removal of the obstmuc- 
tions and the clearing out which seems to be necessary, is a work of 
considerable care and expense and requirea eome aesociated effort ae 
well se careful and well-directed supervision. The original drainage 
act of 1871 provided for the exigency, and direoted " that if at any 
time after any tract hae been drained under this act, the ditches o r  
other works of drainage shall require alterations or repaim, the 
supreme court, on the applioation i f  any person interested in sucb 
drainage, may appoint. three commiseioners to make aaid repaire, who 
shall qualify and proceed in the eame manner as the original com- 
missionere, and the expense, when footed up, shall be asseseed upon 
the same lands which were aseased for the expense of the original 
drainage." * I n  a supplement to this act, p d  In 1888, i t  was 
enaoted that "when any water.course or river, which hae been im- 
proved nnder the provisions of this act, shall have become obetructed, 
any five ownera of land which have been aeeeseed nnder the provieione 
of said act, and which shall be i~jured by such want of repair or ob- 
struction, may apply by petition to the board of geological survey, 
setting forth a description of the work necessary and desired, with an 
eatimate of the coat to be incurred, whereupon, if the work shall , 
seem to the aaid board to be of suficient importance, they shall in- 
veatigate the application, and in case they shall approve the aame 
shall report to the next term of the supreme court, setting forth what 
repaira are needed and what obstructions require to be removed, with 

* Lawe 1871. 
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a survey and plan of the neoeeesry work and with an estimate of the 
a t  thereof, whioh report ehall be aoneidered by said court on such 
reaeonable notice to the persons intemted, by pnblication in the 
newspapers or otherwise, as eaid aourt ehall d h t ;  if enoh plan shall 
be approved by aaid oourt, the aaid oourt ahall procaed to appoint 
three oommimionare to execute the mme, who shall p r d  to carry 
i t  out and to raise money by the iaening of bonda, if neoeeaary, and 
to amee the ooet upon the lands benefited by the improvement in 
proportion to the benefits received, and they shall prooeed in making 
such improvement and aeseeament and in the raising money therefor, 
in the aame manner as the commiedonera appointed under this act to 
make the original improvement, and ahall ' possess all the powers of 
the oommiaeionem so appointed for the carrying out of eaid plan." * 

From these provisione of the drainage laws it is evident that all 
improvements and repaira are to be made by the appointment of aom- 
miaeionera, who shall make the repairs in aocordance with plane which 
are to be submitted to the Board of Managera of the Gleological8nr- 
vey for their approval, and the m t  of the work ie to be a s e d  upon 
the land-owners. The deairab'iity of some further legislation aon- 
tinuing a aommiegion in power in order to the maintenance of the 

' improvements in any drainage work or the appointment of a repre- 
aentative body of the land-owners to care for and protect the aame 
was referred to in the Annual Report for 1892 and again in 1893.t 
I t  may be added that the large land-owners are in favor of making 
these repairs and maintaining the work, but are not ready to aek for 
a new cornmimion. &me simpler system of oontrol on the part of 
the €aid ownere, enabling them by their aesociated effort to do the 
work, seems to be wanted. 

The full benefits of the improvement of the channel are not yet 
distributed over the whole tract as they ought to be, by a net-work of 
lateral ditch- and intermediate drains. Ditohea are needed along 
the border to catch the waters falling on the adjacent hillsides and 
flowing down these s l o p  to the meadows ; others to carry these watere 
to the main stream are needed in addition to those already opened ; 
others still are wanted to a more ready discharge of the eurface-water 
and for holding, as it were in a reservoir, the ex- of water in 
heavy showers and rain storms instead of its accumulation in broad 

* L a m  1888. 
+Annual Reports, 1892, pages 20,21; 1893, paged 14-16. 

NEW JERSEY GEOLOGICAL SURVEY



T H E  STATE GEOLOGCIIST. xxiii 

ehallow sheete on the surface and flooding the growing crops. The 
Dutch bystem of numeroua open ditohea ia adapted to thia tract. The 
work of opening such minor ditchea should be that of the individual 
land-owner, although the plan for the same ought to be suited to the 
general drainage aaheme. A small part of the tract is as yet improved 
and nnder cultivation ; a large part ia still wet pasture land. Nearly 
the whole of the meadows ie naturally fertile and adapted to oultiva- 
tion, and capable of produoing large orope of potatoea, onions, oorn, 
celery, &c. The profita of farming in some notable cases should be 
a stimulue- to the reclamation of the whole tract. The heeitation on 
the part of the owners of some prta of the tract sems to be due to 
the obetructions in the main stream, and hence the importance of the 
work of clearing it out and keeping it cleared in order to the en- 
couragement of all intemted, to say nothing of the direct benefita 
afforded. The increased value of the land when fully improved, ita 
eaee of cultivation in comparison with the stony and rough hillsides, 
and the capital put in the improvementa already made, are strong 
arguments for the maintenance of the aame and for progreee until 
the Great meadows shall have been fully reclaimed. The rich lands 
of the Quaker settlement, at the head of the meadows, are the naturally 
well-drained part of the old lake basin of the Pequeet valley; the 
reolaimed wet lands, drained by human agency, are the lower part of 
the eame topographic basin, or lake bed, and their drainage by man 
completes the work left unfiniehed by nature at the clme of the 
glacial epoch.* 

The great eanitary advantsgee of the drainage work already done 
are again stated. Malarial epidemics no longer occur in thie valley, 
in fact, are unknown, whereaa formerly they were common through 
the warmer seseons. The general healthfulneee is aa marked now aa 
were the former unhealthyoonditions due to sluggieh streams, pooh of 
standing water and decaying vegetation. The improvement here ia 
suggestive of the benefita of drainage generally. 

Work on the Passsic drainage ha8 been suspended for two years on 
acoount of want of funds for the continuation and completion, which, 
under favoring financial conditions, would have been possible by this 

+Annual Report Sta? Geologist for 1894, pages 34, 91. 
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time. The aale of bonde authorited by law for the payment of the 
expenam of the work has been a f f d  by the general buttinam depree- 
eion and the coneequent want of confidenoe on the part of capital. At  
the legislative =ion of 1894 relief measuree in the may of oolleoting 
the aeaeeementa were mured, but the reeulte were not as great ae wem 
antioipated, although they are important and euggeetive of oonfidenoe 
to capital investing in them bonds. 

The plan of drainage hae been examined by a committee of the 
Board of Managera of the Survey, aeaieted by the conmlting engineer 
and topographer, Mr. Vermeule, and the varione propoeitions relating 
to the line of drainage channels, their mze, capaoity for delivering the 
stream flow, volumes of floode, and the poesible effeoh of them vari- 
oue plane of drainage upon both the wet landa, above Two Bridges, 
and the river channel below Little Falle and through Patanson have 
been d u l l y  coneidered in thia examination, and the aoncloeione 

. embodied in a report to the board made June 26th, 1894. The origi- 
nal plan wss found to be the moat practicable ; effeative for the drain- 
age of the wet lands along the Pasenic above Two Bridgee and below 
Chatham, and not poaaibly capable of producing exoeeeive floode along 
the lower reachee of the river, below Little Falls. The committee $ 
ita report recommended that the style of gates aa propoeed in the 
original plan be put in at Little Falls. 

80 much has been eaid in these annual reporta on the Paesaic drain- 
age that it eeeme almoet unnmaaary to add to what has been pub- 
lished, and particularly the strong arguments for it by the late Bfate 
Geologist, Dr. Cook, to whom the project wm so dear on account of 
hie interest in the valley where he waa born and where the family 
home still remains, and because of the great advantages which were 
to come out of the completed work. Thus far the work is in the 
diredion of a permanent and thorough drainage syetem, whatever 
modificatione may be made in the etyle of gat= or whatever changes 
in the height of the dam, or in the opening of new channels or 
widening and deepening existing waterwajs above the dam. I t  ie 
well done and is effective. .The rocke which obetrncted the flow of the 
stream have been removed and the channel ie adequate to the delivery 

' of the largeat volume of water which ie practicable and consistent 
with conditions of eafety down the stream. The dam ie to be lowered 
by the Beattie Manufacturing Company, of Little Falle, and the 
gat= are to be put in by the company conformably to the require- 
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ments of the agreement between them and the Commieeioners and the 
original plan of drainage. This work ie to be done as soon as the 
Commieeionera are ready for it and have perfeoted their plane for the 
continuation of the channel enlargement above the dam. The need 
of funds etande in the way of progress in the carrying out of the 
whole scheme of improvement. The additional coat of the work in 
order to the relief of the lande overflowed in timee of flood and by a 
more rapid diecharge of the water through an enlarged and deepened 
stream-bed need not be so large ae to make tbe assessments beyond 
the value of the lands improved. That the benefit to them would 
exceed considerably the coat per acre is accepted by thoee acquainted 
with the present oonditions of the tract, the value of farm lande in 
the valley, and the extent of the work which is propoeed to be done. 
The land-ownere cannot take the bonds and furnish the money, hence 
the Commieeionem are obliged to find d e  ontaide of the valley for 
the remainder of the h u e  neceeeary to meet the coet of the work. 

The extra-limital advantages of the Paaeaio drainage work are of 
eo much importance that they are bere stated briefly. The location, 
extent and the relations of thee wet lands to the adjacent prta of the 
ooontry-to the surrounding hills and mountains, and to the towns 
and citiek near them-are ahown on eheet 6 of the topographic mape 
and also on the geological map of the surface formations published in 
the last annual report. The latter ahowe the limits of the Lake Pas- 
aaic of glacial timee and the wet tractcl, which are the undrained parts 
of that old lake. Aooording to Professor Salisbury's observations, 
the pre-glaoial outlet of the valley was through the gap at Short Hille 
and Milburn. The mass of earth and bouldera left in the old river 
channel by the melting of the ice obstructed thia outlet and closed the 
gap, and the depression in the trap-rock ranges at Little Falls and 
Patereon became the drainage way for the valley. The time n e e -  
eary to cut down the reefs at Little Falls and at Two Bridges bas not 
been long enough for the preent river to do the work, hence the 
necessity of the removal of them obstructione and the improvement of 
the channel by man. This work partakes of a publio character, and 
onght not properly and exclusively to be borne by the land-ownera of 
the flowed lands, but by the State or part of the State within whose 
topographic limita it is essentially a characteristic feature and oom- 
ponent. I I  is, however, impoeaible to determine the limits of 
euch an affected district with accuracy and to apportion the m t a  

0 
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of the improvements upon all who may be benefited, se the benefita 
are partly of a aanitary and partly of an se3thetic nature, whose limits 
are not capable of murate location or definition. That them wet 
h o t s  with their shallow waters and their decaying vegetation after 
floods are the breeding placee of malarial germs and the source of 
eicknese, is well known. How far distant thew malarial dieordera 
may go is not known. The testimony of medical obeervere in this 
part of the State, and the beet medical authorities, are oppoeed to the 
tranamiseion of euch dieorders long diatancea. The eristenoe of t h e  
neata of malarious dieease ie not, however, rearnuring to the reaidenta 
of the adjacent country or to any in the valley, since the indireot ill 
effecta from euch localities are felt much further away than the bound- 
grim of the valley. I t  may be aaid that the health of the State and 
its reputation for eanitary conditions are affected by euch plague spota 
within its limita. Patemon ia only five milea away ; Boonton, Mor- 
ristown, Madieon, Chatham, Eaeex Falls, Hanover and Caldwell are 
all in the valley. The Geological Survey has ehown that the work 
is practicable. I t  has urged ita progreaa, and it now emphaaicea the 
importance of ita completion in order that the benefite may be enjoyed 
by the reaidente of the valley, and the general sanitary conditions of 
thie part of the State be improved. 

No reference is here made to the value of improvements or the 
increase en ratable due to the drainage work, se that is, in part, offtt 
by the cost to be ssseesed upon the !andholders of the flowed lands. 
They are to pay for it. The encouragement of those outaide of theae 
aseessed lands, and the support of the State in making the needfal 
legidation, and the general confidence of the oommunity is important 
and much to be deaired by the commiaeioners who have charge of the 
work. 

R+dmdbn of 25de-Marsh Lands. 

The permanent improvement of the tide-marsh lands of the State 
by drainage and dyking, and the s u m  in the reclamation of the low- 
lands of Holland were referred to in the report for 1893 and again in 
that for 1893. The description of the Dutch methods wse given as 
an object leseon to all interested in the improvementof theae wet landa* 
The suggestions of the paper on the reclamation in the Netherlands 
have mot led to any experiments here, and no work in the drainage of the 
-- p~ -- -- 

*Annual Report of State Geologist for 1892, pages '331363. 
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tidemarsh- has been done, excepting in emall lots by individnal 
awnera. Along the Delaware river in 8alem county and along the 
Cohansey creek in Cumberland county some of the drained lande 
have been allowed to revert to their original wet condition thrbugh 
the neglect of the dykes and eluice-ways. The general agricultural 
depreeeion is no doubt the cause of part of thie failore to maintain 
the improvements. 

The broad belt of tide-marah lande along the Hackenaack river, 
between Jersey City and Newark, and between the latter city and 
Elizabeth along Newark bay, and the meadows along the Staten 
Xsland sonnd are so situated that their reclamation is a subject of vital 
importam and far-reaching influence. The prejudicial effect of the 
proximity of these marah lande upon the healthfulnem of the cities 
on their borders and on the salubrity of the adjacent conntrydistricta is 
,the strong argument for their drainage and improvement. They are not 
.only inealubrions, but also comparatively non-produotive in an agricul- 
tural point of view. They are unsightly and mar the landscape, other- 
wise strong in ita soenic elements of beauty. The poeeibilitim of these 
meadows when drained and the sanitary advantagee of their reclama- 
tion, seide from the rs~thetic setting, make a strong impmion upon 
all who have Been the rich and beautiful polder8 of Holland. The 
great importance of the subject hae suggested a snrvey of Haokensack 
and Newark meadows to ascertain the proper lines of drainage and 
the advantages of the natural waterways and the oontonr line8 of the 
land for a system of dyking and drainage for their reclamation. I t  ie 
not, however, proposed to prepare plane of drainage, but to furnieh 
information to be ueed by the engineer in hi work of improvement. 
The topographic maps and the large-scale sun-prints of the original 
eurveys show the location and extent of them lande and in part their 
compoeition and character. 

NATUBAL PARK8 AND FOBEBT BEBERVATIONS. 

The subject of forest reservations, a9 related to the economic quee- 
tione of tree-planting, timber-culture and protedion, is referred to in 
annection with the surveys of the foreat lands of the State. 

There are in the State several localities and districts noted for the& 
oharaoterietio geologio featuw or their scenic beauty whiah ehonld 
be reeerved as natural parks, aside from their forested condition and 
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importance in ref-08 to the general question of forestry. The 
Palieades range ia one of the most important of the dietnote whiob 
may be reeerved aa ench natural parke for the nee and enjoyment o f  
the people. Ita oharaotmietic rook front and talua of tumbled bloolrs, 
ita well-wooded top and ita location within the metropolitan dietrict 
of the oontinent are argument0 for ita preservation. The fird of ao 
large a stretch of unbroken forest so near to New York and in a 
populone district is unique and noteworthy, and it eems fortunate 
that it should have been kept unoleared to this time, that now it  may 
beoome a naturpl park for the benefit of the population around it. 
The Survey has had prepared a map on the d e  of two inahee to a 
mile, showing the topagraphy and the fomta, their location and com- 
poeition. Copies of thia Palieadea map have been printad for thenee 
of the Governor and legislative oommitteee and the Pabaden Com- 
miasion. The surface featurea of the range were discaseed in fnIl by 
Professor Saliebu ry in his report for 1893.* 

The Highlands oontain many deeirable l o d o n e  for parke whicb 
are deatined to beaome of importance on aoconnt of their laken and 
etreams and available water-supply for city nee. The preservation 
of the foreeta and of the natural scenery ie enforoed by them advantag- 
as gathering ground for publio watemupply. 

The fact6 relating to localities and diatricbs are being amrtained by 
the Survey in the conm of its more eaientific work, and are to b e  
given in a fnture report. 

CHEMICAL LABOMTOBY. 

The chemical investigations and analyses for the Survey have been 
made under the direction of Prof. A. H. Cheeter, of Rutgera College, 
and in the college laboratory at New Bmnewick. The engagement; 1 
for this divieion of work was made two years ago, that the neoeeearp I 

etudiea and examinatione of the clays and other raw materials whicb I 
are ueed in the brick and pottery induetries might be had for the 
report on claye. I t  has been impoeaible to give all the time to t h i ~  
clam of work on account of the necessie of making some epeciak 
analyses of eoils for the report on foreate and the miecellaneoua ex- 
aminations of om,  minerals and other materiala which are onaidered 
to be of importance and worthy of attention in the laboratory. The  
chemical work on the c lap is still iacomplete, and a great deal 

*Annual Report State Geologist for 1893, pages 167-224. 
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stmains to be donezin making analysea and aecertaining their aom- 
pi t ion ,  and in fire testa to determine their practical valnea. 

Professor Cheater's report, which is here he rkd ,  shows the mie- 
ellaneons character of the examinatiom made and aleo the extent of 
the work on the claye. The analyses are not here reported, except that 
of Caswellite, on which a special report hae been prepared. It is 
given in another part of this report. 

November 14th, 1895. 
Prof. John 0. h o o k :  
I D a a  SIB-I mnd you with this, as you request, a complete list 
a f  the chemical analyses made at thie laboratory for the Geological 
Bnrvey of New Jersey during the current year. The total number 
a f  eamplea examined is seventeen, of which two are complete analyees. 
Classifying them, they are of the following kinds: 

4 Soils, 
6 Claye. 
3 Marla. 
2 b d s .  
1 Lead Ore. 
1 Iron Concretion. 

All,Ue work was done with the ntmmt care, and I am satisfied 
&at the results reported can be relied on. 

The work for 1896 only continued to July lst, which accounta for 
the comparatively emall number of analyses made. 

The liet of analyeee ia as follows, in the order reported: 

Lab. No. Deaeription. 
........ ........................................ 81 Burface mil. East Plaine, N. J. 

83.. ...... ...................................... " 6 

84.. Ld 16 61 ...... ........................................ 
.86.. ...... '( ........................................ I' 

61 

.......... 88 ........ Green clay ............... I. D Gabel Deans, N. J. 
.89 ..... Brick " ............... " .......... ,I 66 

.SO ........ White " ............... " .......... I6 II 

91 ........Lead ore ...................................................................... ................. ........ .92 ....... .Lime marl G. A. Deane .Arkansag. ........ ..... 94 Clay ........................ Hammell Farm Robbineville, N. J. ............. ......... 96 ........ Greensand marl Dr Price Imlaystown, N. J. 
96 " 8. A. Fenton 66 6< ........ ......... ......... ......... 98 ........ Clay ........................ E. Oljphant Tuckerton, N. J. 
99 ........ 'I ............................................................................. 

100 ....... Iron concretion .............................. u t h d  N. J. ....................................... 101 ....... Pur legsnd Asbury, N. J. 
102 ........ &d ... ; ........................................ 61 I 

Yonre respectfully, 
ALBEBT H. CHESTEB, E.M., Ph.D., 

Profemor of Chemiet ry. 
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The surveys of the forat lends of the State have been oarried for- 
ward in acoordance with the terme of the act of the legialative =ion. 
of 1894, whereby the sum of $5,000 waa appropriated for t h b  
Purpoee. 

I n  the northern part of the State the work hse been in oharge of 
Mr. Vermeule, who haa been misted by P. D. Staata, F. W. Bennett 
and H. Sprodl. The northeaetern part of the State has been sur- 
veyed in detail, and the compoeition of the fomt, as to kinds and 
eize, has been noted on the map. The Palieadea range, the valley of 
the Hackenaack and nearly all of Ihex  county have been traversed, ancP 
the forest map prepared. The Highlands have been surveyed with 
reference to the extent of the foresta upon the hill and mountain 
dopea, and the relation of the fomted areas to the drainage hlle been 
studied. These sreae have been colored on the topographic map, 
and the extent and relation of the foreet-covered part to the h e  
dieMota are in thii way shown. The m u l b  of the survey are strik- 
ing in the comparatively large percentage of the whole territory in, 
woods, and particularly north of the moraine (terminal). South of 
that line or limit there is much lees forest, and a larger part of the 
country is in farms and cleared. I t  is remarkable that there should 
have been so much laud left in timber or uncleared so near the popu- 
lous districts of the State and on that part of the Highlands when* 
the water-supply for theee districta is obtained. This condition ia 
moet favorable to the gathering capacity and the quality of the water, 
The survey ale0 shows that there ie such a disposition of the fomt  as 
is conducive to the equable flow of the streams and to the retention 
of the moisture in the soil. The large part of the fomt  is on the 
dopea and not on the more nearly level plateaua and valley bottome, 
and where it is most effective in helping to check the rapid discharge 
of flood-watera and prevent the etreama from being loaded with silt 
or mud. The brook0 flowing through a wooded country and througb 
valleys in forest lands do not become eo turbid as thoee of a 
oountry bared of treee and in farm lande. The mil ie not washed 
down hill-eidea and carried away by the streame, to be deposited in 
their lower reaches and in the more duggish parta of their coureee, 
Inaemuch lle the cities are getting their eupplies from the streame 
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well up in the Highlandr, and not below in the more nearly level or  
flat country, this wooded character of the s l o p  ie of importance to 
the dear or transparent condition of the water. The superiority of 
water from a forest to that from a cleared and farmed dietrict is well 
known, unlees the dietrict be largely in greee or pasturage, as that of 
the Croton water-shed in New York. The Highlands are therefore 
moet valuable gathering-ground for public water-supply, and the 
State ie fortunate in having this well-wooded hill country within ita 
limits so near ita large city population. 

The maintenance of theee conditions is also important. The survey 
has shown the topographic relation,of the fomt lande. The reten- 
tion of them s l o p  in foreat is desirable; the removal of the timber 
from and the clearing of the level parts ie not to be feared aa injurious. 
The surveys show where this clearing cannot be harmfal or threaten- 
ing. How the proper relation and conditions may be kept is a 
problem for the futnre. Individual owners cannot be expected to 
retain the foreet for public good and to their lm, hence it &ems to be 
a condition which may demand the action of the State in order to 
maintaining the foreat cover where it is needed. 

I n  the eouthern part of the State Mr. Gifford has been at work 
and has studied the question of forest fires and their origin and pre- 
vention. He haa also given some time to the cedar swamps and to 
the general distribution of trees. By hi efforts a more general 
interest in the protection of the forests from destruction by fire hae 
been aroueed, and the community at large haa been affected in an 
educational direction and eentiment created to ask for help to arrest 
the ravagea of theee fires. A corp  of observers have kept watch of 
firea and colleoted data about them. The reaults are given in Mr. 
Gifford'e report. I t  is to be hoped that the work of obeervation and 
recording the number, origin, location, extent and destructive effecte 
of forest firm oan be continued, sinoe the value of statistice is here of 
the first importance in showing the extent of.  the ravagee. The 
statistia of fir- are evidenoe of the need of more effective meaeurea 
for protection than are now in use. Of th,eee meaeurea the most im- 
portant and m a t  practiiable is the opening of fire lanee, and -the eepa- 
ration of the great forested districts or territory inbblocke-thne isolated. 
The oleared bordera along eome of our railway linea are already to 
eome degree effeotive aa fire lanee. Were the clearinge extended to all 
of the linea of railroad and along eome of our more important wagon 
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d a ,  the foreated belt of the southemtern part of the 8tate would 
be well divided into a syetem of blockq and well eituated for pro- 
tection. The establishment of some such system of fire lanee aeeme 
to be neoeeeary in order to enable the local authorities to contend euc- 
oesefully with the firm. A emall map of the State ie ineerted in Mr. 
Gifford'e report as an exhibit of lanes and blocke. 

At the cloee of the eeaeon, in October, Mr. Gifford Pinohot, of 
New York, and consulting foreeter in charge of the forestry work ab 
Biltmore, North Carolina, waa engaged to prepare a report on the 
forestry question in the State and the adaptability of the aeveral large 
diviaione of the State to timber culture or ecientific foreatry. Mr. Pin- 
chot made a few excureions into the principal forest dietriate, and he 
hae incorporated hia o k v a t i o n s  and euggestione in a special report, 
which ia here submitted. Coming from an experienced foreeter and a 
practical administrator of a large forest plantation, and acquainted 
with our conditione and needs, hie report ie valuable and hie euggea- 
tione am worthy of oareful consideration. 

The eurveye in t h i  diviaion have been euepended on aooount of the 
appropriation for the work lapeing October 31st, and the want of fur- 
ther appropriation for completing them. There hae not been time 
einoe that date to prepare a full report, particularly of the work done 
in the aouthern part of the State, and what ia here given is a report of 
progress The full report will be given to the Legblature at iteaom- 
ing -ion next year. I t  will contain the reeulte of the work done, 
although neceaaarily incomplete in many details, because of want of 
time for making an exhauetive eurvey. 

OW)LOQICAL Boom. 

The work of arranging the oolledions of the Survey in the mneeum, 
which wae begun in the winter of 1893-94 by Mr. Harry Land-, 
and wae referred to in the laat publiehed administrative report, waa 
terminated in the Bummer of 1894, and Mr. Landee left to engage in 
teaching. The oolleotione have not been changed or materially in- 
oreaeed eince that time. The Columbian Expoeition exhibit of the 
8nrvey hae been reaeived and etored in the h e n t ,  excepting the 
large relief map of the &ate, which hae been eet up in the central 
epnce in the mneeum. There is not mom for the caea and the 001- 
leotione of thia State exhibit in the mneeum, and they are therefore 
stored for the present. I t  is propoeed to put in some of the minerale 
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representative of the State in wee now occupied by rock collections, 
and thereby improve the appearance and add to the intereet in the 
oollection. 

The Legislature, at its last session, p d  an act oreating a State 
mneeum and giving to i t  the Columbian Exposition exhibita ae a 
nucleus of a general State oollection or museum. Plans for the 
installation of them exhibits in the State-houee are now in couree of 

, preparation. The consolidation of the Geological Survey museum 
with the other oolleotiom of the State in a well-equipped museum 
would add to the value and increaee the intereet of the public in the 
material which has been aolleoted in illuetration of the geologic 
structure and mineral reeonroes of the State. 

PUBLICATIONS. 

The Annual Beport for 1894 waa the sole publioation of the year. 

DISTBIBUTZON OF PUBLICATIONS. 

The demand for the publicatiom of the Survey is inoreasing 
steadily and they are distributed among a wide circle of inquirere 
outside of the State. The topographic maps are sold at twenty-five 
cents a sheet. The aalee for the year will amount to about $400. The 
requeets for reporta are granted as far as poeeible. The restriction 
upon Volume I. of the Final Report hae been made necessary by 
the small number of volumes in stock. They are supplied to librariee 
and to fill seta. The oost of carriage by mail or by expreaa ie paid 
by the recipient, exoepting State officere, librariee, neweppera and 
correapondenta whoee namea are on our list of exchangee. The plan 
of a wide distribution is followed in the case of all the publicatione 
which are in etook. 

Beaides the regular eeriea of topographic map, on the d e  of one 
inch to a mile, sun-print copiea of the original topographic projeo- 
tione, and on the acale of three inchee to a mile, are eold to partiea 
desiring tto large eheeta, at the rate of twenty-five oenta per sqnare 
foot, or thirty-five oenta if mounted. 

New editions of three of the atlas eheeta have been published ei.08 
the laet adminietrative report was issued. 
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STAFF O F  THE SURVEY. 

PBOFE~SOB %LLIN D. ~ ~ L L B B U B Y  is in charge of the enrvey of 
the eurface formations. He has had G. N. Knapp ae aaaiatant 
geologist and P. D. Staata ae topographer for a part of the eeaeon. 

CLARKSON C. V I ~ ~ X T L E ,  consulting engineer and topographer, 
has had charge of the surveys of foreeta in the northern part of the 
Stab. P. D. Staate hae been ageistant during the field eeaeon of 1896. 

Iavrrra 8. U m w  has charge of the sale of topographic mape, 
from New Bmnswick. He is also the disbursing offioer of the 
Survey. 

JOHN GIFFOBD has had charge of the foreetry work in the south- 
ern part of the State. 

I n  co-operation with the United States Geological Survey, DR. J. 
E. WOLFF, of Earvard University, Cambridge, has d i r d  the sur- 
veys in the region of the Highlands. LEWIS G. WEBTOATE assisted 
in the survey. 

PROFEXBOB WILLIAM B. CLABK, of Johne Hopkina University, 
Baltimore, has charge of the work in the Cretaceone and Tertiary 
formations. Et. M. Bagg is his ageistant. 

DR. HENBY BABNARD KUYMEL, formerly assistant to Profemor 
0aliabury in the surveys of the eurface formation, is making a survex 
of the red aandetone belt of the State. 

ALFRED A. CANNON is clerical assistant to Mr. Upeon at New 
Brunswick. 

HATFIELD S Y ~ H  is general aeshtant in the ofioe in Trenton. 
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UNITED STATES COAST AND GEODETIC 
SURVEY OF N. J., 1894. 

BY EDWABD A. BOWBEE. 

I n  the month of April a reconnsiaeance was run on the linee Bur- 
den to Bridgeton and Burden to Pine Monnt to determine the height 
that would be neceaaary for the obaerving signals at Burden, Bridge- 
ton and Pine Mount. I t  wss ascertained that, with a sixty-four-foot 
obaerving eignal at each of the statione, Burden and Bridgeton, and 
with the opening of short vietas through the tree tope on this line, 
the two stations would be intervieible. 

On Jnly 6th field work wse reenmed. An observing tower eixty- 
four feet high was built at Burden to enable ue to see over the tall 
timber to Bridgeton and Pine Monnt. On July 18th the tower wae 
oompleted, and on Jnly 19th, 20th and 23d observing signals were 
erected at CoIsona, Bridgeton and Lippincott, fifty-five, eixty-five and 
forty-eight feet in height, reepedively. 

On Jnly 26th the theodolite wse aet up at Burden. A search wae 
then made for the underground mark at Pine Mount, which had 
l pn  buried there in 1839. On August 2d this mark wss found ; it 
wae an earthenware cong aontaining two &s extending its whole 
length. Careful measurements were taken to mure ita poeition 
against its poeeible removal before we ahodd visit it again. On the 
next day an obeerving eignal sixty-one feet high was ereoted over 
this cone. The measurement of the horizontal anglee at Burden was 
begnn on August 4th. 

On A u p t  29th Pine Mount wae re-marked. The d e  in the 
oone were cemented; the cone was eunk to the depth of four and 
one-half feet to its lower baee, and a granite monument wae put over 
it, which is three and one-half feet long, d r d  six inch@ equare, 
with the lettere '' U. 0." ant in esoh of ita four eidee, and a triangle 
on the top. Thie monument wae mt in hydrnulio oement to within 

(=v) 

NEW JERSEY GEOLOGICAL SURVEY



xxxvi ANNUAL REPORT. 

six inohea of the top, and a fall deeoription, with aketoh, wae made. 
O n  September 3d the measurement of the anglee at Barden wae com- 
pleted, and on the next day the inatrumenta were ahipped fs New 
Bmnawick. 

On September lat, a reoonnaiesmnce waa run on the line Bridgeton- 
Pine Mount, to aecertain the height of the  tree^ along the line, and 
i t  was found that a forty-eight-foot mffold at Bridgeton would aee 
over the woo& to a fifty-five-foot eignal at Pine Mount. 

I n  the latter part of hptember the latitudes and longitudes were 
amputed of the primary atation Bnrden, and the four tertiary 
points--Salem Churoh epire, Port P a n  range light, Finna Point 
range light, and Qainton Church spire. 

The next etatione to be oooupid are Bridgeton and Kellogg. The 
6mt work to be done ie a reoonna'bamoe southeasterly of Bridgeton 
t o  determine two primary station8 to take the places of Fairton and 
Mnakee Hill. 

h the month of April a reconnaissance waa m on the lines Bridgeton to New- 
field and Bridgeton to Kellogg to determine the heights that will be necema ry for 
&he scaffold at Bridgeton and the signals at Newfield and Kellogg. It was found 
that a forty-eight-foot observing signal at Bridgeton wi l l  be required to nee forty-foot 
signals at Newfield and Kellogg. 

As the allotment for New Jersey was exhausted, and as there was none made for 
the fiscal  yea^ beginning July I&, 1896, the work waa discontinued for the remainder 
of the year. 
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ON CASWELLITE, AN ALTERED BIOTITE FROM 
FRANKLIN FURNACE, N. 1. 

The mineral under coneideration waa firet noticed at the Trotter 
Mine, by Mr. F. L. Naeon, in January, 1893. During the following 
eummer he colleded a coneiderable amount of it, which he kindly 
eent to me, and which has been examined at the laboratory of the 
State Ge61ogical Sarvey. At my requeat he has written the follow- 
ing account of ita murrenoe and seeociation : 

"The limestone formation of Orange Coun New Pork, extende 
southward into Snseex county, New Jemy, ino ? udee the zino d e p i t e  
at Franklin Fornace and Stirling Hiil, and aa a oontinuoae depoeit 
terminates a little north of the village of Sparta. 

"At Franklin Furnace the white limestone ia injeoted with numer- 
, one dikee of granite. Theee granitea can be aeen to good advantage 

in the furnaoe quarry at Franklin and in the Trotter Mine at the 
north end of Mine Hill. At the farnace quarry the eruptive origin 
of the granite ie shown (a) by ita thin tongues reaohing out into the 
enclosin limeatone from the main body ; (b) by ita cutting acroee the F etrike o the limeatone; and (0) by the large development of oontact 
minerale, among the moet prominent of which are tourmaline and 
ohondrodh. 

"The granite here ia peouliar in that the mineral allanite ie so 
prominent that it may properly be called an allanite granite. 

"BB might be expected, when thie granite cats the zino vein, which 
it d m ,  aa roved by mining, intereating contact minerale are 
developed. 8 n  the eurface the dike appeara at a point known .s 
Double Rock. Great ma- of garnet here are found on the aufaoe. 
I n  the limestone adjoining, the garnets appear abundantly in beautiful 
clusters of cryetale. I n  the mine two hundred feet from the eurface 
and from the aurfaoe down to thia point the granite ie encountered. 
In  oonnection with this dike the rarer minerale found at Franklin 
occur. Allanite is found in large crystals ueually in the aoaree granite 
in contaot with either the limeetone or with the vein matter. 

"Axinite, ueually maeeive, but frequently in pockets, lined with 
small but brilliant crystale occurs. 

(xxxvii) 
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"Large cryetala of Amazm stone very perfeot in form aleo occur. 
One large oryetsl formerly in the poeeeesion of Mr. W. W. Pierce, 
weighed about twenty ponnda. 

" Rhodonite, both maeeive and in beautiful large crystals. 
" Zircon, a specimen in the &met of Mr. T h a .  Long, of Ogdens- 

burgh, onequarter inch mrom the prism hoe, and one and one-half 
inchea long. 

"Zinoite; mmive tephroite; tephrowillemite in fine orjetsla; sue- 
aexite, rarely found ; deaauleaite ; niooolite, in cryatala oocasionally ; 
rammelsbergite, in cryetala ; rhodocroeite ; flaorite ; aabeatoe. 

"The moat abundant minerale are, however, massive rhodonite and 
polyadelphite. I t  is in immediate connection with thie latter mineral 

, that the recently obeerved mineral ia found. I t  mure in thick 
plates and d e a  with biotite, into which this pama or from whioh it 

tly derived by alteration. 
:'Cwriter haa been at the mines frequently durin 

yeare, and this ie the first time that thie mineral has L&~ n known yt five to 
be obeerved, and it can thue probably be aafely reoorded aa a new 
mineral from this locality." 

The new mineral i of a peculiar fleeh, or light copper-red, color, 
with a bronzy luetre and mi-us etmcture, cloeely mmmbling 
light-colored olintonite, for which it wae at first mistaken. Ita hard- 
new is 2.6-3, and ita specifio gravity ie 3.64. I t  is oompletely decom- 
poeed by hydmhloric mid, with the aepration of gelatinow ail& 
It haa entirely loet the elasticity of the original biotite and is quite 
brittle, so that while it still cleavee eaaily it hae not the eminent 
cleavage of mica. I t  oocura in moet intimate aeeooiation with maeeive 
yellow garnet, granular rhodonite, and a somewhat altered dark 
brown biotite, with which laet it ie moat c lody oonneoted, in many 
instances the game plate of mica ehowing a gradual ohange from 
nearly black biotite at one end to caswellite at the other. It, there- 
fore, ia fonnd in all statgee of alteration, and varying in color from 
almoet black to the bronze-red or pink deecribed above. 

The analyses made reenlt aa follows : 
1. 2. Avmaa 

Ignition loea ................................. 4.64 (4.64) 4.64 
8i Q2... ......................................... 38.68 38.80 38.74 
Fe,O ,......................................... 6.86 (6.86) 6.85 
A1,O1 .......................................... 6.46 6.71 6.68 
Mn,O,.. ....................................... 16.80 16.11 15.96 
Ca O.,... ....................................... 22.68 21.92 22.30 
M g O  ........................................... 5.43 6.60 6.52 -- - - 

100.63 100.63 100.68 
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The molecular ratioa, calculated from the average of these analy- 

Showing a ratio of Si 0, : R 0 : R,O, : H,O = 6 : 2 : 6 : 2.6. 

This does not suggeet any very probable formula, a result to be 
expected from the way in which the mineral wae produced. 

Mr. Heinrich Riee, Fellow in Mineralogy at Columbia College, 
who made optical examinations of this m i n e d  and of the associated 
biotite, writee ae follows : " The new mineral is very feebly doubly 
refracting, and showe, apparently, no pleochroism at right anglee to 
the base. I t  ie more strongly bi-axial than the biotite from which it 
hae altered, but it is eo feebly refractive that no image muld be 
obtained. With the quartz wedge i t  acta like an ieotropic mineral. 
The biotite with it shows a slight divergence of the optic ax&, proba- 
bly not more than five degrees. A flake was struck with a sharp 
point, to obtain the percussion figure, and the leading ray of the latter 
was parallel to a line joining the loci of the optic axes, proving it to 
be a mica of the asme order ae biotite." A very dark red mica with 
brilliant lustre, from the same mine, and associated with eimilar min- 
erala, was also examined optically, and proved to be a freah, mal- 
tered biotite. Chemical examination showed the presenoe of potash 
in considerable proportion in this unaltered biotite, while it ie found 
in slight amount in the biotite occurring with the Caewellite, from 
which latter it hae wholly disappeared, as shown by the analysee 
quoted. The fresh biotite also shows much magneaia and little or no 
lime, differing thus from Caewellite. 

These faote ehow that there is an unaltered manganesian biotite 
among the minerale found at the Trotter mine, which at least at one 
place hae been altered by the lose of ita alksliea, and probably by 
other changes in ita composition, eo that it has practically beoome a 
new mineral. This idea is strengthened by the fact that the mineral 
has been found only at one place in the mine. Though nothing ia on 
record of ita occurrence, its poeition and distribution in the dump 
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ahow that it waa of l d  occurrence. I t  eeeme to indicate an ioflnx 
at some point of water carrying with it manganese and caloium com- 
pounds, and perhap help to explain the finding of suoh a variety of 
minerale at thie most prolific l d i Q .  

Inaemuch ae these reaulte eeem to justify the view that it ia a new 
mineral epeciee, I p r o p  for it the .name hll l i ta ,  after Mr. John 
H. Caewell, of New Pork, well known among the mindogiata of 
thii vioinity. 
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SURFACE GEOLOGY-REPORT OF PROGRESS. 
1895. 

During the spring and early summer of 1895 I spent a little more 
than two months in the field in a reoonmbsanoe of the eouthern por- 
tion of the State, and during the summer and autumn Mr. Knapp 
epent about five months in detailed surfbe mapping. My recon- 
bnaiesanoe covered that portion of the State which had up to that time 
been studied but little, and oonoerned parta or all of the following 
counties : Monmouth, Ocean, Burlington, Camden, Atlantic, Gloucee- 
ter, Cape May and Cumberland. Stated in other terms the reoon- 
naissanm had to do eipecially with the wooded portion o f  south- 
esstern New Jemey, and with the more fertile belt in the eouthweetern 
part of the State. 

While the reconnaiseance did not settle all queatione involved 
within the area studied, it served to bring out many general relations, 
and forms a proper bask for the more detailed work which ie to fol- 
low. Certain general reeulta may be briefly stated without entering 
into a discussion of them. 

THE MIOCENE. 

The Beacon Hill (Miocene) formation which i t  has been found 
neceseary to study in connection with the younger formations, main- 
tains, to the eouthward, the general charactere and relatione which 
have already been set forth in earlier reporta. I n  general it ik found 
to correspond in direotion of dip with the Cretaaeons beds on which 
i t  liea. But, on the other hand, the study of the broader area has 
made its unconformity with the Cretaceous more striking than earlier 
work had done. While over considerable areaa to the north and 
northeset it is found to reat upon the Middle Marl, and upon thie 
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formation only, thie relation does not hold throughout the State. ID 
the Band Hille, north of Monmouth Junction, it resta on the Raritaa 
Clay. I n  other plaoea it reate on the Upper Marl, thus demonetrating 
ita unconformity with the Cretaoeous beds.* 

Traoed along the strike of the Cretaceous beda the baae of the 
M i m e  ie found to depart notably from horizontality. I t  is highest 
in the vicinity of Clarkeborg and Perrineville (about 270 feet), 
deolining thence slightly to the Navesink Highlands (abont 180 feet) 
on the northeaet, and more notably to the southwest. At Monnt Holly 
its base hae an elevation of only abont 160 feet. Still further west. 
at Point Airy, a mile northeast of Woodstown, its beee hae deolined to 
about ninety feet (including the astringent clay), and at the Big Man- 
nington hill, five miles further in the same direation, to forty or fifty 
feet, while near Alloway and Quinton it reachea sea level. Them 
relations serve to emphasize the general ooncluaion which hae here- 
tofore been stated, that there has been deformation of the eouthern 
portion of the State since the depoeition of thie formation. T h e  
axis of dieturbance probably ran west of north and east of 
south, and suffered uplift relative to the areae on the north- 
eaatern and southwestern sides, reepectively, while the relative 
depreesion of the two sidee was unequal, being greater on the sonth- 
weat. Along thie axie the deformation wae probably greatest in the  
vicinity of Clarksburg and Perrineville. The figures of the pre- 
ceding paragraph make it clear that the deoline of the base of the  
formation to the sonthweet is not uniform, being very much lese per 
mile between Mount Holly and Woodstown than between Perrine 
ville and Mount Holly, or between Woodstown and Quinton. 

The decline o r  dip of tbe base of the Miocene along linea at right 
anglea to the strike, ie not uniform. The dip ae determined by Mr, 
Knapp, along six linee, ie aa followa : lo From Pine Hill, near Clarke- 
burg, Monmouth muoty, to Ely, about 32 feet per mile; a0 Stone 
Tavern (Mechanicaville), Monmouth county, to Burksville, abont 32 
feet per mile; 3' llouthesat of Proepertown for 2% miles, 28 feet per 
mile ; 4' Ellisdale, Burlington county, to Brindletown, Ocean oounty, 

*The reference of the sand and gravel over the Raritan Clay nesr P a l m p  
(Hylton's pits) to the Miocene (Annual Report for 1891, page99) seems pow to have 
been an error. The beds in question seem to belong to the Raritan formation, 
which in this part of the State contains much sand and gravel. This is shown bp 
various well records (Annual Report for 1893, pages 403-9), ss well as by data 
gathered during the summer of 1895. 
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184 feet per mile; 6 O  Mount Holly to Retreat, 18 feet per mile; 6 O  
Mount Laurel, three milea southeast of Moorestown, to a point 2) 
milea further eoutheast, about 19 feet per mile. 

I t  ia not necessary to suppoee that all this variation ie the result of 
pt-Miocene deformation. A part, and perhaps a large part, may be 
fhe result of depoeition on an uneven base. 

The reconnaiesanoe made it clear that the " astringent" clay * of 
h e  eouthweatern portion of the State, especially well expoeed in 
Salem and Glouceeter counties, near the southesetern margin of the 
Cretaceous, lies below the slrnd and gravel which are a continuation 
a f  the upper part of the Beacon Hill formation further north. Even 
to the north and northeaet, however, the Beacon Hill formation ia 
found to become more or less clayey at ita base, often containing oon- 
Biderable layers which have been used to a limited extent for brick. 
I t  ia believed that the "aetringent" olay of Salem and Gloucester 
auntiea is but a greater development of the clayey layers which 
characterice the formation more or less generally throughout ita 
a u m .  The glass sands about &nth Vineland are believed to belong 
to thii formation, being referable to its upper horizons. 

The wider study of the year has brought out the fad that the for- 
mation has a greater range of material than was at first supposed. I n  
the vicinity of Farmingdale i t  seeme to include the following phasee : 
(1) Coarse, gritty sand and fine gravel of the Shark River type; (2) 
orange to ealmon-colored sand, very sticky from the preaence of 
dayey matter, generally lying below the preceding ; (3) greyish day 
such ae that seen at buthard, often lying just over the marl of the 
region, as seen at various points near Farmingdale. Seama of similar 
clay, however, occur well up in the formation ; (4) light grey mica- 
ceous sand. Thie ie often associated with No. 2 in thin bands, but 
occurs below it as well. This and all sands of the formations are 
very likely to be streaked more or less with clay. I n  other portions 
of the 8tate the variety of eaod becomes much greater, the "astrin- 
gent" clay ia added, and, at a few pointa near Woodstown, thin layers 
of a fine white, or whitieh substance, which has somewhat the appear- 
ance of soft talc. 

I n  the eouthern and southwestern parts of the State, as at Mill- 
ville, and at many pointa between Woodatown and Mullica Hill, at 
Clementon, south of Marlton, at Arney'a Mount, at Fountain Green, 

'Cook, Annual Report of 1886, page 182. 
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and at varioue points in the vi6nity of Clarksbarg, the nand ham in a 
marked degree the peculiar quality which has been deeignated "flufi- 
nea" The fluffy sand ie often very delicately and beantifnllp 
mottled and etreaked with pale shades of various oolors. Thii deli- 
oate streaking and mottling is e x d i n g l y  oharaoterietio of the forma- 
tion throughout its southern exteneion. Very thin seame of olay in 
the sand are a h  aharaoteristic. Nearly everywhere the formation 
contains gravel, some of which is coaree. Cobblee up to three or four 
inchea in diameter occur not rarely, and they are often remarkably 
clean and hard, eapeaially where they are of quartz. The gravel ie 
more likely to oocur in abundance near the upper part of the forma- 
tion, though not confined to this horizon. I t  is sometimes fonnd in 
pocketa, which may affect any horizon. There is very likely to be a 
aeam or thin layer of gravel at the very base of the formation, along 
the plane of ita junction with the underlying Cretaceoue. 

There would seem to be little doubt that one of the poet-Cretaceous 
formations, presumably the Miocene, once extended northward SD 

a9 to cover the Sourland mountain, either in whole or in part. Very 
meager remnanta of gravel, oonsisting indeed of no more than 
scattered pebblea, have been fonnd at numerous pointa west of Plain- 
ville, in Somerset oounty. The mere existenoe of ~ctittered pebbles 
of qnartz which resemble thoee of this formation might not be thought 
to be a fact of much significance. The long period which various 
portions of the State have been under cultiv~tion, and the"poeeibi1i- 
ties which might be thought of in bringing about the traneportation 
of occaeional pebbles in connection with human activities, would lead. 
one to attach little ihoportance to occtasional pebbles in moet situa- 
tions. But the pebblw referred to were found in snch situations as te 
make any explanation of their origin, other than a natural one, im- 
probable. Of especial signifiance were the pebblea of quartz fonnd 
in forest regions which have never been cultivated, about the heads 
of gullies and ravines, where erosion had freahly exposed them. They 
were seen in such position8 in several places, and in snch numbers ae 
to leave no poeeible doubt aa to their being in a natural poeition, 
There would seem then to be no alternative but to suppoee either that 
some formation younger that the trap once extended northward over 
the mountain ; or, second, that the conglomerate beds of the Triae 
had at some time extended over this region. Of. these two poeeibili- 
ties, the former seems the more probable, and since the pebbles fonnd 
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agree in kind with thoee oharaoteristic of the Beaoon Hill formation, 
and since their poeition agree0 with the position whioh this formation 
must have had if it once extended northward, it aeema reasonable to 
suppoae that this formation once covered or lapped up on to the 
mountain. I n  thie oonnection it is to be remarked that similar eug- 
geatione of the former extension of a similar formation were found 
some time sinoe on the Watchung mountains.* 

PENSAUKEN FOBMATION. 

The Pensauken formation probably covere m k t  of the area south- 
east of the Cretaceous belt, and considerable parts of the area where 
that formation occurs. Generally speaking, it may be stated that the 
base of the greater part of this formation declines to the southeast 
in harmony with the dip of the underlying formations. There ie 
some evidence, however, that the decline in this direotion is even less 
regular thad in the -case of the Miocene, upon which it is distinctly 
unconformable. Like the Miocene, too, though mnch more distinctly, 
the baee of this formation declina toward the Delaware river, so that 
there is a narrow belt next this stream where the baee of the forma- 
tion declines to the westward. The unconformity of the Pensauken 
on all eubjacent formations is distinctly shown by the fact that in one 
place or another it reats upon every member of the Cretaceous aeries, 
as well as on the Miocene. Not only this, but unconformable con- 
taots between it and the Miocene are shown at many points. Two 
such contacts were seen in the vicinity of Millville, one in the section 
exposed by the trolley line just south of the pond, and the other in 
the section along the tramway in the pit two miles or more south of 
Millville, on the west side of the river. 

. 
As in the caee of tbe Miocene, the wider study of this formation 

hae led to the belief thaf, it is somewhat more complex in conatitution 
than earlier studiea indicated. Where identified heretofore, it is 
made up largely of arkoee sand and of gravel, containing as dis- 
tinctive elements soft chert, bits of Triassic shale and sandstone and 
pebbles of thoroughly decomposed granite. The general absence of 
certain other elements, which enter into the constitution of aseociated 
formations, ia also a diagnostic mark of the Pensauken. 

Theee characteristice are found to hold, though not without modi- 

See Annual Report for 1893, page 48. 
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fioation, to the eouthernmoet e x p o e m  of the formation eeen, viz., 
thoee at Millville and near Tuckahoe. To the eouthward the granite 
and gneiea pebblee oharsoterizing the formation about Trenton, 
Hightatown, Old Bridge, d d., and appearing to have oome from 
the north, are replaoed by gneimio and materiale of a 
different character, derived apparently from gneieaee and sohieta like 
thoee of Philadelphia. 

I n  addition to them changes in the gravel, which eeem to be the 
m u l t  of geographic poeition, the coarse sand becoma leee arkoee, and 
therefore cleaner, to the south and aoutheaet. Toward the eouth, too, 
it appear8 that the Pemauken containe much more olay in the form 
of dietinct seams, though there ia less clayey matter distributed 
among the sand and gravel. Seame of clay a few inches to a few 
feet in thickneee have been seen not rarely in typioal e x p o e m  of the 
formation at various pointe. One of the beet defined and most dearly 
expoaed of them eeame of Peamuken clay wae eeen in the pit a mile 
south of Millville, on the west side of the river. Similar seame 
have, however, been eeen at many points, I f  preeent interpretations 
be correct, considerable beds of clay which am worked for the manu- 
faoture of brick and tile, are to be referred to thie formation, notably 
thoee at Fieh House. I t  ia not to be inferred from thie statement 
that all the clays uaed for brick, tile, &c., in the southern part of the 
State are Pensanken. I t  eeems probable that some of them, a g., 
thoee about Farmiogdale, am Miocene ; eome of them, ae noted above, 
are Penaauken; while others, e. g., those about Winslow Junction, 
are still younger. 

I n  the southeastern portion of the State, the discrimination of the 
Penesuken from the Miocene hae thus far been a matter of some 
difficulty. To put the matter in another way, there is in the south- 
eastern part of the State, along the line of the New Jersey Southern 
r a i l d ,  and extending thenoe westward for some distance and eaet- 
ward to the owan, a very widespread bed of coarse, gritty eand, often 
used for moulding purpoees, the claesification of which has not yet 
been placed beyond queetion. Approached from the north, the rela- 
tions of thie sand seem rather to favor its referenoe to the Miooene, 
while approached from the west, and especially from the latitude of 
Camden or below, ita relations seem rather to favor its classification 
with the Pensauken. 

Through moat of the wooded area of southwestern Jersey, this is 
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the formation expoeed wherever &ions more than four or five feet 
in depth are formed. On the whole, the evidence now in hand eeems 
to favor ita reference to the Peneauken, rather than to the Miocene. r 

I f  it be Pensauken, it ie, on the whole, freer from gravel, and freer 
-from the clayey and earthy elementa than the Peneauken further 
north and west. I t  is often highly ferruginoue, and in many places 
the ferrugination haa gone to the point of cementation. It is from the 
horizon of this aand that the highly ferruginoue aandetone of the 
southeastern part of the Btate is won. There is rarely quarrying in 
any proper eenee of the term, but there are many plaoes where layers 
have been diicontinuouely oemented to such an extent that by digging 
aver a hillside, coneiderable quantities of atone may be mured. 

Good expoenres of the formation in question are r~hown at nnmer- 
.one cute and pita about Lakewood; at Richland ; at the pite near 
Woodmansie, where excellent r o d  material ia had; at Island Heights; 
and near Btaffordville, where there ie an extenaive pit likewise worked 
for road material. 

There can be little doubt tbat detailed work from the west to the 
emt, with carefnl etady of the changes which the formation nnder- 
goes in this d i d o n ,  will clear up all the difficulties whioh have 
.heretofore arisen. 

The detailed work of Mr. Knapp h& been along the Delaware 
river in the broad fertile belt which embraces the ,weatern part of 
=em, Glouceeter, Camden and Burlington oountiea. His earlier 
work had been in an area further north, and had reached ae far eouth 
.m Rancocas meek. His work during the preeent season has carried 
the river belt as far eouth as &lem, and in general terms, eastward to 
the timbered region. Hie work hae brought out many interesting 
.and significant points in c~nnection with the Penmuken formation. 
Within the larger part of the area outlined above, the Peneauken ie 
found to exiat in remnanta only, though to the eastward near the 
eastern limit of the cultivated belt, it becomes wentially continuous. 
I ts  dietribution within the area studied by Mr. Knapp ie shown on 
the accompanying map, Plate I. 

One of the significant things in i k  distribution in the aouthwestern 
part of the State is the fact that it oocupiea divides, and another that 
-ita remnants, especially to the westward, are disposed in linear belts 
parallel to the strike of the Cretaceous beds. I n  the central portion 
of the Btate, that is, in the area north of 40' lo', there ie little that 
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ie striking in the distribution of the Pensanken pntahts. They am 
relatively large, and overlie formationa of varioua aorta, inolnding 

r the Tri.eeic, both trap and shale, the Baritan clay, and the Clay 
Marl. 

&nth of the latitude of Trenton, however, the linear arrangement 
of the Penmuken remnanta ia apparent. The most ooneidersble line 
of them lies on the Clay Marl belt, a little southeaet of the line of 
ita jnndion with the Baritan clay. This line or belt of Peamuken 
remnanta lying on the Clay Marl extends from New Sharon, n e u  
the west line of Monmouth county, southweetward through Cmee- 
wicks, Bnetletown, Deaoon'e, Rancorn, Hartford, Mooreatom, 
Cooperetown, Haddonfield, Mount Ephraim, Woodbn ry, Miokleton, 
8wedeaboro to Auburn and beyond. It  rarely hrs a width of more 
than three or four milee. East of this belt and parallel to it, there 
is a wider one in which Penaauken remnanta are notably fewer and 
smaller. This belt may be said to run from ~ k l e e e t o w n ,  Bnrling- 
ton county, aouthwest through Mount Holly, Marlton and Wenonah, to 
Mullioa Hill and Woodstown. Thie belt is of very unequal width, 
Southeast of i t  Pensanken remnants again become more abundant, 
and still further in this direction the formation becomes oontinuoue, 
and probably underlies the whole of the southeastern part of the 
8tate. 

Thia eastern belt of qmnanta, whioh are really outliera of the con- 
tinuous portion of the Pensauken lying further sontheaet, runs 
through Camden, Glouceeter and M e m  oountiea, along a line extend- 
ing from Gibbeborough, through Clementon, Point Pleasant, P d e  
Mille and Pitman Grove, to Yorktown three or four miles south by 
southeast of Woodstown, and ie approximately ooinoident with the 

. northwestern edge of the Miocene formation a9 it now exieta. In 
other terms, the Pensauken remnanta are abundant on the north- 
weetern edge of the Miocene, and further weet on the Clay Marla, 
but not on the intermediate membera of the Cretaoeons aeriee. 

There is another very subordinate row of Penmuken patoh-, 
northwest of the Clay Marl belt already referred to. I t  exten* 
from Bridgeborough, near Riveraide, to Bethel and Merchantville, 
Thie row of Pensauken remnanta lies on the Raritan formation, and, 
ia but narrowly separated from the belt fimt desoribed. Mr. Knapp 
hae made out a number of subdivisions of the Clay Marl &em, 
and fin& that the outorop of the lowermost of theae subdivisions ie 
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ewmtially ooinoident with the Penmuken free belt lying betwean that 
belt of Pamuken pabhea whioh rest on the middle and upper 
portions of the Clay Marl (New Sharon to Auburn), and the eub- 
ordinate belt on the Rnritan formation (Bridgeborough to Meohanice- 
ville). 

Certain general faota of signifioanoe in oonneotion with. the ooneti- 
tution of the Penaauken of thii part of the State, ae brought out by 
Mr. Knapp'e work, may be briefly etated. The weetern belta of 
patch-, that ie, thoee lying on the Clay Marl and Baritan beds, and 
oconpying for the moat part dividea, p m r v e  muoh befter than the 
Peneauken lying further eaet, the charaoteriatioe pooaeeeed by the 
formation further north. But even along the Clay Marl belt, the 
Penmuken undergoes some change from northeaet to aonthweat. h 
far south as Cooper's m k  (Csmden), the oharaoterietioe whiah it has 
held to the northeaet near Trenton, Hightatown, Old Bridge, &c., are 
eaaentially conatant. To thii point there is usually preeent a small 
amount of granitio material of northern origin, a small amount of 
red shale, some chert now in a soft oondition, and more o r  
leee arkoee and.  South of Cooper's oreek, the formation ae a 
whole beoomea more aandy, and the granitio material of northern 
origin eaeme to drop out, being rarely if ever eaen southwest of the 
Timber oreeks, four milee below Camden. At the aame time that 
these ohangee take plaoe, a small amount of gneiesic material which 
may well have been derived from the formition about Philadelphia, 
makea its appearanoe in the gravel. I t  ia su5oiently unlike the 
granitic material of the northern part of the Peneauken formation to 
be readily dietingubhed from it. South of the Timber oreeke, too, 
a considerable amount of vein quartz appeara, euoh aa affeota the 
Philadelphia gneiaa at varioua poiota. At the eame time that the 
ohange in the orystalline material takm place, the Triaeaic oonstitu- 
ent of the gravel aeeme to undergo a ohange, aa if it came from an- 
other and different portion of the formation. 

I t  ie worthy of note that theee ohangee ooour oppoaite the point 
where the Sohuylkill joins the Delaware. South of Cooper's meek 
the arkoee element beoomee notably leee prominent, and the aandp 
portion rather freer from earthy materials. At the eame time the 
aandy and the gravelly portione of the formation are aomewhat lege 
diatinot from eaoh other, there being rather lem of the latter and more 
of a tendency to mixtnre of the two gradee. 
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I n  lithologioal oharaotere the belt lying further ebntherret ie eome- 
what different, eepeoially in that it oontains a h q p r  amount of soft 
chert, and a smdler variety of eandetone. The former is foeeilifer- 
one, the moet abundant speoiee being paleosoio corale, and ie probn- 
bly the contribution of the Beaoon Hill formation. Like that further 
weat, it contains material from the Philadelphia gnsb,  re also mater- 
ial derived from the Triaeeio formation. I t  aleo oontains, at eome 
pointa, bowlders and smaller piem of aandetone or quartzite derived 
from the "Lime Sand" of the Cretaoeons. These bowlders are of 
epeainl intereet, inae to have attained their preeent p i t i o n  they 
mnet have been carried sontheaetward from the Lime Band outmop 
over the Upper Marl and out on to the Miooene. Sinoe the laat 
formation lies mnoh higher than the Lime Sand, thie distribution of 
the bowldere from the latter beoomee signifloant. Their position 
would seem to mean that the higher (topographioally) beds of Pen- 
aanken, lying on the Miooene, must have been dep i ted  when t o p -  
graphio relations were unlike the preeent. Further dimneeion of thie 
point ie deferred until fuller study of the areas and queetione in- 
volved hae been oarried on. 

From a lithologioal standpoint, the lithologioal variations in the 
Peneanken are anoh as might be expeoted from ita varying geographio 
mlatiois to older formations. 

South of Cooper's oreek, the sonthemtern belt of Penaanken rem- I 
manta, aa well as the northweetern edge of the continnone area 
beyond, ie considerably higher than the northweetern, eo that they 
.seem in plaas to be somewhat dietind topographioally. Thie ie 
ahown by the aacompanying eections, especially 2, 3 and 6, Plafee 11. 
and 111. The meaning of thie topographio diversity ie not at once 
evident. The baae of the Penanken in the Clay Marl belt (New 
Sharon to Auburn) riees slightly toward the southeast, aa shown by 
&ions 3,6 and 6, while in the Miooene belt (Qibbeborough to York- 
bwn)  it sometimea risea elightly to the northweet. From seutions 2, 
3 and 6 it would appear that the Pensauken might be a bifold forma- 
tion, the lower portions (a a) repreeenting one subdivision, and the 
higher (b b) the other, with an eraion interval intervening. 

The aame d o n s  might suggest another interpretation, viz., a 
northeaet-southwest fault just southeast of the belt of Peneanken rem- 
nant ,  lying on the Clay Marl. I f  snoh a fault had ocourred, and if 
the snrfaoe to the eeetward had been elevated, erosion might well 
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have removed the Pensauken from the belt where i t  ia wanting, 
Such fault shonld have shown itaelf in the displacement of the Cre- 
tsceona beda, and of snoh dieplacement Mr. Knapp has not fonnd evi- 
dence. 

0eotions 6 and 6, on the other hind, allow of another interpreta- 
tion, vie., that the Peneauken and underlying formations have snf- 
fered deformation in post-Peneauken timee, resnlting in uplift (not 
faulting) along the line of the marl outcrop (Beckleestown to Woods- 
town). The greater elevation of this belt wonld have led to in- 
creaeed eroeion along it, and so to the removal of the Peneauken, 
which, on this interpretation, must once have oovered the belt be- 
tween the two lines or eeriea of existing remnanta. Indeed, on any 
interpretation, the original oontinnity of the Peneauken acrm this 
belt m m s  certain, for occasional small remnants of it are still fonnd, 
I f  a low anticlinal axis spch ae this snggeetion wonld neceeeitate, 
really exists, acourate meaeurements of the d i p  of the varions beds 
involved, should diaoover it. Between theee various hypothews 
fdler details will probably decide. 

North of Cooper's creek, the Penaauken patches of the Clay Marl 
belt are higher than the Peneanken-free territory immediately to the 
east, bnt not so high a9 the Peneauken lying still further in this di- 
reotion. The abeence of the formation here wonld likewise appear 
to be the result of emion, favored by a d b i l i t y  to streams, rather 
than by greater elevatione. 

THE JAYEBBURQ FOBMATIOX. 

Belatively little that ia new concerning the Jameaburg formation 
has oome to light dnring the summer. I t  ie certain that such repre- 
eentation aa tbie formation may have in the sontheantern part of the 
State is rather meager or very indietinct. Whatever material ia to be 
referred to the Jameeburg muet have been derived prinoipally from 
the nnderlying beds, without the addition of mnoh eutraneone 
material. While, therefore, it ie believed to be very generally 
present, it is often difficult to dietingnieh it from the nnderlying 
formation, in the general absence of exposures, and the abaence of 
expoenrea ia the role rather than the exoeption thronghout the wooded 
portion of aontheaetern Jersey. Positive data are not wanting, even 
if too meager to be altogether aatisfatory, that the Jameebnrg forma- 
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tion ie widespread, probably nearly u n i v e d ,  in this part of the 
State. If preeent interpretations be right, the only exoeptione to ita 
preaencm are plaoes where eroeion has removed it, and euoh plncea are 
not extensive areally. 

I f  the low formatione about the coaet are to be conneoted with what 
hae heretofore beem referred to ae the " Low-level Jameaburg," ae now 
eeeme p i b l e ,  the total area of the low and high-level Jameaburg ia 
e* 

I t  ahould perhape be atsted that the exiatanoe of the Jameebarg hae 
h e m  oalled into quation at many points. Lithologioally it eo oloeely 
memblee what might be produoed from the weathering of the under- 
lying bedq that at many pointa and over ooneiderable areae, its 
exiatencm could not be affirmed on the baeie of faota there mpre- 
sented. Bnt there are various points, on the other hand, and them 
widely distributed, where the Jsmesburg formation ie repmcmted by 
a thin stratum which oould not by any poaeibiiity have been derived 
from the underlying formatione, and the certain preaence of the 
Jarneeburg in ewh place ia sufioient to oarry the doubtful areas so 
situated that they oannot have eaoaped the influence of the ageneiea 
which made the deposits about the interpretations of whioh there ia 
no doubt. As examples of the Jsmeaburg in suoh oritioal locations 
may be mentioned the capping of the iaoloted hill 181 feet high, two 
milea aouthweat of Marlton, in Burlington oounty, various d o n e  in 
the vioinity of Millvillg and eeotione in the vioinity of Fountain 
Green, Burlington county. The phenomena at them and other places 
seem to netmaitate belief in the general submergence of the southern 
portions of the State in poet-Pensauken time. 

Varions facts gathered in the great forest area of the southeastern 
portion of the State, led to the suepicion that the hrrenneaa of that 
region ie due to the preaence of the Jamesburg formation. Further 
north, it is true that the Jameaburg ie predominantly loamy. But 
the underlying and adjacent formatione from which it wae derived 
were more alayey, or more arkoee. To the southenet, where the 
fenmuken become8 more ~andy, ae already noted, ite derivative0 
mnst neoeesarily have been influenced in the aame way. I t  ia 
believed to be poesible, therefore, that the peouliar quality of the soil 
to whioh the relative barrennees of southeaetern New Jersey is due, 
may be the m a l t  of ib laat submergence. Beneath thie thin stratum, 
whioh ia o h  but two to five feet thiok, the formation in of snoh a 
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nature that it might have given rise to the uppermoat three to five 
feet, by the removal of ite more earthy constituente. 

The topography which has heretofore been foand to charaoteriee 
the Jamesburg in the regions which have been specially studied, 
seems to be wexteneive with the formation itself, though not equally 
well developed at all poiute. The speoial feature here referred to ia 
the shallow sinks. They are found in as widely separated localitiee 
ae Colt's Neck (Monmouth county), Mancheater and Toms Biver 
(Ocean county), Vineland (Cumberland county) and Alloway (Salem 
county). Furthermore, they are found to characterize the low ooaatal 
lands below the level of forty and fifty feet nearly everywhere. They 
affect the whole of Cape May county, as well ae the low oonntry 
facing Delaware bay and the Atlantic ocean. 

While i t  seems probable that the surface formation over the whole 
of the lowland from Raritan bay on the northeast to the mouth of 
the Delaware river on the southwest, are of the eame age, it eeems 
very certain that the thickness of the youngeet formatiou represented 
along the coast is muoh greater about Cape May and further weet on 
the south coast, than along the eaetern a m t ,  or along some park of 
Delaware bay. I t  would appear that the whole of Cape May, at 
leaat as far north as the Great Cedar swamp, belong8 to the youngest 
formation which is represented in southern New Jersey. No evi- 
denoe was here seen of anything above sea-level, as old as the Pen- 
eauken. On the other hand, in the vicinity of Tuckerton, and from 
there to Toms River and further north, the coaetal formatione, bar- 
ring a relatively thin superficial covering, appear to be older, though 
there may be some queation as to whether they are referable to the 
Penamken or the Miocene. Further work will doubt la  clear up 
the present uncertainty. 

The. time relations of the " high-level " and '' low-level " James- 
burg cannot be said to be as yet determined beyond question. I t  
eeems probable that the low-level areaa about the coaat, or at leaat 
their uppermost covering, corresponding probably to the " low-level 
Columbia" of the regions south of New Jersey, are very young, 
being in part contemporaueoue with the Trenton gravel, and so with 
the last glacial epoch. This would appear to be indicated by the fact 
that, along the Delaware, the '' low-level " Jame~burg is harmonioue 
in elevation with the Trenton gravel formation, with which it appears 
to be continuous laterally, and that it extends up the valleys tributary 
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to the Ddawue, at elevatione aaoordant with thoee of the Trentom 
gravel formation or ite equivalent, at the junction of the valleye. In. 
theae tribatariee the "low-level " Jameabnrg rieea grsdually with the 
valleye, and finally attains a coneiderable elevation toward the heads o f  
the more oonaiderable etreama. The relatione of the high-level 
Jameabarg to the lower have not been aertainly fixed. 

EXPLANATION OF PLATEB. . 
Platee 11. and 111. represent a seriea of sections taken along t h e  

lines a b, a d, sf, g A, iij, k I, and m n, Plate I. They are deaigned to 
ehow the topographic and etratigrnphic relationa of the Penmaken. 
The formation colored black ia the Peneanken. The numbera a t  
variom pointe along the eurfsoea of the eedions repreeent elevatione 
above aea-level. The sections also ahow the euMiviaione of the Clay 
Mad aeriee in the southweetern part of the State, and the relation6 
of the overlying etrata up to the Peneauken. 
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PART 11. 

R E P O R T  O N  

ARCHEAN GEOLOGY 
BY 

J. E. WOLFF ' .  
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REPORT ON ARCHEAN GEOLOGY. 

BY J. E. WOLFF. 

The areal mapping of the Archean area of the Highlande by the . 

United S t a b  Geological Burvey, in oo-opemtion with the State 8ur- 
vey, hae progreesed steadily since the laat report. 

The field work ie oompleted for the Lake Hopatoong sheet of the atlas 
of the United S t a h ,  ae publiihed by the United 8tate-e Geological Sur- 
vey, whioh include0 that part of the 8tste topographioal eheet of the 
4' Central Highlands " encloeed between Woodport and a little south 
of Mendham, from north to south ; and from the weet edge of Morris- 
town to Budd's lake, fiom eaet to wee- total area of 233 square 
miles, on the esme d e  of an inch to the mile. During the coming 
winter thie sheet with the deecriptive text will be prepared for publi- 
ation. 

After the completion of the above sheet, work wae begun on the 
Franklin eheet, which hss the same area, and extends between Lib- 
etyville to eouth of Sparta in a north and south direction, and from 
8tockholm to Branchville in an eaat and weat direation. The field 
work of thirty-five square milea of thia sheet hse been completed. 

By the work already done on thie part of the Franklin sheet, the 
.existence has been proved of large  area^ of eruptive granite along the 
west edge of this part of the Highlands, which extends the occur- 
rences described by Mr. Nason in the report of 1890 in the foothills 
.eset of the white limestone belt. 

The larger area so far defined liee between Franklin and Btook- 
holm, and hae been traced five milea from its northern end, near the 

Mud Pond," in a southwesterly direction, with a width of about a 
mile and a quarter; the southern limit not having been yet reached 
in the progrees of the work. 

Accompanying thie report is a paper by Mr. LewieG. Weatgate on 
the geology of the northern end of Jenny Jump mountain, in Warren 

(19) 

NEW JERSEY GEOLOGICAL SURVEY



20 ANNUAL BEPORT. 

ooanty, with .ooompnying map, which repmmta the rewlte of a 
very d o 1  and dedded study of thie arm, which ie an intereating 
one on .ooonnt of the pmmae of white limestone there, muoh like 
that of the Franklin region in Sumex oounty. I t  wilI be obeerved 
that hi oonddon ae to the rge of the white limestone here differs 
from that m h e d  in the report of 1890 for the 8- white lime- 
etonea, in that he ooneidere the Jenny Jump orystalline Iiiestonea to 
be predambrian and older than the blue (Cambro-Silurian) limeetone 
djroent to them. 

CAHBUIDQE, M-, Nov. 26th, 1895. 
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THE GEOLOGY OF THE NORTHERN PART OF 
TENNY JUMP MOUNTAIN, IN WARREN 

COUNTY, NEW JERSEY. 

BY LEWIS Q. WESTGATE. 

The following paper ie a report upon field work done in the State 
of New Jemey dnring the summers of 1891 and 1895, under the 
auspices of the United States Geological Survey, and of the Geological 
8nrvey of New Jereey. The work has been under the direction of 
Dr. J. E. Wolff, of Harvard University, to whom the writer wishea 
to expreee his thanke for advice and encouragement during ita whole 
Pw-. 

The area under consideration embracea the northern half of Jenny 
Jump mountain, in Warren county. This mountain lies along the 
northwestern border of the Highland area, and is a sort of outlier or 
peninsula reaching into the later Paleozoic rocks. h is trne of all 
northern New Jersey, the geology and topography of the area are 
closely connected. The hard gneieee~l form the mountain, and the 
softer Paleozoic limestones and shalea form the floor of the Kittatinny 
valley, from which the mountain rises. The geological boundary 
between the two rock formations is also the topographic boundary 
'between hill and lowland. The mountain is nine miles in length, 
two miles in width in its widest part, and lies, like the other ridges 
of the Highlands, in a northeaet and sonthweat direction. 

For convenience in dmiption the area surveyed may be divided 
into two portions; one, an area mainly of gneieees, forming the main 
ridge of the mountain; and the other, a smaller area of limestone, 
diorite and other rooka, at i b  extreme northeastern end. 

(21) 
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THE GNEIBSEB. 

DI8TRXBUTIOX AXD PLTBOQBAPHIOAL DWBIPTION. 

The areal distribution of the gneieeee ie ehown on the map. T h q  
are of different varieties, and ooour in northeaat and eonthwat belta, 
parallel to the general trend of the mountain. 

Gmnituid biotifahombhde-gneiss.-Thb ie a medium-ooarse grani- 
toid gneiee, and ia found in two belte, one along the northweat side 
of the mountain, with nu average width of a third of a mile, the other 
a more irregular belt on the eontheast aide of the momtain. Many of 
the outcrop are quite maseive. I n  perbap half of the ontorops of 
the first belt there ie a more or lese dietinct banding. The average 
of the etrike and dip of the banding in thoee outcrop ie : strike N. 
60' E., dip 66' 8. E. The terms LLdip" and 'Lstrike" a k  u d  here 
and elsewhere wholly independently of any theory of the origin of 
the banding in the gneiee. This banding may be the m o l t  of d i -  
mentation, or, re seems more probable, may be a eeoondary structnre 
produoed by dynamio metamorphiem. The same terme may be oon- 
veniently ueed to deecribe certain geometric relationa in mka ,  whether 
the relations are thoee of eedimentary beds, or of parallel bande of 
eruptive rock. (Of course the value of the obeervatione would be 
very different in the two casea.) The dip ia always to the aoutheaet, 
the different meaaurementa varying between 60' and 80°. The rock 
of the eoutheast belt ia more maaaive. 

Microscopically thie rock is a medium- ooarae. grained, lighbcolored, 
ofben brown, granitoid gneiee, of uniform ahanroter. I t  oonaieta prin- 
oipally of feldspar and quartz, but oontaina abundant hornblende and 
biotite, neually ecattered irregularly through it, though eometimee 
showing a more or leee parallel arrangement. I n  eome outmope the 
hornblende ia the more abundant, in othera the biotite. The rock ie 
a biotite-hornblendagneies, and either mineral may l d l y  prevail. 
I t  neually weathera to a charaderietic brownish, crumbling rock. I n  
many placea the grain becomes ooarmr and the m k  asenmea the ffoies 
of a pegmatite. I n  a few areee i t  ie finer grained, and a p p r c d ~ a  in 
oharacter the pyroxene gueiaa deaoribed below. 

At aeveml pointa to the northwest and eouth and eouthenat ef 
Davie mine, the gneiee ie garnetifmue. The p e t  OCQUL~ in emall 
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irregnlar mresee saattered through the rook, and ie especially notioe- 
able on the weathered snrfaoe, showing re reddieh-brown pabhes and 
dote againat the lighter rook. I n  mme outorope the g n e k  ie in part 
garnetiferom and in part not. Gtarnet ie eepeoially abundant, and 
mure in larger patches, in the irregular maeeee of ooueer pignarrtite 
which are found in theee outcrop. Thie gnmetifmm gneiee mme 
to be a loco1 variation ; it cannot be traced for any dietsnm rrs a defi- 
nite horizon. 

Mioroeoopically the rook ie a medium-marae gneies. P d e l  
etmdnre of the minerals is almoet wholly wanting, being only f i t l y  
developed in a eingle elide, where there is an obeanre parrrileliem in 
the biotite flakes. Quarts and feldapar are the predeminating min- 
erals. Of the feldapare, m b l i n e  ocaura in all the alidee, and is 
the most abundant mineral in each. Mimperthite in abmdant. 
Orthoclase m u m  frequently, and plagioolaee infrequently. The 
gneiae of the southeastern belt containe more of the orthoclase and 
plagioclnee, and leee of the other feldspars, than the northern belt. 
Qnartz occurs in irregular graine, and ss rounded inclmions in the 
feldspar. Biotite and hornblende are preaent in the rock, the former 
in the greater abundance. .Brown biotite ia ecattered through the 
rock in irregular flakea which show no parallel stmcture. The horn- 
blende occurs in scattered irregular grains, which show no develop 
ment of crystal fa-. Apatite and magnetite occur as acixmries. 
Green monoclinic pyroxene ie preaent in a single eection. The rock 
in a t y p i d  g n e h  in the irregularity of the different minerals and 
their lack of crystal boundaries, and in the common mutual inclu- 
sions of the different m i n d ,  especially quartz and feldspar. 

Ban& of dark hornblende gneiss occur within the area mupied by 
thie gneim, but they will be treated more fully below. 

Hornblen&pyroxew~.-This rook ocmra in a northeast and 
eoutbweet belt, forming the main axie of the mountain. Thia belt 
hae a breadth along the middle of the mountain of frbm 1,300 to 1,400 
feet, but narrow8 eomewhat at the north. 

The rook in a light-oolored, mually 'greenish,' medium-grained 
gneiee. I n  many outcrop it is mrreeive, but in the greater number it 
ie more or lese b d e d  ; often codbpicuooeiy e6 &em kbrnblade rook 
or pegmatite are preeent. I n  many casm bands of dark homblendio 
rock are the only evidenm of bnnding foand in the outcrop, and in 
ouch aaees the dip and strike of the bnnding have been taken from 
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theea If  theee dark bands are, re aeeme probably, of eruptive origin, 
auoh meseummenta would not nee-ly be the true dip and atrilre of 
the r o c k  In that oaee their general parallelism .is prohbly oon- 
ditioned by their following banding planea of the gneim. 80 that the 
plane of these hornblendic aheeta is probably in moet orsee that of the 
banding of the gneies. Wherever there is banding of the gneiee in I 

the same outcrop with the hornblendio bande, the two are p d e l .  I 
The etrilre averages N. 60' E. The dip is alwaye to the eouthweat, 
between 40' and SO0, usually about 70'. The p m d  direction of 

i 
the strike re mapped coinuidea with the d i r d o n  of the gneim belt. 

Miomeoopically, the rock ooneiata prinoipally of feldapar and 
i 

qnarte, with hornblende or pyroxene, or both. Both plagioclaee and 
orthoclase feldepara omr ,  the former in greater abnndanoe. Mioro- 
line ocoore sparingly, never ae the principal feldapr. Mioroperthite 
ia abeent. Quartz ia usually preaent in abnndanoe in irregular grrine, 
and ae rounded inolueione in the feldepar. Hornblende and pyroxene 
m a r ,  often very abundantly. The pyroxene oooum on the whole 
more abundantly than the hornblende. Biotite m u m  d y ,  in 
emall amounta. Thwe colored conatituenta oocur in irregular grains, 
and rarely develop cryatal p h a .  Titanite, magnetite, and apatite 
oocur commonly, and aometimea abundantly, as acoeeeory minerals. 
Of them, titanite ia perhap the moet common. In many hand-apeci- 
mene it may be seen, even by the naked eye, as numeroue small, 
rounded, brown grains. The atrnctnre of the actions ia typically 
gneiaaic. The minerals have the irregular boundaries charaotariatio of 
gneiss, and mutually encloee one another. 

Under the microecope, the rock alwaye appeam maseive. Them ia 
no evidencw of banding, and little or no parallel arrangement of the 
hornblende or pyroxene. 

There are three well-marked varietiee of this gneiss, depending on 
the preeence, character, and abundance of the dark-colored silicatea : 

1. White or feldepathic gneiee, in which there are no primary dark- 
colored eilicatea ; 

2. Hornblende-gneiee, in whioh dark-green monoclinio hornblende 
prevails ; 

3. Pyroxene-gneiae, in wbioh light-green monoclinio pyroxene ie 
moef abundant. 

Of the% three v u i 4 a ,  the fist ia lem aommon. The asood and 
third occur with about equal frequency. Sometima biotite is preeent, 
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but rarely in eu5cient quanlity to make a typical biotite-gneiss. 
Theae three varietia grade into 4 other completely. There appear8 
to be no regularity in their distribution throughout the belt in which 
they occur. 

There appear0 to be a dietinct mineralogical oontrrrst between the 
granitoid biotite-hornblendegneiee firat described and thia rock. In  
the former the prevailing feldapar apecia are microcline and micro- 
perthite ; hornblende and biotite occur in about equal abundance, and 
pyroxene ia almoet wholly wanting. I t  ia ooareer grained, more maee- 
ive, and weathere readily to a brownish d e a o m p d  rock. In the 
latter, plagioclase and orthoclaee are nearly alwaya the only feldepm 
pmmt, microcline oocnrring only ooeasionally and in emall infre- 
quent grains ; pyroxene ia the moet common dark-colored constituent, 
hornblende is next in abundanoe, and biotite occurs but rarely and in 
emall amounta. The quite general preaenoe of titanite re an mcemory 
ia also chamotarietio of thie rock. I t  ia finer and doe3 not weather in 
a c u t i o  manner, like the gneiea firat deecribed. 

The pyroxene gneiee liea next the w4stern band of the biotite-horn- 
blendegnek, but does not approach the eaatern band. The bonnd- 
ary line between the outmope of the two has been traced in nearly a 
atraight line for over three miles ; eo that it is clear that we are deal- 
ing with two belta of rock, and not with two varieties of one rock 
which ooour irregularly throughout a single belt. No outcrop ahow 
the two rocke in aharp contact. Near the boundary line the biotite 
hornblende-gneke ia eometimea seen in the field to approaoh the 
pyroxene-gneiea in character ; and it is probable that the rocka of the 
two belts grade into each other at their contact. 

Biotitc-gneiss.-Immediately southeast of the hornblende-pyroxene- 
gneiaa jnet deaoribed liea a comparatively narrow band of gneim lese 
than 600 feet in breadth. I t  runs parallel with the other gneiss belta, 
and agreee with them in the dip and atrike of its banding. Thie 
gneiae is a medium to finegrained, generally light, but sometime 
dark- colored, biotite or biotite-hornblende-gneiss, and in the outcrop8 

I . ie u d l y  banded. In microampic seotions it is seen to be mainly 
amposed of feldepsr, quartz and biotite. Both plagidaae and ortho- 
clase are preaent, and in nearly cqual abundance. Microcline occura 
in one elide in small graine. Quartz ia commonly present in k g u -  
Jar p i n s ,  and ae roeoded inclneions in the feld~par. In  typical 
epecimem of thia rock, brown biotite is the only primary adored 
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oonetituent preeent. Magnetite and apatite ooour M mmeoriee. The I 

rook atrndnre ie typically gneieeic, and banding, althongh eeen in the 
field, and eometimee even in hand-epeoimena, ie notioeablq miom- I 
eoopically, in but a single slide. 

At eome localities the rock is a 'garnetiferone biotitsgneies. The I 
garnet ie of a reddiah-brown color, and oooum mattered throngh the : 

gneiee in small irregular maesea, which ueually hold more or leea of 
the other minerals of the rook ee incltwione. 

Along the oontaot between the biotite-gneiee and the hornblende-. 
pyroxene-gneiee deaoribed above, there are, in eome plsoee, alternating 
bands of the two, indicating a gradual traneition from the one to the 
other. 

Theee three varieties of goeies which have been deeoribed, while 
showing oonstant minor differenma, are all alike in certain important 
petrographical charaoteriatica. They are light-colored rocks; in whiob 
the feldspar and quartz are the prevailing, in eome oasee the only, 
minerals; while the dark-colored silicates play a subordinate part. 
They show a more pronounoed gneiasic micro-struoture than the rocke 
to be described below. Further, they are ueually maeeive, or only 
faintly banded. A banding may be noticeable when an outcrop ae a 
whole ie examined, but hand-specimene rarely, and microeoopic eec- 
tione almoet never, ehow it. They are massive, typically gneiseict 
acidic rooks, and are sharply marked off from the more basic, horn- 
blendic rocke which follow. They may aleo differ from them im 
origin, but of that it is not poeaible to epeak with certainty. 
Dark biolitshomblmde-gn&n.-This is a dark, ecimetimes black, 

usually well-banded gneise, in which hornblende largely prepon- 
derates, although biotite is common but leas abundant. It oocurs in 
two large and several emaller areae. The largest of these occupiee 
the depreeeion between the high weatern and lower eastern ridge of 
the mountain, and can be followed along the whole northern part of 
the mountain, parallel to the other gneiea belts. I t  ie along thie belt 
that the mines in this region, beeidee many small proepeoting open- 
ings, are looated ; none of thew iron mines are now worked, with the . 

poeaible exoeption of the Kiahpaugh mine, whioh ie outside of the 
area surveyed, bat is probably looated on the muthweet extension of 
thie belt. 

A eeoond important belt occnra along the eaet side of the north end 
of the mountain, between the -tern band of gnrnitoid biotite-horn- 
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blende-gneh and the cryetalline limestonee. Beveral amdler band6 
oocur in different parte of the main maae of the mountain, re may be 
eeen from the map. The description of the rocks, lithologically identi- 
cal with theee, which are seeociated with the limestones in the low 
hills eaet of the north end of the mountain, will come later. 

The rocke of the firet belt will be first deeoribed. They are beet 
ehown along their eastern border. As already indicated, they am 
typically dark, sometimes blaok, rocke, which ueually are well banded 
in their outcrop, and with these dietinutive characteriatica the belt 
can be traoed almost uninterruptedly through the whole northern half 
of the mountain. The uaual atrike of the banding ie N. 50° E.; the 
dip, 60° or more 8. E. North of Davis mine the direotion of the  
belt ae a whole, and of the banding, becomes more northerly. 

Microecopically the rock ie seen to be composed of feldepar, dark- 
green monoclinic hornblende and, lees abundantly, biotite. Both 
plagiocleee and orthoclase feldepars occur, aometimee in equal abund- 
ance, but plagioclase often preponderating. Quartz may or may not 
be preeent; when present it ie usually in small amounts. Mqnetikt 
and apatite occur ae eccessory conetitnents. Magnetite ie eometimee- 
quite abundant, ae might be surmiaed from the many openings for ore 
along the belt. The rock is maeeive, the banding which ie clearly 
wen in the outcrop not being recognized microecopically. The min- 
erala are allotriomorphic, showing usually a polygonal granular faciee- 
which ie not eeen in the lighter colored gneieeea of the region. 

I n  paeeing weetward acroee thie belt, near the northern end of the 
mountain, the dark or black hornblende-gneias pa- gradually into 
a greenish well-banded gneiss. Thie variety hae not been etudied 
microecopically, but examination in the field indicatee that it io 
eimply an altered form of the hornblende-gneies, and that its green 
color ie due to the development of large amounts of eeoondary epidote, 
bands of which, parallel to the rock-banding, ehow conspicuonely on 
the weathered eurfaoe. The feldepars have generally a red color, eo 
that the rock hae a red or green shade, according a9 the feldepar or 
hornblende prevailed in the original rock. Often where leee altered 
the rock ie a dark gneies, eimilar to the hornblende-gneiag eaet of it ; 
and it ie here regarded aimply ae a variety of the dark hornblende- 
gneiss. Theee two gneieeee, the black and ite brighter wlored variety, 
can be traced for a coneiderable diehoe in their rapedive poaitione, 
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both north and south from the old d v e r  mine, where they ahow moet 
dbtinotly. 

Further south, along the middle of the mountain, in probable con- 
tinuation of thii belt of weathered hornblende.gneies, the m k e  are 
much-weathered medium-grained g n k ,  ooneisting principally of 
plagimlaee and orthoclaee feldspar, with biotite and hornblende m 
dark-oolored silioatee, and, leee commonly, augite. The m k  structure 
is more typically that of gneiea They are mapped here, however, 
with the dark hornblende r m h ,  because they lie in the eouthern 
sxteneion of the belt of greaniah weathered m k ,  whioh eeems to be 
simply sn altered hornblende-gneiss, beoauee they are much weathered, 
Jike the ool~~~pooding rooka furthez north, and beoauae there are not 
enough outcrop to ahow that there ia a dbtinot belt of m k a  between 
&he dark hornblende-gneiae and the biotite-gneim to the weet. 

For half a mile at its north end the steep eaatern face of the moun- 
tain is oovered by a dark or blaok medium-grained hornblende- 
gneies, whioh ia continued aa a narrow belt to the extreme north end 
of the mountain. It liee between the coarae granitoid biotibhorn- 
blende-gneiae on the weet and the crystalline limeatone. on the east, 
except where it runs beneath the alluvium of Pequeet meadows. The 
rock waa not examined microsoopically, but to the eye it ie not differ- 
ent from the dark hornblendic gneiaa already deecribed. The strike 
s f  the banding is a little eaat of north, agreeing with the direction of 
the belt aa a whole; the dip is 40' to 60° E. The slope of the 
mountain is here steep toward8 the east, nearly aa steep as the dip of 
the banding of the gneiae; so that the gneiss band probably ie not aa 
thick ae the mapping would seem to indicate, and may only form a 
cover to the eloping mountain side. 

Several smaller bands of thia dark biotite-hornblende-gneiw are 
indicated on the map. Two of these occur within the western band 
of granitoid biotite-hornblende-gneiss; a third occurs just w e t  of the 
-tern band of the same granitoid gneiss, south of the Stinson Mine. 
I n  each of these the rock agreea both in field and microsoopic charac- 
ter with the rocks of the larger area9 already described. The dim- 
tion of the belte a9 a whole, and the strike of their banding, is parallel 
&o the other larger gneiss belta. 

Two other outcrop which are mapped aa dark hornblendegneieees 
¶quire special mention. These ooour eaat of the limeatone, along 
the middle of the mountain. I n  the northernmoet of theee two out- 
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crope, the rock is a well-banded gneies, eomewhat varied in oharacter. 
I n  plaoea it ie a green* weathered basic rock ; again it is a greenish 
hornblende-gneiss, with some green pyroxene, and the polygonal- 
granular facies characterietio of the dark hornblende-gneieeee already 
deecribed. A little more than a mile southweet, where the mad 
c r m  the limeetone, the rock east of the limeetone is a greenish well- 
banded rock, which the microecope shows to be an aggregate of quarts 
and epidote graina. Weathering hae completely obscured the original 
character of the rock; but it ie not improbable that it was a b e i c  
hornblende-gneiea, like the rock just demribed ae occupying a corre- 
eponding position eaet of the limeetone to the northeast, and whioh 
has undergone a procees of alteration similar to that suffered by the 
dark hornblende-gneieses of the first belt described. The banding of 
the gneiss at these two localities d i p  to the northwed, apparently con- 
formable to the limeetooe weat of it. 

Rook aeeooiated with the p red ing  piesee.-There are eeveral 
different rock varietiee oocurring in the area occupied by thew 
gneie~ea, which deeerve attention. 
1. Pegmutita-Thie is essentially a ooarse mixture of feldspar and 

quartz, usually with more or less green monoclinic hornblende, an& 
often with considerable amounts of magnetite. I t  oocum in irregu- 
lar patchea and in dike-lib msssee. Often the pegmatite oocurs in 
long, narrow bands, or lenticular massea, parallel to the banding of 
the gneiss. There is then nothing, except perhaps the sharpness of 
the boundary between the gneiss and theae bands, to indicate that they 
are not regular membera or bands of the gneiee, of eomewhat differ- 
ent lithological compoeition from the mt, and ooarser grained. Often, 
however, they may be aeen to cut the gneiee irregularly acroaa the 
banding. I n  that caee they are clearly of later age than the gneiss. 
The material in them dikee ie alwaye massive, and never suggests a 
vein origin for the rock. The bands parallel to the banding in the 
gneiss do not diffm from the othere except in direction, and are con- 
sidered to have a similar origin. We may therefore class them ar, * 

eruptivee. 
Theae pegmatite bande are preeent everywhere in the gneiee. Along 

the eastern border of the biotite-gneies, between it and the dark horn- 
blende-gneiss, white or red pegmatite ie developed more abundantly 
than in any other part of the field, forming a broken band sometimes 
many feet in width. 
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9. +doh &.-The large ameunt of '' epidotization" to whioh 
mme of the dark h o r n b l e n d e p e ~  have been eubjeoted, has already 
been mentioned. Apprently it multa here from the demmpoeition 
of the hornblende, or from the internotion between hornblende and 
plagioolam; both of these original m i n d  being much weathered. 
Bande and pahhea of greenish rook, rioh in epidote, ooour very fre- 
quently in the pyroxene-gneiee. Theee bands are generally but a few 
inohee in width, and re o b n  cut the banding of the gneiee re mn 
parallel with it. They appear to be veinlike in their nature. Some- 
timea they are - wholly greenish, fine-grained aggregates of epidote ; 
at other timee these veins are mainly quartz, with a border of epidote. I 

Under the micromope thia rook is eeen to be oomposed wholly of 
quartz and epidote. The quartz ooaurs in extremely irregular, inter- 

I 
I 

looking g-, with a wavy extinction, and looh like vein quartz. I 
I 

The epidote ie preeent in large quantities in graine and granular I 

aggregatee, and probably multe from the deoompoeition of the 
pyroxene in the encloeing gneiee. Theee epidote bands are then the 
filling of oraoke by depoeita of eilica and eeaondary epidote, derived 
from the decay of the pyroxene, and pomibly also, in part, of the 
feldspars, in the gneise. The feldepr ia, however, ueually freah. 
Pyroxene oocura abundantly through the peiea, and ia very gener- 
ally more or leas weathered, resulting in the production of secondary 
minerale, often in large amounte, prominent among whioh ie epidote. 

9. Amp1ciboZitcs.-The large areae of dark or black hornblendic 
m k a  have already been described. Besidee thew larger areae, nar- 
row band0 of dark, granular hornblendio rock are very common in 
the different gneieeee. They ooneiat ementially of an aggregate of 
dark-green monoclinic hornblende and plagidaee, but sometimee 
aontain biotite. They form long and narrow h d a ,  generally parallel 
fo the banding of the gneiee, their width being nenally from one or 
two feet down to a few inohea. In one caee the band ia iteelf banded. 

Lithologioslly these rocke are not different from certain hornblendic 
, rocks at the north end of the mountain, some of which are ehown 

to be eruptive by their field relatione, and which will be deaoribed I 

later. Their general arrangement parallel with the etrike would 
aeem to indioste that they are interbedded p& But ae an eruptive 
rock would follow the linea of weakneea in the rock into whioh it wae 
injected, and ae them linea or planea would be, other thin@ equal, the 
planes of banding or lamination, it aeeme that thia apparenly inter- 
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bedded arrangement would be the one moet likely to ooour in cam the 
hornblende rock wae an eruptive throagh a previody banded gnek. 
While then there ie no demonetrrble evidenoe that theee hornblendio 
bands in thii part of the mountain are eruptive, thii oonsiderstion, 
in  oonneotion with the oooarrenoe elmwhere of likhologioally mmi- 
lar mka whioh are known to be eraptive, -inolinee ue to auppoee that 
such is their probable origin. Similar r o h  have been deeoribed 
from many other oryntdline a m ,  under the term "hornblende- 
gneiee," L L  diorite-eohieh" " amphibolitee," and " metamorphio dio- 
ritee," and have been @ed by geologists re of ernptive origin.* 
By Cook t they were oonaidered ae true gneieees and metamorphoeed 
sedimentary beds. By Britton 1 they were conaidered metamorphic, 
where omrring in layers padel to the banding in the gneiss. By 
Wolff 5 eome similar mcks in New Jersey are conaidered eruptive, 
while it ia held nneafe to aseign a common origin to them all. But 
similar rocks are also dcsoribed by the game writer 11 from M d u -  
eefta and Vermont, where they are generally parallel to the banding of 
the d ie t s ,  bat in some caees cut it obliquely, and all am referred to 
an ernptive origin. 

4. Diaba8e.-Diee of dark, compaut, fine-grained d i a h  occur 
in several places, cutting both the gneieeee and the limeatonee, and the 
gneiseic and hornblendio rocks associated with them, at the north end 
of the moantain. b e  the largeat of theae dikea cute the gneimea 
which have been deaoribed, they may ae a whole be mneidered here. 
The largeat dike is fifty feet or more in width, and can be followed 
for a mile and a half in a northeast and eouthwest diieotion. I t  was 
found on the weat side of the summit, near the eouthern edge of the 
area mapped, and traced thence down the faca of the hill to a point 
one-third of a mile northeast of the Stinson mine. I t  may extend 
beyond this point, but wae not traced further. The m u m  of the 
dike ie nearly straight, and it does not often give off branchee into 
the surrounding gneies. At one or two yointe, however, it does, and 
in one instanoe wm seen to include a " horse " of gneiss several feet 
in length. Long diabam dikee mar outthg the limestone and 

*Van H i i  Bulletin United Statea Geological Survey, Archean and Algonkim, 
page 384. 

t Geological Survey of New Jersey, w i o u s  reports. 
f Geological Survey of New Jersey, Annual Report for 1886, page 104. 
4 Geological Survey of New Jemey, Annual Report for 1893, page 363. 
1 Mon. XXLII, United States Geological Survey, Geology of the G m n  Moun- 

tain~ in M d u n e t t s ,  page 66. 
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aeeociated mcke at eeveral pointa at the northesetern end of the 
mountain, as ehown on the map. They oat both the limeatone a d  
other m k e  in an eaet-northeast direction. Throughout thie northern 
limmtonediorite area emaller dikea of d i a b  are of fieqaent oocura 
renoe. 

Mioroeoopioally the rock ie a typical diabaee. Plagioclaee m u m  
in large rectangular priame, eeveral timee longer than broad. They 
are permeated with eecondmy mwoovite and granular prodnote, 
Colorlem monoclinic pyroxene m r a  throughout the elide in irregu- 
lar p i n e  and cryatalloide. I n  many oases it ie weathered to a green- 
ieh chlorite, with other earthy deoompoeition prodaote. The plagio- 
olaee and pyroxene oocur porphyritically developed in a finer grained 
ground maee coneieting of an interlocking aggregate of prieme of 
pyroxene and feldspar, in which lie granular maeeee of pyroxene and 
magnetite. 

I n  micmcopic charaoter these d i a b  reaemble the Triaeeic dia- 
bases of New Jemy and Conneoticut. They are the young& rocke 
of the Highland area, for they cut all the other mke. I t  ie probable 
that they are of the eame age ae the eimilar d i a b  occurring in the 
Triaseio rocks to the eaet, although there ie no proof of thie, in the 
region under dieoumion. 

The intrueion of these diibaeee doee not appear to have metamor- 
phoeed the rode through whioh they pas,  to an appreciable extent. 
The other rocks ehow no alteration at their oontaot with the diabaee 
dikee. The diabaae oannot. be ooneidered an agent in the metamor- 
phim of the white limestone, but wae probably i n j d  into it after 
it had beoome thoroughly oryetalline. . 

6. C4yutaUine l i W . - A t  mveral placee crystalline limeetone 
occurs in cloee association with the dark hernblendio gneieeee alrvady 
described. These will be considered in detail below. 

Qmmal aharder of the gn&a.-The general character of the 
gneiseea of the main part of the mountain (with the exoeption of the 
dark hornblendic gneimea) ia markedly p i t i c .  H. D. Rogers,* in 
1840, described the cryetallines of the New Jeraey Highland8 aa 
" coneiating of gneies under all ita forms, tbe granitoid variety pre- 
dominating. Innumerable emall veine of feldepathicgranite, eyanite, 
greenetone, &c., penetrate the gneiee. M i a  is deficient, the ueual 
mixture being either feldspar or quartz with a little mica, or tbeee 

*Summarized by Van Hise, Bulletin United Stah  Qeological Suwey, Arch- 
and Algonkian, page 399. 
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minerals with an exceas of hornblende, and hornblende and magnetic 
oxide of iron, the latter being so abundant ae to be a characteristic 
constituent. The maeaive granitoid gneiesee of the Highlands are in 
striking eontraet with the gneiss belt of New York and Staten Island, 
which is distingniehed by a schietoee' structure or the thinly bedded 
character of ordina ry gneiae." This deecription applies perfectly to 
the limited area under consideration. The gneieeea are granitoid, and 
generally mmeive. Hornblende is the most abundant of the dark- - 
colored silicates present. The gneisaea are cut by messes of peg- 
matite, diabaae, and hornblendic gneiee or amphibolite. There is a 
conspicuous absenoe of schietose rocks of a11 kinde. There ie an 
equally noticeable abaence of that crumpling and contortion of the 
banding of the rock which characterizes crystalline rocks in many 
places; ae for example, in the crystalline area of Weatern Maaea- 
chuaetts. The banding in single outcrop and over wide area ia very 
uniform. There is ti general northeast and southwest strike, and an 
almost universal dip of 60' to SO0 8. E. 

THE ORIGIN, BTRUCXWBE AND AGE OF THE GXEIBBEB. 

The origin of the gn&cs.-Very little can be said to be known 
about the origin of theae gneieees. When the lighter oolored feld- 
spathic varieties are studied micmmopically, no evidenoe can be found 
that they are of detrital origin. Examination in the field throw8 
little light upon the problem. The uniformity of their banding in- 
dicatea, poesibly, that i t  ie a aecondsry etructure. At any rate, the 
mere presenoe of banding in the gneiss ie certainly no-proof, perhap 
not even an indioation, of sedimentary origin ; for banding in gneisaee 
hm been repeatedly shown to be of eecondary origin. On the other 
hand, the msssive character which some of the granitoid gneiee a4 
sumee, euggeste an eruptive origin, and that a part at leaet of the 
gneiae ia a metamorphoeed granite. 

The origin of the dark hornblendic gneiaeea is equally a matter of 
conjeoture. They occur interbanded with the other gneiesee, ae if all 
were conformable members of one aeries. Their banding also may be 
a secondary structure. They agree in lithologicill character with cer- 
tain dark banded hornblendic gneieses associated with the limestonm, 
and which will be described below; and there it3 reason to believe 
that some of these hornblendic gneisaes associated with the  limestone^ 
are of eruptive origin. But it would not be safe, for this reaeon, to 

3 
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conolude that all the areas of da+k hornblende-gneb are eruptive. 
For the preeent we uan only epeoulate ae to what the origin of them 
gneieeee may have been; the faob are not yet known which will 
enable ne to aettle the problem-perhape they never will be. 
Th sttwture of the g-.-From what hss already been aaid 

conoerning their origin, it will be inferred that no strnoture hae been 
made out for the gneieeee on Jenny Jump mountain. I f  they ehowed 
etmohue-definite horizon8 and beds thrown into folda-the eedi- 
mentsry origin of the tseriee would naturally be inferred. The 
g n e h  ocour in northeset and eouthweet belta, whioh for the most 
psrt ran parallel to enah other along the whole length of the mount- 
ain. Borne of them diffaeot bands are of the eame lithologid ohm- 
aoter. I t  hee not been poeeible to trace into each other any of theee 
different belts whioh agree in lithologiaal oharaoter. A general north- 
eaet pitcih of the roake of the Highland a m  h ~ e  been noted by vari- 
one writere; and if theee eimilar belte of rook' are the same band, in 
diierent p r t e  of a northward pitching eynclinal or anticlinal fold, 
they ehould swing around and join, either on the sonth or on the 
north; but they do not do thie. When traoed to the north end of 
the mountain they continue parallel until they disappear below the 
later blue Paleozoic limeatone. I n  epite of inability to connect any 
of the different belts in the field, upon the eupposition that they are 
parts of the Eame formation, it would be poseible to invent eynolinee 
or anticlines to explain their reourrenoe and their relations to the 
other rocks. To do so, however, would be uselem, ae the facts are 
-thg to support any each theory. 

I t  may be noted here that little help can be obtained in deoipher- 
ing any poseible system of folds in thee  gneiseee, from minor plica- 
tione (a method whioh hae been of great value in the etudy of the 
cryetalline rocks of Weetern Maeeachusetts) for such a eyetern of 
emaller eeoondary and tertiary folds superpoeed upon the larger folds 
of the region is wholly wanting here. 

The only published amount of a definitely determined structure in 
the Highland gneieeee of New Jersey, ie the fold ooourring in the 
Hibernia region, which hae been deecribed by Dr. Wolff.* 

Two cross-seatione, one acroes the middle, the other acrose the north 
end of the mountain, are here inserted, to show graphically the rela- 
tione of the gneisaes and limeetones. The eeoond and more northerly 
of the two is extended eaetward to cross the ares, mainly of l i m e  
stonee, which will be deecribed below. 
- 

*Geological Survey of New Jeraey, Annual Report for 1893, The Geological 
Structure in the Vicinity of Eibernia, N. J., page 369. I 
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Age of the gruMsis &8.-These rocka have always been referred 
to the pre-Cambrian e e r i e t o  Primary, Azoic, or Archean, accord- 
ing to the nomenclature in nee at the period of writing. I t  ia the  
uaage of the United State0 Geo1og;iorl Burvey to reetrid the term 
M e a n  to the m a t  ancient crystalline rocks whioh formed pert o f  
the original cruet of the earth, and which underlie and antedate the 
oldest sedimentary rooks; and to claseify as Algongian all aedi- 
men- make up to the baee of the Cambrian.* While the preaencer 
of limestone belts aloaely d t e d  and perhap interbanded with 
them gneieeee, and of magnetio iron ore, euggeata a detritd origin for 
a part at leaet of these rocks, at preeent there ia not suMent  evidenoe 
to refer them oertainly to the Algonkian. They muet be OM 
simply as pre-Cambrian. 

T H E  WHITE OR CBYBTALLINE LIMESTONE 

DIBTBIBIJTION AND PETBOQBAPHICAL DEBCBIPTION. 

The oryntalli~ limesfone along the sou(lica& border of the mountairr, 
-The most eoutherly outorop of white or crystalline lirneetone ie a t  
a marble quarry jaet eouth of the road from Hope to Danville, near 
the bottom of the map (Map 1). I t  ia here a pink, ooareely aryetal- 
line, nearly maeeive rock, holdiig abundant b i o  impuritiee, princi- 
pally pyroxene and biotite, whioh are often colleoted into dark-green 
or black aggregstee of coneiderable size, and do not appear to lie in- 
planes cormponding to the banding planea of the limeetone. T h e  
banding of the limestone is very faintly developed, and appeam to be : 
strike N. 2 7 O  E., dip GO0 N. W. Eaet of the limeetone ie a finely 
banded quartz-epidote-gneiss, the banding etrikiing N. 60° E., and 
dipping 60' N. W. No outcrop are found weat of the limestone, ae 
the rocks are here concealed by drift. The gneiee and limeatone. 
are not seen to be in contact, but the banding of the two is nearly if 
not quite parallel, and the indications are that we .have here a lime- 
atone interbanded with gneieees. 

About onesixth of a mile northeast of the marble quarry (Map 2), 
openings for ore expoee the limestone a eeoond time. This exposure 
eeems certainly from ite position to be on the northeast exteneion of 

*Van Hise, Bulletin United States Geological Survey, Archem and Algonkian,. 
page 414. 
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&he marble quarry bed. The rock is a white or reddiah crystalline 
3imestone, not very coarse. I t  contains large amounts of baeic im- 
purities, sometimes oollected into maeaes of considerable size. Theee 
basic portions are eeen under the microsoope to consist of green mono- 
elinic hornblende, nearly colorless monoclinic pyroxene, biotite and 
.magnetite, and, in leee amounts, qnartz, tourmaline and apatite. 
Much of the limestone contains small masses of quartz. Under the 
microscope the quartz is seen to occur in irregular grains with a wavy 
extinction, or as aggregates of such grains; and there is nothing to 
auggeet that they are of detrital origin. They are probably eecond- 
ary, perhape of metamorphic origin. This quartz-bearing limestone 
was found abundantly in the limestone debris near one of the open- 
inga, bat was not eeen in &. The banding in the limestone was not 
distinct. I t  was taken to be: strike N. 30° E., dip 70° N. W. 
There is no outcrop of gneise on either aide of the limestone at thii 
locality. 

At the bottom of the deepest shatt a baeio dike-like band, six 
inches in thickness, cute the limestone in the plane of the banding. 
The rock consiste principally of pyroxene and feldspar. Green mono- 
.clinic pyroxene occurs frequently in irregular grains. Titanita is 
Jmoet  as abundant. An ontwinned feldspar, probably orthoolaae, is 
the principal mineral constituent. Magnetite and apatite occnr ae 
8ccessoriea. The rock belongs to the gabbm family, though the 
presence of orthoclase in such a rook is hardly normal. I t  hag the 
.granular structure characteristic of the b i c  eruptive rooke of the 
region. 

A few hundred feet to the northeast limestone again outerope. It  
is here a white crystalline limestone, containing irregular masses of 
quartz. There is no banding in the limestone, and no contacts are 
seen. This is clearly an extension of the limestone of the two previous 
outcropa There are no gneisa outcrop on either side of the lime- 
stone & this point. 

Another outcrop of limestone occurs eaet of the road (Map 3), on 
a small hill three-quartera of a mile northeast of the marble quarry 
ontorop. It is a gray orystalline limeatone, holding much basio 
material. It  is well exposed in a cutting at the north end of the hill, 
where i t  is a white limestone especially rich in garnet. The band- 
ing  of thia limestone strikes N. 60' E. and d i p  bOO N. W. Uneiea 
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oomun to the northweut, dipping ateply N. W., but no contaot ie 
men. 

Half a mile further to the northeaet of the rod  ie the laat outmop 
of limestone before coming to the limeatone region at the north end of 
the mountain. The rock ie a gray or white crystalline limeatone, 
with little impurity. There are some grains of pyroxene, moetly de- 
oompoaed to eerpentine and other produota. It is banded : strike N, 
46' E., dip 40' N. W. To the eaet there is a finely banded horn- 
blendic gneiee, with dikes and larger ma- of i n m e  pegmatite. The. 
gn&e ehowe strike N. 42O E, and d i p  nearly parallel with the band- 
ing of the limestone. No contaot can be seen between the g n e k  
and the limeetone. 

Thew different outorope appear to represent a continuow northeaet 
and eouthweet band, 300 to 400 feet in breadth, running along the 
mutheaet aide a f  the mountain, whioh aan be followed by mama oE 
these eeparate outmope for a mile and a half. Within this d h c 8  i t  
faile 60 appear only where the edge of the mountain retreats, and the 
alluvium w n d  the probable continuation of the belt. In moet 
oaeee where the topography malrea it yoeeible, gn& oooura on the 
eaet of the limestone, dipping as it appeare, oonformably under it b 
the northwest. One limeatone outcrop is euooeeded on the west by a 
northweat dipping gneise. Weat of the other limeetone outorope drift 
o o n d  the rocks. The limestone in this part of the mountain haa 
the appearance of being interbedded with the gneise. 
Ouhwope of qstalline tinuatom within the large body of gncieus.- 

At two points within the gneissea small outcrop of orystalline lime- 
- atone are found. One of the& ie a few yarde eaet of the Btinaon 

mine (Map 4). I t  occurs as a band of gray or red mseeive cryetal- 
line limestone, with the usual amount of dark acceesory m i n e d ,  and. 
having a maximum visible thicknees of about six feet. Just enet of 
the limestone, but without an actual contaot, ie found a dark, well- 
banded bornblendegneisa, striking N. 40' E., and dipping 60° 8. E, 
The limestone band d i p  apparently conformably beneath thie gneiea. 
Gneiss mum a short dietan- weat of the limeatone. Thie limestone. 
band wae traced a number of yards in a northeaet and eouthweet 
direation, but could not be followed further. 

A mile to the northeast, at the Davis mine (Map 6), a emall out- 
orop of maeeive white or gray crystalline limestone oocura in an open- 
ing, apparently underlying the dark hornblendegneiss, whioh here 
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dips 60' S. E. The gneiee and limestone approach within ten feet 
of each other, but the actual contact does not show. Outorope are 
not present immediately adjoining the limeetone on the west. The 
limeatone could not be traoed along the strike of the rocka in either 
direction, outside of the opening. 

These two limestone bands apparently underlie the dark horn- 
blende-gneiesee to the east of them, all dipping muthenst. They are 
both bounded on the west by similar gneiee, also dipping southeast. 
The indications are that we have here beds of limeetone interbanded 
oonformably with the gneiee. 

These two outmope oocur at corresponding poi& within the large 
western belt of dark hornblende-gneiee, and are in line in the direc- 
tion of the etrike; but it ie not pmible to trace one into the other 
along the strike, and so show that they are two outcrop of a single 
limestone bed. 

The wy8taUinc lirnestona at thc n&mt end of tiu mountain.- 
East of the north end of Jenny Jump mountain is the largest oc- 
currence of crystalline limeetone in this region. It ie an area of low 
hills two milee in length, north and south, and from one-half to two- 
thirds of a mile in breadth. Associated with the limestones here are 
other rocks, in part true gneiesee, in part dark, banded, hornblendic 
rocks, some of which are eruptive and belong among the diorites. 
The surface within the area is made up of a broken succeeeion of 
ridges and valleys with no definite order. 

The limestone occurs in a general way in very irregular north and 
south bands, in the area named. The irregularity of these bands, 
however, is their main characterietic; for they frequently turn to east 
and weat, and are often cut out wholly by areaa of diorite and gneiss. 
The limestone aleo m u r s  ae isolated arese or masaee enclosed within 
the gneiee. The outmop often show a banding which is generally 
more or lea obscure, while at times the rock ie quite maesive. 

Lithologically the rock variee greatly, but mainly in the abund- 
ance and character of the acceesoy minerale. Calcite, usually rather 
coarsely crystalline, is the principal, and sometime the only, mineral 
present. Acceeeory minerals are p-t ip very varyiog amounts. 
Sometimee they are almoet wholly absent, and the rock is a very pure 
white or gray crystalline limestone. At other times they are present 
in very large quantities. Of such acceseory rock constituenb, 
magnetite is one of the m a t  abundant. I t  occurs in irregular 
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grains and aggregates, sometimes in such quantities aa to replaoe com- 
pletely the calcite, in which case the rock hae sometimes been worked 
aa an ore. Quarts and a nearly or quite colorlees monoclinic pyroxene 
occur very abundantly. Besides these three aoaesaory minerals, bio- 
tite, hornblende, graphite and pyrite also ooour. Serpentine is abund- 
ant. Frequently a hand specimen of the limestone is dotted with 
amall rounded masees of serpentine ; under the microscope t h w  are seen 
to be aggregatee of eerpentine fibres derived from the deoompoeition 
of the colorless pyroxene, fragments of the undecompd mineral 
W i g  frequently aseociated with the serpentine. Besides eerpentine, 
dai te ,  chlorite, mnmvite, limonite and epidote occur aa decom- 
poeition products of the acoeesory metamorphic minerals of the lime- 
stone. 

THE AGE OF THE WHITE OB CRYBTALLINE LIM&BTONE 

The relations of the oryetallhe l imeaha  of Wawen county to ilrc 
oy8taUine lintatones in other part8 of Nao Jersey.-Among the c r p  
talline limestones of New Jersey no localities are so well known as 
thoee near Franklin, in 8ussex county; and writers dwribiig the 
crystalline limestones of the State have generally had these in mind as 
typioal and representative of other localities. They have generally i 
oonsidered all the separate outcrops in New Jersey to be of the same 
age with the 8uesex county rocks. Cook,* in describing the crystal- 
line limestones of the &ate, considers together the localities in the . 
southeastern and northwestern Highlands, and places them all in the 
Azoic (Archean). Nason,t in describing the Sussex county white 
limeetonea, extends the belt by isolated outcrops southward to Jenny 
Jump mountain and to Oxford Furnace, -making all these outcrops 
of the same age and Cambrian. 

The evidence in favor of this correlation of isolated outcrops is 
mainly lithological, for no fossils have been found in any of the crys- 
talline limestones of New Jersey. The reasons for correlating the 
limestones of Jenny Jump mountain in particular with those of 8uesex 1 
county are ae followe: (I) Their likeness in lithological character. 
The rocks in both regions are very crystalline, generally white or 
gray limeatones, and carry large amounte of aoceesory metamorphic 
minerals. (2) I n  both areas the limestones are cut by similar empt- 
ive rocks-diabaree, granite or pegmatite, and diorite. (3) I n  both 

*Geology of New Jersey, 1868.' 
$Geological Survey of New Jersey, Annual Rep.,rt for 1890, p a p  25-27. 
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regions the limestones are more or leea closely associated with the 
granitoid gneissee, which are the moet abundant rocks of the north- 
western Highlands, and in some casea the limestones appear to be 
-interbedded with them. (4) The limeetones at Oxford Furnace and 
Jenny Jump mountain in Warren county have been taken to be a 
-southwestw*rd extension of the Suseex Aunty belt. An examina- 
tion of the geologicrl map of New Jersey doe8 not bring out thb 
:supposed relation with any marked distinctnees. The Warren munty 
rocks do not appear to be strictly a continuation of the northern belt, 
but to lie somewhat west of where the southern extension of the Suesex 
a u n t y  rocks would naturally be expected. 

The crystalline limeetones of the two areas have thne been classed 
together, because of their lithological similarity and their association 
with the gneiaees, and not on good struotnral or paleontologiorrl 
grounds. Lithologioal resemblanaes among crystalline rocks are cer- 
tainly insufficient proof of contemporaneity. This is eepially true 
where the area3 in question are at. considerable distance from each 
sther. I n  this oaae the nearest ontorops of the two areas are 
aeparatd by a distance of sixteen miles. Where no contrary evidence 
ia found, however, lithological similarity has value as a snggestion ; 
and when, as in the present instance, it is accompanied by ueaociation 
with a similar aeries of rocks (the granitoid gneieees), and the out- 
a o p s  occur in a general way in line, it seems quite probable that the 
.correlation bet#een the two seriee which hae been made in the past, is 
correct. 

vk8 cu, to the age of the zahh oy8talline hedtone in 6we.x o d y .  
-The question of the age of the crystalline limestonee of the High- 
land region, and especially of the northweetern part of the area, in 
8ussexconnty,is one which has been much discussed within recent years. 
As the Jenny Jump limestonee are in the same general northeast and 
.southwest belt with those of Bussex county, are of much the same 
character, and have, by one writer at least, been defioitely considered 
contemporaneous with the Susaex county rocks, it will not be out of 
place to take a brief survey of the views of different writers on the 
age of the white or crystalline limestonee of northwestern New 
Jersey.* 

It may be said that two kinds of limeetone are found in Suseex 

*Van Hise in Bulletin 86, United States Geological Survey, "Archean and Al- 
gonkian," pages 399-404, and Nason in American Geologist, Vol. VLI., p- 241-362, 
give a full bibliography of this subject. 
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oounty. One is a blue magneeian Cambrian limeetone, oonformably 
underlaid by, a quartzoee sandstone or quartzite, oontaining Lower 
Cambrian foseils. This quartzite and limestone are moonformable 
on the gneiesee. There is also a white or gray thoroughly orystalline. 
limestone, the age of which is a matter of dispute. 

Vanuxem and Keating,* in 1821, desoribe the white crystalline. 
limeetone at Franklin ae agreeing in strike and dip with the eyenite- 
of the region, and ae dietinot from the blue limestone, whiah is in one 
caee un&nformably superpoeed upon the syenite. They referred the- 
white limeetone to what ie now called Archean. 

H. D. Rogers, t in 1840, considered that the white limeatonee, whiob 
in the locality described by him oocnr aeeociatad with the blue lime- 
stones, are blue limestones which have been looally metamorphoeed by 
various igneous rooks into white crystalline limeetonea, with the pro- 
duction of graphite and various silicatee. 

Jackson,$ in 1864, maintained that the cry~taliine limestonee o f  
New Jersey are of igneous origin: 

Kitohell,§ in 1866, placed the crystalline limestones of New Jersey 
in the Azoio system. 

Cook, in 1868,Il 18731[ and 1883,** p l d  on record his opinion, 
that the white limestones of New Jersey are conformable with the 
interstratified with the gneiss, and are regular members of the orye- 
talline or Azoio system. 

Britton,tt in 1886, and again in 1887, divided the Amhean of New 
Jersey into a maseive, a gneissic, and a schistose group, in ascending. 
seriea, and considered the white limestone to oocur conformably in the 
middle or gneiesic group. 

Nason,$$ between 1890 and 1894, described in detail the white 
- . -- . .- - - 

*Journal Philadelphia Academy Natural Science, Vol. II., pages 277-288. 
t Geology of New Jersey, 1840. 
f Proceeding8 Boston Society Natural History, Vol. IV , pages 308-309. 
4 Geological Survey of New Jersey, Annual Report for 1855. 
11 Geology of New Jersey, 1868, pages 309-321 ; page 37 (sections). 
7 Geological Survey of New Jersey, Annual Report for 1873, pages 18,19. 
**Geological Survey of New Jerdey, Annual Report for 1883, pages 27-77. 
tt Geological Survey of New Jersey, Annual Report for 1886, pages 36-55. Same 

for 1886, pages 74112. 
$$Geological Survey of New Jersey, Annual Report for 1889, page 31. Same for 

1890, pages 25-50. Other papers by Nason on this subject have eince appeared i n  
the American Geologist, and in the Bulletin of the Geological Society of America. 
The summary given above is taken from one of his latest articles in the American 
Geologist, Vol. XIV., 1894, page 163. 
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orystalline limestones of Enasex county, and maintained that they are 
blue limestonee metamorphosed by intrusions of igneous rooks, and 
hence are of Cambrian age. He urged in favor of this the following 
considerations : 

'' 1. The white limeetones are continuous with the blue limeetonw 
(now accepted ae of Cambrian age) and every degree of transition 
may be found between them. 

" 2. Both have the same dip and strike. 
" 3. Both are conformable with a quartzite also containing Cam- 

brian foseils. 
" 4. Both are unconformable with the gneiee upon which they rest, 
" 6. Both have in sum total the eame chemical composition and 

are magnesian. 
'' 6. The altered crystalline condition of the white limestone is due 

to the intrusion of igneone maeses and to regional metamorphism, 
while the blue limestone never contains such igneous injections. 
'' 7. The presence of certain minerals, especially ohondrodite, irs 

not indicative of geological age." 

Dana,* in 1891, in a review of an article by Nason, agreed with 
Cook in considering the white limestones conformable membere of 
the gneiseic Archean series. He deniea the p9wer of eruptives to 
metamorphose the blue limestone to such an extent, and doubted the 
poaeibility of proving that the two limestones grade into each other- 

Kemp and Hollick,t in 1894, described the northward extension 
into New York State of this limestone belt, and concluded that the 
white limestone is the blue limestone metamorphoeed by granite in- 
trusions. 

H. 8. Williame,$ in 1894, doubted this identification by Kemp 
and Hollick of the white limeetone with the blue, without poeitive 
palmontological evidence. 

It is thus aeen that two different views have been held ae to the age 
of the orystalline limestones of Suesex county, and that these views 
have been extended by their advocate to inolude the other crystal- ' 

line limeatones of the State. The view whioh hae generally ipre- 
vaiIed in the past, is that theee limeetones are of Archean age, and 
are members of the aerie of crystalline rocks to which the gneissio 
rocks of the Highlands belong, and with which the limestonee are 

*American Journal of Science, III., Vol. XLII., 1891, pages 70-72. 
t Annale New York Academy of Sciences, Vol. VII., pages 638464. 
$ American Journal of Science, III., Vol. XLVII , 1894, pages 401,402 
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cloeely eseoaiated. Among the geologbta who have aooepted this 
theory are, as hae been indicated, Vanuxem and Keating, Kitchell, 
Cook, Britton, Dana and H. S. Williams. Theee writers conaider 
the crystalline limestones to be distinct from the Cbmbrian blue 
magnesian lirneetone of Kittatinny valley. 

The other view b that theee limeatones are not true members of 
the  crystalline series, ae hae generally been supposed, but are of Cam- 

. brian age ; being blue magneeian limestones, which have been locally 
.metamorphosed by intraeions of igneoas rocks. This view wae first 
p r o p o d  by H. D. Rogers in 1840, but found no farther support 
anti1 Namn adopted it, giving'a large amount of detailed evidence in 
its favor. Kemp and Holliok a m p t  the same theory for the age of 
the white crystalline limestones of Warwiok, Orange County, N. Y. 

I t  is not the purpoee to coneider here the evidence concerning the 
age of the limeetonea of Sussex county, but merely to give the argu- 
menta advanced by the different aeta of writers. I t  requires, how- 
.ever, evidence of a very positive palseontologioal or stratigraphioal 
character to overthrow the generally held opinion that theee two very 
different limestones are of different age. I t  does not seem to the 
writer that such evidence hae been given. 
C h  amoo2'ation of the orystaUzne limeatma a d  gncieeea.-The 

writer's study of the Jenny Jump crystalline limeatones leads him to 
the belief that these rocks are dietinot from and much older than the 
Lower Cambrian blae magneeian limeatone, which also oocure here. 

The constant association and apparent interbedding of the crystal- 
line limestone with the Archean gneieses indicates that the limestone 
-is a member of the gneissic series. The band of limestone, which is 
represented by several outorops along the southeaet side of the middle 
of the mountain, is bounded on the east by gneiee, with banding ap- 
parently comfortable to that of the limestone. Gneiss also o i u r s  
west of the limestone, so that this belt has the appearanoe of being 

- interbedded with the gneias. The two small blated limestone out- 
mope at the Stinson mine and the Davis mine respectively, w u r  well 
within the area of the gneisses and interbanded with the western belt 
of dark hornblendic gneies, as if a conformable member of that 
aeries. I t  ie not easy to see how Cambrian blae litneetone could have 
gotten into this position. 

I n  its larger area at the northemt end of the mountain, the lime- 
stoneis ammiabed with both aoidic and basic gneisees. Someof the dark 
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hornblendic gneieses are probably of eruptive origin, and do not need 
to be coneidered at this point. The more acidic, lighter- colored, well- 
banded gneissee, ae will be ehown below, occur interbanded with the  
limestone, in bede ranging from a few inchea to many feet in thick- 
ness ; and it seeme certain that limestones and gneissee here form one 
aeries. There is no reamn for believing that these gneiseee inter- 
banded with the limestone are of eruptive origin, and it is difficult to 
amunt  for their preaenoe here if the white limeetone is simply meta- 
morphosed blue limeetone, for there are no bands of rock in the 
unaltered blue limedone from which they uan be sapposed to be 
derived. 

The prcecnt omadition of the limealone i s  the result of general cnd not 
2 d  met&morphiem.-Within the limestone area at the north end of 
the mountain occur numerous rocks, some of which are undoubtedly 
eruptive, ae will be ehown later. These inclnde ooam granite or 
pegmatite, which occure in large, irregular masees; diabase in dikes. 
up to fifty feet in width ; and a series of dioritic rocks which are the  
most abundant of the three. I f  the crystalline limestone is to be re- 
garded ae the equivalent of the Cambrian blue magnesia limestone, 
it is to these rocks that we must turn to find the agent of the change. 

The usual aotion of an eruptive rock upon ordinary limestone i r ~  
well nnderetood. The limeetone ie altered to'a greater or lea8 dis- 
tance from the contact. I t  becomea more crystalline, and ia often 
changed at the contaot to a coarse marble. This change is very gen- 
erally acoompanied by the development on a large scale of contact 
minerals, chitfly lime-eilicates. But it needs to be emphaeised that 
these contact effecta are local, and do not usually extend more than a 
few feet (except in extreme caw,  not over twenty or thirty feet) from 
the actual contact. One of the beet known examples of them rela- 
tions is that at Cortlandt, N. Y., a short dietance sonth of Peekskill, 
Q. H. Williams,* in describing the contact here between the eruptive 
diorites and the limeetone, says : 

"The metamorphic action extende but a small distance from the 
actual contact, but ie always unmistakable in its nature. The lime- 
stone is in almost all cam bleached and is frequently rendered more 
coarsely crystalline. There are new contact minerale develoyed in it, 
among. the m o ~ t  common of which are hornblende and pyroxene." 

*American Journal of Scienr~, 111, Volume XXXVI., 1888, page 267. 
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Similar oonditions are aaid by Nseon* to oocnr near Franklin, 
N. J., at the oonted of a granite dike with the limestone. 

The limestone on Jenny Jump mountain is thoroughly orystdine, 
and oontains considerable quantitiea of metamorphic pyroxene, horn- 
blende, and other minerals. I f  the eruptive m k e  were the agents of 
metamorphism, the limestone should be moet crystalline at the oon- 
tact with the eruptive, and should beaome less crystalline as the dis- 
tance from the eruptive rock increaeee, until at no very great distanoe 
an nnaltared non-aystslliine limestone should be found. This lime- 
atone ehould be the aame aa the blue magnesian limeatone of Kitta- 
tinny valley, if the crystalline limestones are simply the Cambrian 
metamorphoeed by intrueives. No such relations ooaur between the 
emptives and the lim~~tonea. 

I n  the few aaees where the actual contact can be eeen, the nature 
of the intrueive rook is determined, not by the amount of meta- 
morphism produced in the limestone, but by the irregular line of 
antact, which could only be that of an eruptive m k .  

The limeatones are not more crystalline at the contaot with the 
auptives than at a distance from them, but are uniformly orystalline 
throughout. The aoceesory minerals, pyroxene, biotite, graphite, &Q., 

are not foand more abundantly near the contact than elsewhere. 
The limestone showa no change in orystalline character, or in the 
abundance and chsraoter of aooeseory minerals, aa the centact with 
the intrusive is approached. 

I t  may perhaps be urged that the metamorphic action has been so 
intense that the whole of the limeetoae in the area cut by the erupt- 
ivea haa been orystallited. I f  it were granted that A h  con&ct 
results were poseible, there must neoeessrily still be an increase in in- 
tensity of metamorphism near the contact with the eruptive m k s ,  
and no such inorease ia observable. 

A similar line of reasoning has been uaed by C. H. Smyth, Jr.,t 
to show that the cryetallization of certain Adirondack limestones is 
not due to the action of intrusives : 

I 

" So far aa examination has been made, the limestone is thoroughly 
crystalline throughout, the degree of crystallitation not depending 
upon the position in the belt nor the proximity of intrueives, except 
in the case of a narrow zone in close contact with the latter. I f  the 

*Geological Survey of New Jersey, Annual Report for 1890, page 32. 
t Bulletin Geological Society of America, Vol. VI., page 281. 
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metamorphism were oaused by the intrusion we should expect to find 
a different state of affairg a more complete crystallization in the 
neighborhood of the igneoua rook. When the aotual oontact zones 
are considered, their narrowneaa and sharpness of definition are strik- 
ing. Inatead of a gradual increase in crystallization and number of 
different minerals as the igneone mok is approaohed, there is no per- 
aeptible change till within a few feet or inches of the latter, and then 
there is a distinot zone of contact products. Were the intrusion the 
cause of general metamorphism it would aeem that the contact zone 
would be much wider and would shade gradually into the ordinary 
limestone." 

The abeence of contact metamorphism in the Jenny Jnmp l ime 
atones is believed to show that the highly crystalline oharacter of the 
limestone and the abundance of the saceesory minerals are not due to 
the agency of eruptive rocks, but to other c a m  acting over wider 
areae and producing further reaching and more uniform effects ; that 
the metamorphism of the limeatone is not local, but general. Un- 
changed blae limestone oacure not far from the crystalline at the most 
northern outcrops of the latter. The metamorphism has ai3ect.d the 
crystalline limestone but not the blue. The reason is clear. The 
blue magnesian limestone had not been deposited at the time of the 
metamorphism of the present crystalline limeatone, else it too would 
have been involved in the same changes which have affected the crys- 
talline limestones; changes not improbably produced by the eame 
agenta that were at work in the crystallization of the aaeociated 
gneieses. The crystalline limestone is older than the blue Cambrian 
limestone and is of pre-Cambrian age. I t  is difficult to conceive that 
&e forces resulting in metamorphism cmld act over considerable areae 
and then suddenly stop short. I f  the two apparently different lime- 
stones are of the eame age, the blue limeetone associated with the 
crystalline should also have been metamorphosed. A greater agent 
fhan local metamorphism by eruptives is required to explain the 
crystalline character of the Jenny Jump limestanes. Regional meta- 
morphism, which is the only adequate explanation of this ohanaoter, 
must have oocurred at a time previous to the deposition of the blue 
o r  Cambrian limestone. 

The nearly oomplete absenoe of contact metamorphiem is unuaual. 
Possibly if the exact contact could be oftener seen, more extensive 
changes along the boundary of the two rocks would be revealed. 
The probable explanation of this absenca of contact metamorphism 
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is, that the eruptivea were forced through limeetone already thor- I 

oughly crystalline, when the opportunities for change that would b e  
presented in the caee of an eruptive rock cutting a granular unaltered 
limeetone, did not exist. 

The jield relatione of the orystaUine limestones and the Ccavnbrium 
blua magneeian limcetone.-The intimate association and apparent in- 
tergradation of these two limestonee, as they occur in Bussex county, 
have been strongly emphseiaed by Nason, as proving their identity, 
I n  the Jenny Jump area they do not ocour cloeely aaaociated. Along 
the southeast side of the mountain the crystalline rocks are bounded. 
by the allavial deposita of Pequest meadows. I t  is probable that 
the blue limeatone underlies this valley, but all outoropa have been 
oovered by the sands of the lake which formerly oocupied it. T h e  
belt of crystalline limestone along this side of the mountain is 
bounded on the east by gneisaea, and ia nowhere in contact with the  
blne limestone. 

Along the northwest side of the mountain no outcrop of crystal- 
line limestone m a r ,  except at the extreme northeast end. The rock 
which forms the lower slopes of the mountain here ie a coaree gran- 
itoid gneiae. Blue magneeian limeetone ie found in the valley week 
of the bsse of the mountain, but wae not seen anywhere in oontact 
with the gneh. The limeetone here ie the usual blue limeatone o f  
Kittatinny valley. 

At the northern end of the mountain the crystalline limeston- 
ooaupy a large area, but within that area no outnropa of blne lime- 
atone have been diecovered. A11 of the outcrops of limestone show 
a thoroughly crystalline rock, neually oarrying a greater or lew 
amount of scoessory metamorphic minerals. At the northern end o f  
this belt, however, blue limestone oocurs outaide of and not far from 
the white limestone. Oiltcrops occur on either side of the road 
which orossee the extreme end of the white limestone in a north- 
westerly direotion towards Southtown. East of the road (Map 6) the 
blue limeetone occurs about two hundred feet north of the white lime- 
stone. The blue limeetone ie the typical fine-grained limeatone found 
widely distributed in Kittatinny valley. The white limestone i 
thoroughly crystalline, containing large areas and bands of a rock 
mmposed either of quartz or of monoclinic pyroxene or of a mixture 
of the two ; a rock whioh will be described below. There are no uu- i 
doubted eruptive rocke-pegmatite, diorite or diabase--cutting the 1 
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white limeetone at this point. Weat of the road (Map 7) the blue 
limeatone is found about one hundred feet north of the oryetalline 
limeatone. The blue limeatone at this point is a conglomerate, both 
pebblea and matrix being finegrained blue limeetone. The oryetal- 
line limestone is a gray, thoroughly crystalline, rook, and oontains 
large amount of sooeseory minerale, especially serpentine, in small 
scattered maesee. The two m k a  can be traced for several hundred 
feet to the west, but do not appromh nearer to emh other than they 
do at the road. Both east and weat of the road, blue limestonee and 
white are typical of their reapedive varieties, and there is no ten- 
denoy in either towards gradation into the other. 

On Jenny Jump mountain, then, the white and blue limeatonea do 
not ooaur intermingled, but eaoh oconpiee exclusively its own area 
Where the two rooks approach nearest, at the north end of the moun- 
tain, each ha8 still its own epeoial lithological charaoter, and there is no 
tendenoy to intergradation. This geographic and lithological aepara- 
tion of the two make it believed to indicate that there are here two 
limeatonea of different spa blue Cambrian, and a white orystalline 
pre-Cambrian limeatone. 

&cmmary.-In condueion, the oryetalline limeatones of Warren 
county are believed to be distinct from and older than the blue mag- 
nesian limeetone of Cambrian age, which o m r s  along the northweet- 
ern aide of the New Jeraey Highlands. They are believed to be dis- 
tinot, for the following reasone : 

1. They differ lithologically fmm the blne limestone in being 
thoroughly qryatalline, and in containing lafge amounts of acceseory 
metamorphio minerale. 

2. They are intimately aaeooiated with and apparently interbedded 
with the older gneieses; and gneiseee ocour also interbedded in the 
limeatonea. 

3. They show no intimate m i a t i o n  in areal dietribution with the 
blne limeatone, nor any tendency to grade into it. 

4. The metamorphio ohanges to which tbe white limestonea have 
been aubjeated are general in their nature, and not dne to the action 
of the eruptives by whioh they are out ; ao that no suffioient agent is 
at hand to sooount for the supposed ohange from blne into white 
limeatone. 

The white limeetones are believed to be older than the blue Cam- 
brian limeetone, beoauae (1) they m u r  in intimate association with 

4 
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the gneiaees, which are of admitted pre-Cambrian age, and beoaase 
(2) they have been snbjeoted to general metamorphio foroea resnlting 
in great ohanges, of whioh the neighboring blue limeetone ahom n o  
traoe. 

That the other cryetallie limestonee of New Jereey am of the 
sune age aa thoee of W a r m  oounty, haa not been proved. The 
theory haa generally been that they are. I f  they are, and if the 
poeition taken in the prevlent paper ie valid, then-the crystalline lime- 
&nee of Sneeex aonnty, aad of other plaoea in New Jereey, would 
aleo be, aa they have generally been sup@ to be, of preCsmbrian 
or Archean age. 

ROCK8 OCCURRING WITHIN T H E  LIMESTONE AREA 
AT TEE NORTH END OF T H E  MOUNTAIN. 

QBAY BANDED YICACEOUS QNEIIBB. 

At numerous plsaee within the limeetone area, lightroolore& 
gneisees oconr, in bands ranging from leas than a foot to many yarde 
in breadth. The rook is generally fine-grained, of a grayish o r  
brownieh oolor, and it shows a particularly well-marked, thinly- 
banded stmdnre. This banding ia parallel to the h t i o n  of the 
gneise h d ,  and to the oontaot between the gneiaa and inaloeieg lime- 
stone. On the aleavage surfaoea the rook ia quite generally miaoeoue, 
often graphitio, while on the fraotured surfacea perpendionlar to the 
banding the rook ia more maeeive and ehowe ooneiderable.qnrmtitiee o f  
quartz. 

The dietribution of the larger belta of thia rook ia indicated on the 
map. Thbe belta are of varying width, and ehow little or no regu- 
larity in areal distribution. Besidee thew larger belte, the rook a b  
m r e  in smaller bands, some of them less than a foot in thioknesa, 
whioh are parallel to the banding of the limeetone. Plate IV. ia s 
photograph of the jundion of a bed of gray gneiaa with the nnder- 
lying limeatone. 

Plate IV. The mntaot is the dark line running d i i n a l l y  down 
to the lower rightrhand mmer and pawing juet above the hammer. 

At aome localities aeveral bands of gray gneiss, from one to three 
or four feet in thiokneee, oocnr, eeparated by thin bands of limestone. 
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Micmcopioally, these rooks are quite uniform in some respecte, 
but variable in others. They all show a typical gneissic structure. 
I n  almoet every case there is a plane-parallel stmature, due either to 
the alternation of thin bands of somewhat different mineral character, 
or to the parallel arrangement of platea of mica er graphite and of 
fibrolite needlee. Quartz ie uniformly very abundant, and the feld- 
spar is usually untwinned orthoclase; though sometimes it is micro- 
perthite, and sometimes twinned plagioolase. The rocks differ some 
what in the species of mlored silicates p r ~ n t .  The following 
different varieties may be enumerated : 

1. Fibrolite gneiss, mainly quartz and parallel fibres of fibrolite 
or sillimanite, with eome biotite and a little tourmaline. 

2. Biotite-graphite-gneiss. 
3. Biotite-gneiae. 
4. Biotitepyroxene-gneiee. . 
6. Biotite-hornblendegneiss. 

Of these varieties the seoond and third are most common, and 
when typioally developed they are quartsose biotite-gneisses, 

These micaceous gneissee often occur in narrow bands in the lime- 
stone, looking very much as small dikes of eruptive rock would, but 
these bands always follow the banding of the limestone when that 
can be recognized, and do not show the irregularities in width which 
are found in some similar narrow bands of basic and probably erupt- 
ive rock. On the other hand, the typioal gneissic structure under 
the microsoope, the unusually well developed banding, and the p m -  
ence of graphite indicate that these rocks are not eruptive. These 
gray micaceoue gneiesee probably result from the complete alteration 
of bands of siliceous sediment originally interbedded in the limeetone. 

Nearly identical rocks occur in the Eaatern Adirondacks. Pro- 
feseor Kemp * describes these rocke as graphitic mica-schiste, some- 
times containing abundant sillimanite, and considers them to have 
originally been sandstonee intercalated into a series of calcareous sedi- 
ments, and to have been since metamorphosed to their present con- 
dition. 

f Bulletin Geological Society of America, Vol. VI., page 286 and 261. 
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Qua* tourmaliw cook.--deeooiated with thia gray gneiee in the 
band jaet weet of the Howell mine (Map 9), ia a rook oompoeed 
wholly of quartz and tourmaline. Tourmaline oooure in large irreg- 
ular pleoohroio graine, frequently somewhat elongated parallel to the 
vertical axie, and lying in an aggregate of very irregular interlock- 
ing grains of quartz, whioh holde abundant hair-like rutile and fluid- 
and-gas inolusiona This ia a medium-grained rock, oaourring in 
irregular patchea and masses in the gray micaoeoua gneiee. 

A eimilar. rook hae been desaribed by Britton.* It " occm in the 
well stratified rock8 of Marble mountain and Bagged ridge, Warren 
aonnty, and in large eegregated masses in the oyatalline limeetone 
quarry at Lower Harmony." 

HOBNBLENDIC GNEISS, DIOBITE-AYPEIBOLITE OB QBANULAB 

DIOBITW. 

Dietribution and petrographioal oharaotcr.-Under the above names 
are inoluded a eerie of dark hornblendio rooks, often well banded, 
which may be of diverse origin, but are certainly in part eruptive. 
These rooks were called gneieses by Cook and by him oonsidered 
altered sedimentary rooke, interatratified with the cryetalline lime- 
stones. They agree in most partionlare with the dark hornblende- 
gneiaaea and amphibolitee whioh have been deaoribed as oocurring 
through the main maee of the mountain. 

These dark hornblende rocks ooour in bands varying in breadth 
from a thonssnd feet down to lese than a foot. The looation of the 
larger and of many of the smaller bands ie indicated on the map. 
The largest occurrence are in the southern part of the limeatone area, 
but they occur very abundantly throughout the whole of it. They 
are generally well banded, their banding being parallel to the general 
trend of the belt, and hence, in a general way, north and south. The 
dip of this banding is usually, but by no means univedly ,  towards 
the eaet. The reaeon why theee dark hornblendio gneieeoid roc+ 
are treated eeparately from those which have already been deearibed 
is that they oocnr intimately aaeociated with this limestone, and eome 
of them can be proved to be of eruptive origin. 

*Geological Survey of New Jersey, Annual Report for 1885, page 46. 
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The principal primary mineral constituents of these rooks are 
green monoclinio hornblende and feldspar. The hornblende occurs 
in ronnded or irregnlar grains and sometimes in imperfect c ryetalloide, 
but rarely with well developed crystalline faces. Orthoclase and 
plagioclase occnr in nearly equal abundance, generally in irregnlar 
polygonal-rounded grains. The plagimlaee never occurs in lath- 
shaped cryetala-a manner of occurrence which is common in the 
typical diorites. Bmidea hornblende and feldspar, light-green mono- 
clinio pyroxene, generally in irregular grains, and a dark-brown 
biotite occnr in leaser amount. Magnetite is the moat abundant ac- 
ceeeory mineral, and occurs in irregnlar grains of varione size. 
Quartz is p m n t  in but one or two ~ections. The remaining accea- 
aory minerals, apatite, titanite, hematite, and tourmaline, occur with 
more or leee frequency in different sections. 

As to mioroscopic strnoture, thee rocks are uniform in character, 
varying only within well-defined and narrow limits. While the out- 
c rop  may show a banding, there is no evidence of lamination in any 
of the aections examined. All the principal minerals have a well- 
marked polygonal-granular development. Where this atrnotnre ie 
beat developed the rook hae the appearance of a mosaic. The stmct- 
ure of them rooks ie in marked contrast with both that of typical 
diorites and of g n e h .  The typical diorite ie characterized by a very 
unequal crystal development of the different minerals. The accessory 
minerale, apatite, titanite, zircon, and the iron ores ocour frequently 
in perfect, though neually emall, crystals. Next in order of crystal 
development rue the colored constituents, the hornblendes, pyroxenee, 
add mioaa. After them comee plagioclase, and lastly, filling the in- 
tersticea between the other minerals, come orthoolaee and qnartc, 
whioh wholly 1mk cryatal planea. The order in which the different 
minerale have separated out from the oooling magma is indicated by 
the perfection of crystal form. I n  the hornblendia rocks of Jenny 
Jump mountain, the acceeeoriee, apatite, titanite, and in leae degree 
magnetite, frequently occnr in small oryetale, But the crystal d a  
velopment of the colored constituents ie not more perfect than that of 
the feldspars. Neither poseeaa crystal planes, and the plagioolase 
never occurs in typical lath-shaped crystals, bnt always in more or 
less rounded grains. This uniformity in the orystal development of 
the different m i n e d  when the mka rue eruptive, may be the result 
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of metamorphic recrystallization; or it may indicate that the first 
etep in the formation of the m k  from the magma waa the partial 
separation of the aooeaeory apatite, and in lees degree titanite and 
magnetite; and that this etage waa quickly followed by the nearly 
eimultaneone separation of the oolored mnatitnente, the feldspar, 
quartz, and remaining magnetite, thns resulting in a decided granular 
etructnre. The faot that theje rocks generally occur in narrow band8 
eupporta thie explanation; and eeotione of the rock at the Howell 
mine, near the contact with the limestone, where the rate of w l i n g  
mnst neoese~rily have been most rapid, ehow the moeaio etructure in 
greet perfection. 

Them hornblende rocke ehow very oloee relatione, in that all are, 
under the micromop, mraeive, have a granular etructure, and miner- 
alogically coneiet of hornblende, orthoclase and plagioolaee, with 
biotite and pyroxene in leea degree, as their primary minerale. Min- 
eralogically and etructurally they are eruptive diorites rather than 
gneisses. 

Eruptive origin of part of the dark hornblende rook.-It ie be- 
lieved that a part at least of thew m k a  are of eruptive origin. The 
reaaone for this etatement are as follows : 

1. A microsoopiaal examination &owe that they are maaaive and 
lack the typically gneiaaio structure. I n  mineralogical composition 
and variation0 they resemble the dioritee. 

2. Like the limeetones, they occur in a rough way in north and 
muth bande, which led Cook to say that the two were interstratified. 
But when the irregularities of some of these bands are considered, 
this seems hardly probable. They often widen out, narrow, and turn 
to east or west with very great irregularity, which is in m r d  with 
an eruptive origin. 

3. Isolated maeses of theee m k e  oocur frequently, wholly em- 
rounded by the limeatone. This is especially true at the middle and 
at the south end of the main limestone area. Also, there are several 
placee where small areas of the aryetalline limeetone occur wholly 
eurrounded by the hornblende rocks. 

4. Changes occur within the hornblende rocks themselves as the 
contact is approached. At the Howell mine, the rook away from the 
contact is medium-grained, but becomea at the contaet very fine- 
grained, a uniform roak in whiah separate mineral grain8 cannot be 

\ 
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deteoted. At a point (Map 10) on the weet aide of the middle of the 
area, thie change is even better shown. At a dietance from the con- 
tact the rock is a dark, medium- 
grained, banded, hornblendio rock. 
A t  the contaot it beoomea aphan- 
itic, a dark-blue-black porcelain- ,,., 
like rock. The banding haa also 
disappeared and the rock is per- 
fectly maseive. There ie a gradual 
ohauge from one into the other. ' 65ut. 

The limestone is thoroughly cry+ mgnre 3. 

talline and contain8 coneiderable amonnta of seoondary metamorphio 
minerals, but there is no recognizable contact metamorphism. Fig- 
ure 3 is a plan of the relationa of the two rocks at thie looality. 

6. Lwslitiee occur at which actual intrusion of the diorite into the 
3irneetone can be seen. 

I j o o t  . 
C-l 

Figure 4. Figure 5. 

Ghtaats of eruptive hornblende rook and 2imecrtone.-One locality 
at which eruptive diorite can be eeen cutting the limestone ie at the 
Howell mine (Map 11). Here a horizontal tunnel cuts south into 
.the hill through the oontact between the gneise and the limestone. 
figure 4 repreeenta an irregular maa of white cryetalline limestone 
which haa been caught in the other m k .  Figure 5 represente the 
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imgdu a m b d  of the two. Both ilgmm are dhgrrme of d 
portioos of the wdta of the t t I d  The oonbd ia perfeotly dik 
tipot, and epeaimens a n  be broken off ahowing both limmtme and 
hornblende 6. There ia no evidemm of halting or motion along 

- the oonbot. Not fu from the oonbd the hornblende mok ie buded, 
and in tbia a m  at lea& the banding ie a eeoorwluyetrooture,pr~- 
d u d  by dynamic metunorphiam in an eruptive rook. The eruptive 
rock hem is a trpid hornblende-diorite. There ia a thin aontrot 
m e ,  lase than half an inch in thick- between the diorite and the 
limaetone, conaiding of fibrooa hornblende, pyroxene, quartz, plrgio- 
k, feldqar; magnetite and apatite. The limaetone here cont.ine 
small, iwdihred, irregular graioa of green m o n ~ i c  pyroxene. 

Andher l d t y  (Map 12) oooars mathweat of the H o d  mine 
and eaat of the 4, ahowing similu relatione between the aame two 
rooLa The limeetone ha8 been cut out rraraae the etrike at several 
pointe by the hornblende 4. F i r e e  6 and 7 repmmt the a p  

Short tin;& rc ) r rescnt  (mrrdinc 
I foot. 

I 

Pioare 6. Figure 7. 

pearance of a vertical outcrop of rock on a aide hill. Figure 6 ie a 
dike of the hornblende rook in the limestone; it is banded parallel to 
its course. Figure 7 shows the irregular aontaot of the limestone 
with a large maw of hornblende rock, and a h  some smaller m a w s  
of hornblende rock in the limeetone. 

The frequent emall dike-like maeees of dark hornblende m k  often 
ahow by theu character that they are intrueive into the limetitone. 
Near the southern end of the limestone area (Ildrrp 13) the limeetone 
ia out by numerone vertical bande of eruptive hornblendic m k .  

NEW JERSEY GEOLOGICAL SURVEY



 

NEW JERSEY GEOLOGICAL SURVEY



A
N

N
U

A
L

 R
E

P
O

R
T

 O
F

 S
T

A
T

E
 G

E
O

L
O

G
IS

T
 F

O
R

 
1

8
9

5
. 

D
IK

E
S

 O
F

 H
O

R
N

B
L

E
N

D
IC

 R
O

C
K

 C
U

T
T

IN
G

 L
IM

E
S

T
O

N
E

 

N
O

R
T

H
 E

N
D

 O
F

 J
E

N
N

Y
 J

U
M

P
 M

T
. 

NEW JERSEY GEOLOGICAL SURVEY



THE STATE GEOLOQIEIT. 67 

Fim 8 repreaenb -diagrammatioally two of them bade  and the 
edge of a third aa they ehow in a low vertioal 0 1 8  of limeetone. 
The middle dike haa developed in plsaee a banding parallel to the 
edge of the dike, due to the arrangement of the hornblende in ahort 
parallel linee. 

Plate V. Di of hornblendio rook outting the limeetone. 
The photograph (Plate V.) dowe very well the general appear- 

lnae of them small dikee of ernptive hornblendic rook (Map 14). 
In the photograph the dikea appear lighter than the limeetone, an6 
cut the latter parallel to its plane of banding. The dike on the right. 
ie a foot and a half, the other a foot, in thioknm, and they are eepa- 
rated by three feet of limeetone. The irregularitiee in the thiaknms 
of the dike on the right are taken (among other o i m m a t a n ~ ~ ~ )  to in- 
dimte an eruptive chamter. 

The preceding faoh are enough to ahow that a ooneiderable part. 
of theae hornblende rooka ie of eruptive origin. I n  tmme oaeee it 
haa been aeen h a t  t h e  eruptivea at a short dietsnce from the oontact 
are banded, and theue banded phaew, if m n  alone, would not be die- 
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tingaiehable from the ordinary banded hornblende-gneiseee of the 
,region. The banding in theae partioular inetanoes is, of oouree, eeo- 
andary. Jnet how far an eruptive origin can be amigned to the 
other banded hornblendic m o k e  of the limestone a%, cannot be de- 
termined. The larger areas may have a different origin, and may 
r e p m a t  altered bands of rock originally interbedded in the g n e h ;  
and the fact that along the main maw of the mountain the limestone 
is in some c a m  apparently interbedded with these gneisees, lends 
eupport to this view. A considerable part of thae  rocks, however, 
and perhaps moet or all of it oconrring in the smaller bands, is of I 

eruptive origin. 
Vari& of ticus hornblmrdw rock.-While these rocks are in gen- 

eral quite uniform in oharaoter, they vary suffioiently in the preaenoe 
and relative abundanoe of the different colored silicates to give several 
dietinct rook varieties. These varietiee, which mast be considered as 
merely local phases of a single eeriee, are as followe : 

1. Diorite, in which green monoclinic hornblende ie the principal 
and sometimes the only oolored conetituent. No typical mica-diorite is 
present-that ia, no rock in which the biotite occurs in greater abund- 
ance than the hornblende, although biotite is frequently preeent and 
gometimes in considerable amounts. The diorite is commonly diorite 
groper, ae distinguished from quartc-diorite, whioh ie of rare mar- 
-3'enCe. 

2. Augite-diorite, which contains, in addition to hornblende, a oon- 
siderable amount of oolorleaa or light green monoclinic pyroxene. 

3. Hornblende-gabbro, differing from the augite-diorite only in that 
pyroxene occnra more abundantly than the hornblende. 

4. Norite, a eingle mtion from the contact at the Howell mine, in 
which orthorhombic pyroxene is the main colored constituent. 
6. Boapolite-rock or "gefleckter gabbro," in which feldspar is 

r e p l a d  by ecapolite. I t  was found at but one locality (Map 15) and 
then was asedated with blaok diorite, of whioh it is probably a 
phase. Green monoclinic hornblende, mapolite, and in lea  abnnd- t 

anoe mondinio pyroxene, oocur together. The structure of the rook 
.ie granular. Similar rocks m i s t e d  with crystalline limeatones have 
been recorded by Naeon * from near Franklin, N. J., and by Kemp t 
from the Eaetern Adirondaoke, and by othera. 

*Geological Survey of New J e m  y, Annoal Report for 1890, page 33. 
t Bulletin Geological [Jocietp of America, Vol. VI., page 265. 
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Of these different varieties the first two am muoh the moat oommon, 
ao that in speaking of the rocks aa a whole they may be &led dio- 
~ite-amphibolitee or granular dioritea. 

QUARTZ PYaoXENE BOCK. 

A third rook type is found very abundantly sseooiated with the 
,limestones. This rook variea through all stages, from a pure quarte- 
~ o c k  on the one hand to a light-greenish or white rock, o o m p d  
entirely of an aggregate of grains of green or white monooliiio 
pyroxene, on the other. Often there is a prononnoed radial grouping 
.of the fibrea. The rocks are always msseive, and usually from 
.medium to coaree-grained. Their mineralogical structure is simple. 
The quartz m u r e  in extremely irregular, interlocking grains, usually 
with a wavy extinotion. Monoolinio pyroxene m u r e  in oolorleee, 
rounded, or irregnlar grains, often elongated in the dimtion of the 
prismatic cleavage. Biotite, magnetite and graphite sometimes oocur 
i n  these rocks, but usually only quartz or pyroxene am present. 

This rock is distinot from the limestone. Calcite does not occur in 
any of the section8 as an original constituent. I n  the field the two 
rocks are distinot, and are always separated by a sharp line of con- 
hd.  On one side of the oontact the limestone effervesoee freely with 
acid ; on the other the pyroxene rock shows a feeble action or none at 
all. There is no intergradation between the two. 

These pyroxene rocks occur very abundantly in the limestone, 
especially towards the north end of the monntain. I n  some am, ae 
at the north end of the mountain, they occnr in irregular massee; but 
in  a majority of cases they are bands of greater or l w  width, some- 
times aa narrow as six inches. The acoompanying figure shows four 
-of these narrow bands of qnartz.pyroxene rock, with one large band 
of gray micaceous gneiss, occurring interbedded in the limeetone. 
(Map 16.) 

Rocks of this charmter are frequently dwribed as associated with 
the limeetoneg and are probably original membera of the limeetone 
series, since their mineralogiosl oharacter is unlike that of eruptive 
rocks. 

Besidee theae rocks which have been deecribed aa oocurring in the 
firneetonee, pegmatite and diabsse are also fouad, but as they are not 
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di&rent from the errme rooks as they o m r  in the gneiaeee of the 
main part of the monntain, they do not require further notioe here. 

Figure 9. 

The oontaots between pegmatite and limestone have not been ob- 
served. The diabase does not appear to have altered any of the 
rooks through whioh it porseee. 

At the northern end of the mountain, hornblendio and mi-ue 
gneiae and quartz-pyroxene rook oaour &ed with the limestone. 
These rooks are apparently interbedded with the limestone ; and with 
the possible exception of some of the dark hornblendio gneiee, are 
believed to represent a series of aedimenta originally depoeited with 
the limeatone and oompletely metamorphosed. They nowhere show 
a detrital oharacter, and their origii ie inferred from their mineralog- 
ical charaoter and geologioal occurrence. Diabaee, pegmatite, and 
granular diorite cut the limestone at varioua pointa. D i a h e  is 
the moet recent, eince it ante all the other rooke. The age of the 
other eruptive rocks is not definitely known, but as they are not 
found ontting the Cambro-Silurian limeetone in this region, they sre- 
possibly of pre-Camby ian age. Theee rooke occur very irregularly,. 
and no general structure nor succeeeion has beem detected. 

Along the main msss of the mountain, the crystalline limestone, 
when present, ie aesociated with dark banded hornblendio g n h ,  
and ia not found in oontaat with the lighter granitoid gnekes. Thb 
amciation is perbapa a reaeon for eupposing that theee hornblende- 
gneiseos are in part of detrital origin, and snggeeta that there may be 
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really two eeriee of rooks : (1) A esries of lirneetonea and seeooiated 
interbedded rook$ of sedimentary origin; and (2) a aeries of more 
mamive granitoid gneiseee, probably older and of unknown origin. 
This is a euppoeition only, and ie not eupported by other facts than 
the h t i o n  juat desoribed. 
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R E P O R T  O N  

BY 

LEWIS WOOLMAN. 
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ARTESIAN WELLS IN SOUTHERN 
NEW JERSEY. 

BY LEWIS WOOLMAN. 

There are presented in the following pages. records of welh bored 
in Southern New Jersey, moat of them within the present year (1896). 

These are classified geologically and arranged geographically ae 
follows : 

1. Those in Cretaceous strata-these are looated within a belt some 
fifteen or twenty miles wide upon the western side of the area' under 
consideration, and are arranged in order from south to north. 

2. Those in Miocene strata-these are situated upon the remaining 
or eaetern portion of the area and follow the others in order, but in a 
reverse direction-that ie, from north to south. 

3. Those in superficial strata of Pleistocene or later age, and which 
cover both the Miocene and Cretaceous beds-these wells may there- 
fore be found within both the eastern and western areas previously 
notid. 

The following localities are represented : 
Within the Cretaceous area-Gibbeboro, Lucaeton, ' Woodbury 

(Philadelphia, Pa.), Marlton, Delair, Rancocas, Burlington, Borden- 
town, Hightstown, Asbury Park, Ooean Grove, Lake Como, Sea Girt, 
Point Pleasant and Mantoloking. 

Within the Miocene area-Brigantine, Atlantic City (three welle), 
Longport and Wildwood. 

I n  the Pleistocene or more recent strata-Linwood and Clayton. 
5 (65) 
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ABTEBIAN WELLS IN THE CBEZIACEOUS. 

ABTHIIAN WELL AT QIBBBBOBO, N. J. 

Elevation, 100 feet; depth, 71 feet Water rim to within 16 feet of the eurfnca 

In the early aammer W. B. Kelly, of Berlin, pat down a well at 
the reeidenoe of John Law at Gibbeboro, and kindly forwarded to 
the writer apeaimens of the boring6 and a oarefally kept m r d ,  
whioh in ae foll~we, the notee upon the right Wig ,  however, oar 
interpretation of the geology of the etrata : 

Commend in the bottom of a dug well, 
depth 16 feet ; water not estisfsctory. 

1 

fMt. ( Yellowi~h mnd and gravel, nome pebbla 
large .e wdnute ; wafer-b-mg 16 feet to 18 feet. 

I 
......... 

lo , ( Finer mud, dil l  more yellow ; water- 
b b n g  .......................................... 18 " “  28 . 

8 . Clayey mod ...................................... 28 . "  31 " 
18 Orange-colored clay, with layers of 

quicksand. SL 44 
I .. ... ..................................... J 

13 “ Black-clayey ernd ............................... 44 .l‘. 67 . Miocene (?) 
3 l. Black mud and gravel ........................ 67 .I. 60 .I } 16 feet. 

Eocene (? ?) 
3 &l, gravel and -1 lone, with water.. 60 de 63 } fmt, 
1 “ Gravel and clayey ~ n d .  ...................... 63 " " 64 " 1 Limessnd, 
2 Limeatone ....................................... 64 " " 66 'I I contains 
2 " Shell, with water that eupplies the well.. 66 " " 68 " Bryozoa 

Stone four inchea thick. throughout, 
2 Clayey m d  and &ell ......................... 68 I. 70 " 1 dretaceoua 
1 Dark mnd and clay ............................ 70 (( 71 J 8 feet. 

Thie well ia four and a half miles mathweat of Marlton and ia 
located upon the 100-foot contour line at the eouthweatern base of 
a 198-foot hill whose eummit lies two and a half milea mathwesterly 
from the same town. According to Profemor Salisbury, in laat year's 
report, this summit is capped with Peneauken gravel. A well was 
once dog near to and about ten feet lower than the summit that 
m h e d  a depth of 82 feet without finding water. At that depth a 
fine quickaand was enoountered and further digging was abandoned. 
The middle marl bed outcrops on the northern elope of this hill at 
an elevation of about 90 feet, or about 108 feet from the summit. 
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So far as the author is aware, this well and one reported last year, 
a t  Joseph Cheeeeman's, near Harrieonville, are the only artesians in 
the State that draw their supply from the porous layers of the Bryo- 
zoan limesand that overliea the middle marl bed. 

The line of strike for this well is identical with that of the well 
upon the farm of Jacob L. Evene * two milea eaet of Marlton. A 
parallel line of strike but one-tenth of a mile distant passea through 
the location of the well at Joseph Evens * in cloee proximity to that of 
Jacob L. Evens. I n  both these wells the Bryoeoan limeaand was 
p a d  at a depth, with reference to sea level, approximating that of 
the base of this well. The top of the excellent water-bearing sand- 
bed beneath the middle marl was met with etratigraphically in theee 
Marlton wells about 66 feet deeper. Had the well at Gibbeboro been 
continued 76 feet further it would probably have reached the @me 
water-yielding horizon. 

ARTESIAN WELL AT LUCASTON. 

Elevation, 130 feet-Depth 110 feet. 

I n  the year 1893 an artesian boring was made at Lncaston station 
on the Reading Railroad Company's line to Atlantic City. The 
work was done by W. R. Kelly who carefully preserved and for- 
d e d  to the writer a complete aerie0 of specimens of the varioue 
earths penetrated. The elevation of the surface at thie etation is 
about 130 feet, and the location of the well is one and a half miles 
south of the d l  just previously described at Gibbboro, and in  con- 
sequence of its geographical poeition this well is about one mile 
farther out on the dip of the Cretsceoue strata. 

The record is as follows : 

Specimen. 
No. 1. Soil ........................................................ Surface to 1 foot. 

2. Fine yellow sand ...................................... 3 feet = 1 foot " 4 feet. 
............................. 3. Yellow loam and gravel 4 " = 4 feet " 8 " 

4. Yellow sand and gravel with water in it ........ 2 " = 8 " " 10 " 
........... 5. Orangecolored and yellow quickeand 20 " = 10 " " 30 " 

.............. 6. Whitish quicksand with water in it 10 " = 30 " " 40 " 
.................. 7. Dark,orangewloredsandyclay 10 " = 40 " " 50 " 

See last year's Report (1896)) pagea 214 216. And also Plate 10. 
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8. Altenmtiona of b h k  mud, reddish day, d u k  
d and -vet with ahell and c h a r d  
wood-tmmitiorul layera .................. ,... 18 f& = 50 feed to 68 feet 

9. Black mud, miaaora; vertebral bow of 
........................................... Moazaaunu 25 = 68 93 

10. Duk, chyey jpmmad, Glutoooitic ; anpace  
of turflc and tooth of M* ............... 1 = 93 a 94 '* 

11. Dark gravel with grains of greaarnd, lignite 
mdcampaceofhu& ......-................... 1 . ' = M  95 

1 2 G r e e m ~ d  .............................................. 1 “ = 9 5  96 
13. Black a n d  m d  gravel with lignite .............. 4 = 96 100 
14. Blnhh clay, wilh imn pyrite. considerable 

g r e m d  a d  mme jarminifem. ........ CrO.CrO... 5 = 100 " 105 ' 
15. Gray qmrbme sand with mkr. ................... 5 " = 1M " 110 a 

Thie well probably dram ita mpply from a sand over the Bryoau, 
l i m e a d  that in turn lies over the Middle Marl bed. The water 
rieee within ten feet of the aurface. 

hgTBBIhlO WELL AT WOODBURY. 

An ntteeian well waa bored at Woodbury, N. J., at the skating 
park, finding water at the depth of 130 to 136 feet in a gravel bed 
next below the clay marl. 

The well waa put down by Thomas B. Harper, who has courteooely 
farniehed the following record : 

........................ Sad, followed by a thin stratum of bloe clay to 30 f a t ,  
Black clay marl ............................................................... 118 
61od .............................................................................. 118feet" 130 " 

GraveL ........................................................................ 130 " " 136 " 

ABTESIAN WELL I N  PHILADELPHIA, ON LI'ZTLE DOCK STBEET, 

Depth, 96 feet. Draws water from the basal Cretaceow beds of the 
,Yew Jersey series. 

W. C. Barr inform ne that a well wae put down on Little Dock 
street, Philadelphia, a few years since. He states that a white clay 
was found between the depth of eighty-eix and ninety-four feet, be- 
neath which waa a mame, heavy, yellow gravel, with flat and egg- 
ahaped atones. Thie gravel containa water. The well wan finiehed 
with a depth of 96 feet. 
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ABTEBIAN WELL IN YARLMN, AT THE RESIDENCE OF 

H. B. DUNPHEY. 

Elevation, 105 feet; diameter, 3 inchea; depth, 200 feet. Water rises to within 28 
feet of the surface. 

This wall was bored in the fall of the present year by W. C. Barr, 
who furnished the following record : 

Top soil, yellow loam and gravel ........... 18 feet = 18 feet. = Pleistocene 
Black marl ........................................ 14 " = 32 " ) 

Middle marl 
1 

........................................ Green marl 9 " = 41 " 
Chocolate marl, with white shell, prob- and 

ably Oryphca 29 " = 70 " J Lower marl. I 8 ............................ 
Gray sand, with irony water ................. 12 " = 82 " 1 

1 3  
........................................ Black sand 10 " = 122 ' Clay marl I 

Black clay ......................................... 72 '. = 19 1 " 1 series. / 
Fine white sand, with good touter ............ 6 " = 200 " j J 

The water from this stratum roee to within twentysight feet of 
.the surface, but fell on pumping to @boat forty feet therefrom. 

The water noted above, at seventy to eighty-two feet, repreeenta the 
same horizon reported last pear for nineteen out of twenty-one wells 
near Marlton and Medford, and which generally furnishes excellent 
water. There seems, however, to be a small area around the cross- 
roads in Marlton where tbe impervious stony shell.crust that, mostly 
in this region, overlies this water-bearing sand, is absent. This prob- 
ably permits contamination of the water from this sand with that 
from the marl beds above. 

The remedy, in case of irony water in this re~ion, evidently, is to 
go deeper, as was done in this cam. The lower horizon utilized ia 
probably nearly equivalent with that at the depth of 176 to 183 feet 
i n  the Issctc W. Stokes' well near Medford, where the apper of these 
two water-bearing strata was met with at seventy feet, and likewise 
proved irony. 

ARTEBIAN WELL AT DELAIR. 

Elevation, 40 feet; depth, 78 feet. Water risea to within 40 feet of the surface. 

A well waa bored at this locality by W. C. Barr, who furnishes 
the following record, the aituation being along the Csmden and Bar- 
lington road : 
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Dog well bottom at  ............................................................. I feet. 
Dry coclrse smd ................................................................ SO feet 3 66 " 

........................ Stiff whits olay, h e  white mud, stiff white clay 18 " = 73 " 

h e  snnd and heavy gravel ............................................... 6 " = 78 " 

Thia well is eupplied with exoellent water from the yellowish 
white grnvele within the plaatio claye. 

AaTEBIAN WELL NEAR RANCOCAB. 

Elevation, 78 feet; diameter, 3 inches; depth, 124 feet. Water risea to within 63 
feet of the surface. 

During the summer a well waa bored by W. C. Barr for Alb& 
Hansel1 on the road from Beverly to Bsnmas, about four milea from 
fhe former place and one and one-half milee from the latter. 

W. C. Barr furnished epeoimene of the boring6 and the following 
record : 
Loam ........................................................... 3 feet = 3 feet. 
Reddish gravel .............................................. 10 " = 13 " 

...................................................... Red clay 2 " = 16 " 
Black clay .................................................... 106 " = 121 Clay Marla 
White sand ................................................... 3 " = 124 Cretaceous. 

The bluish-gray mnde probably near the base of the clay marle, 
furnish the water-supply of this well. 

ABTmIAN WELL ONE AND ONE-HALF MIL= SOUTH OF 

BURLINGTON. 

Elevation, 72 feet; diameter, 6 inches; depth, 128 feet. Water risea to within 4& 
feet of the surface. 

W. C. Bam furniehee the following mrd of a well put down by 
him on the road from Burlington to hnoocae, and about one and a 
half milee from the former city : 
Top ssnd. ............................................... 8 feet = 8 feet. ) Recent. 
h d y  crust ............................................. 2 " = 1 O U  
Gravel and quicksand ............................... 3 " = l3 'I } Clay marb. 
Green marl ............................................. 46 " = 69 " 

Red and white clay .................................. 7 " = 76 " 

White clayey ssnd.. 9 " = 
I ............................... 

" I Red cIay ................................................ 21 " = 108 " , 
Gravel and red sand ................................. 4 " = 110 " 1 Plastic clays- 
White clay ............................................. 16 " = 126 " 

White sand and water 6 " = 132 " I .............................. 
Heavy yellow gravel and water .................. 3 " = 135 " 1 
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With a hot air pump 1,600 gallone an hour were obtained from 
thia well. 

The eupply of water comea from the yellowish-white gravels within 
the plsstio claye. 

Elevation, 16 feet ; depth to water, 196 feet; depth to crystalline rock, 220 feet. 

A teet boring wae made at Bordentown, at the base of the bluff of 
clay marle and overlying gravela that f a m  the Delaware river. The 
work was done by Kiiner & Bennett, who courteonely furnished the 
following m r d  : 

...... Made ground, bricks and mortar, &c 6 feet = 6 feet. .. .................................. Dry white sand 11 " = 17 1 1 
Blue clay, nodulas of iron pyrites ; some .. ................................... sand streaks 14 = 31 " 
Coarse sand, blue-gray 22 " = 63 " 

I 
White clay 3 " = 66 " 1 Clay mark 

......................... I 
..................................... 

...................... White sand, irony water 16 " = 71 " 
White clay ....................................... 1 " = 72 " i Blue-gray, coarae sand, irony water ......... 17 " = 89 " 
Blue clay ........................................... 6 " = 96 " ) .. White sand ....................................... 6 = 100 " 
White and red clay ........................... 26 " = 125 " 

....................................... Plastic claya 
White mad 6 " = 180 " 
Red clay 65 'I = 196 I' 

I .......................................... J 
Sand, with water that ria= about to tide- 

level or within 15 feet of the surface. 

This well wae proepted beyond to the oryatslline &-bed, which 
was found at the depth of 220 feet. The water is aaid to contain too 
muoh iron. A noted eanitary ohemiet hae, however, stated to the 
writer that in all other reapeota it is a good aanitary water. The 
aame authority also believe5 that if properly treated and aerated the 
iron will be oxydized and the water rendered god. 

Elevation, 73 feet ; four we14 diameter of eacb, 6 inch-; depthe, about 200 feet. 

Four welle at Hightatown, additional to these noted in laat year'e 
report, page 200, have been pat down by Kianer & Bennett, who 
furnish the m r d  below : 
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Top mil ................................... 4 feet = 0 feet to 4 feet. 1 
.................................... Black clay 36 " = 4 " " 

White sood, with lignite; water-bear- 
' 

g 9 U  I 
ing ........................................ 27 " = 39 " " 66 " 

Dark-blue clay. ........................... 9 " = 66 " " 75 " 

White clay 4 " = 172 " " 176 " 

....... i "" 
Couaewhite ssnd,w&-bearing 97 'I = 76 I' 'I 172 " J 

.................................. 
White sond, wcctcr-baring ............... 26 " = 176 " " 202 " 
Whiteclay .................................. 4 " = 202 " I' 206 " 

The watar:yielding sand eupplying these welh occupiea the twenty- 
eix feet of inttkval between the depths of 176 and 202 feet. 

The wells are 160 feet apart, and are upon ground having an 
elevation, according to the borough aurvey, of 72 feet. 

DEEP ABTEBIAN WELL AT ASBUBY PABK. 

Elevation, 10 feet; total depth attained, 1,321 feet; depth of water horizon utilized, 
1,083 feet to 1,130 feet. Overflow, 176 gallons a minute. 

The water commiesionere at Asbury Park having determined to 
proepect for water from deeper horizons than had heretofore been 
used, Uriah White haa bored a well to the depth of 1,321 feet, which, 
however, waa finilly finished with a depth of about 1,130 feet. 

From this, and from previouely-bred welle, Uriah White has 
kindly forwarded epecimene of the etrata. The writer also obtained 
from the water commissionera a seriee of brings of the firat well 
put down for them many yeara since, and which had been preserved 
in their office. This set is especially valuable, eince the material waa 
obtained by the sand bucket and not by the wash-out process now 
commonly employed. Specimen8 obtained by this old process pre- 
eerve the sands, clays and marls more nearly in their natural condition 
and enable one to judge more correctly of the character of the beda. 

After coneiderable study of the various brings, the following con- 
densed record of strata beneath Asbury Park is presented : 
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TBICKNBBB. INTEBVAL. 

16 tt. Surface soil, &c ......... to 16 ft. - Recent, 16 feet. 
64 Brownishclay, called 

rotten stone; at  
about 40 feet, con- 
tains dtalons, in- 
eluding Heliqpclfu.. 16 ft. " 80 " - Miocene, 64 feet. 

Ash-colored clay ; re- 
1 

..... U " Light-colored clay 80 " '. 93 " semblea the ash marl, 
at  100 to 140 feet. 

Blue marl of Prof. G. H. 
................. 7 " Greensand 93 " " 100 " Cook ; or upper layer, 

Upper Marl. 
40 '' Whitish clay ; cou- 

b ins  abundance of 
joraminifera ........... 100 " " 140 " = Ash marl of Prof. Cook. 

Clay containing con- 
slderable green- 
sand ..................... 140 " " 160 " 

................ 160 " " 180 " Green marl of Prof. 5 " 
 lay, conts~ning con- - { cook; or lower layer,) 3 $! ' 

siderable green- Upper Marl. 
..................... sand 180 " " 200 " 8'1 

40 " Whitish clay and a 
thin stratumofBry- 

..... moan limesand 200 " " 240 " - Limesand of Prof Cook. 
40 " Greensand, Tmcbrd- .. ...... da and Qryphea 240 " " 280 Middle Marl. 

7 " Black sand, with a 
IUUetoaterthatover- 
flows ...................... 280 " " 287 " Redbank formation, Dr. Clark ; 

Greensand, w i t  h -l 
= 

or red sand bed of Prof.Cook. 

some clay on top I 

I 
1 = 

Lower Marl bed, 143 feet. 

SO "  ray sand. with wat&.. 380 " " 430 j 
[ A l t e r n a t i o n s  of)  

sands and clays, I waler-bearing be- 1 
200 " { low 500 feet ........ t 430 " " 630 " Laminated sand of Prof Cook, 

Lignite at 514 feet, I conglomerate at  ( 
( 615 feet .......-...... J 

824 " C 1 a y a containing 
............. greensand 630 " " 954 " 

Fine whitish-gray 1 = Clay mark. ...................... ing 
~ i ~ ~ i ~ ~ ~ ~ , m f ~ ~ ~ ,  95' " I026 ) 

r o c k  a t  1,0261 
I. feet ...................... J 
Bandy clay ............... 1026 " "  1060 " 

............... " "  " White clay 1060 1067 
Bluish clay ............... 1067 " " 1083 " 
Coarsewhirish-gray 

[ sands, waier-bear-) 
..................... ing I 

" Lignite and con- I 1068 1135 ' I  / = Probably trannitlon layera be- 

glomerate at 1,100 
tween tbe clay marla and the 

feet J plastic clays. ..................... 
Dark-bluish sandy 1 clay .................... 1 

I among them. EL 1 
m a  .................. J 
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This well wae finally finished with a depth, rs previomly stated, 
of about 1,130 feet, and dram water from a mame white eand and 
gravel below the depth of 1,083 feet. The water ia mid to have a 
nataral flow of 176 gallone a minute and will riee in the pipe twelve 
feet above the street level. 

The total depth attained, 1,821 feet, probably carried thi boring 
to within fifty or one hundred feet of the plmtic clays of the Raritaa 
formation, at the baw of which, in the region about Camden and 
Gloaoeeter and to the atward, ooour aorurre cobblaetone gravele 
which furnish a ooneiderable enpply of good water. 

ARTESIAN WELL AT OCEAN QBOVE, N. J. 

Elevation, 20 feet ; depth, 1,134 feet. 

Daring the eummer of 1894 a well was bored at Ooean Grove to a 
muoh greater depth than that of any previoae well there. The work 
wae done by Uriah White, who has forwarded epeairnene of the 
boring6 to the writer. 

After an examination of the epeoimene and a oomparison witb 
notee furnished by the contractor, the following reoord hae been 
compiled : 
20 it. Burface sand0 to .................... 2 0 8  -Recent. 
66 "Brownleh clays, celled rotten 

atone ; no micmcopic or- 
ganisms seen ..................... 20 ft. to 76 " - Miocene, 66 feet. 

19 '' Lightcolored clay, contain- 
ing eoceolllhs and Joramtn- 
Vera ..................... " ............. 75 " "  

11 " Llght-colored clay, contaln- 
ing mdiuls ....................... 94 " " 1M 

Upper layer - Upper 
8 " Pure greensand ..................... 101, " " 118 ‘I Marl or BlueMarl of 

47 " Whitish clay, containing 
EooedWa and Joramin- 
Vera ..,...... .......................... 118 " " 160 " - Aah Marl of Q H. Cook. 

48 " Darker clay, much mixed 
with greensand; greensand 
layer at 172 to 198 feet ......... 160 . ' "  208 " 

19 " Hard clay, with greensand 
grains through it ............... 208 " "  227 " 

87 " Clay, with much greensand ; 
brpmm, eehfnw @m, No- 
dosariu and other Joramin- 
Vera at 261 to 264 feet ......... 227 " " 284 " - Limesand of Ct.H.Cook 

20 " UmyW gnwnsand, with 
fmminUera, Naloaada, Midd le  Mar) 
kcl  ................................... 264 " " 284 " - Middle Marl. bed, R feet. 

16 " Greenland, with commin- Red-bank nand of W. 
nted 8heU at the bottom ..... 284 " " 900 " ) - ( B. Clark. 

81 " Greensand ; she11 at 882 feet ... 900 " " 881 " - Lower Marl bed, 81 feet. 
7% " Gray sand; comminuted 

8hd4 .- ................................. 881 “ " 457 " 
89 ~ t n y  sand, with mu1 ,......... 467 - a& 496 ,, Laminated sands, or upper division ot 
67 " Gray sand ............................ 496 565 I. 1- { the Clay Mula, 171 feet. 
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Below this depth the specimens did not come to hand. Four feet 
of rock, however, were passed through, between the depths of 684 a d  
688 feet, after which identiaally the aame sucoession of laminated 
aands and clay marls were encountered as were met with in boring 
the deep well at Asbury Park, of which the record immediately pre- 
d e e  thie. The total depth reaohed wae 1,134 feet, the water being 
obtained from a heavy bed of ooarse white gravel and eand at the 
bottom. The horizon utilized by this well is the same ss the one 
used in the well just noticed at Asbury Park, which did not find 
water at the greatest depth reached by the boring, but in a mame, 
whitiah aand higher up, between the depths of 1,083 feet and 1,130. 

ABTEBIAN WELL8 AT LAKE COMO. 

Depth, 636 feet. 

Uriah White reporte that there are two or more wells at Lake 
Como, about four milee south of dsbury Park. One of these welb 
has a depth of 636 feet and dram water from the 400-foot horizon 
of Asbury Park. The record, in brief, is approximately ss follows E 

Superficial sands ............................................................... 80 feet, 
Miocene clay, commonly called rotten atone. .......................... 40 feet = 120 " 
Succession of marly clays and greensand marls, &c ................. 416 " = 536 " 

ABTEBIAN WELL AT BEA QIBT. 

Elevation, 11 feet; depth, 756 feet. Water flows 60 gallons a minute and risee 1s 
feet above the surface, or 24 feet above tide ; temperature, 6b0. 

Before the commenoement of the summer seaeon at w i d e  reaorts, 
Uriah 'White completed a well at the Beach Houee at Sea Girt, 
N. J., and oourteonaly preserved and forwarded a full series of the 
brings. 

The following ie the record : 
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S " Llghtalored g reen i sh  
clay, Conwnr WciWlffI* Ashalored c 1 a y , 

............. 8"' " - m u c h  l i k e  uh 
and$numin@ra marl, at 275 to W 

10 ft. Beach or dune rmd, m- 
f.oe to. ......................... 10 R. 

.................. 2 " Ydb*h b y  loft " }- Becent ............ ............... ,.. 25 feet. 
l 8  " Yellow s n d  and gravel .... 12 " " 25 a s  

1 feet. 
m B- nand marl, daueon- Upper Wer. Upwr 

itic ., ......................... ,.. 
7 0  " Lightgreen marl, conUn8 Marl of Prof. Q. H. 

/orcunwenr, 9Ba to rn 

........ " "  %I " &lid blue rmdy clay 25 60"‘ 
I0 '' &lid blue clay, with 

ntreab of s n d  and 
wood ..... , ....................... 60" 60 8' 6' 

" Plne white s n d  ............ ,. 60 " 66 .. 4 ~ u d  a ...................... 66 m 
a " @and and he l l  .....,......,. 70 a 79 u 

Clean white s n d .  11 ft ... 

feet ; hud blue stone8 in 
the marl.. ..... , ...... , ....... 

. - Port Pliocene, or Plimnr,  101 feet. 

" Black fimd marl, glauwn- Green marl of Q. H. 
ittc ,......... ..................... M ** 860 " - 1 COOL or the b w e r  

47 { Coam white s n d ,  lti ft.. 79 " " 
m e r  white a d .  a1 h... 

} ~ l a J  

I09 " Browni rh  c l a y ,  with 
-of rmd ;  lipniteat ........... ............... .. 126 to 146 fwt ..................... a 286 - Miocene , 109 feet. 

( layer; Upper Marl. 
Aeh color. sfmilar to 

ught-mnLshhgray C ~ Y ~ .  *O MO s l  - 1 , , ,, 

......................... .SO "  ray marl 

-S9 l ' B l a c k  marl ....................,.. 450 " " 439 " bed and - ( red nand. . - 

........................ 81 '. Randy marl 489 " " 570 " -Lower Marl bed - 81 feet. 
KI " Sand, wder-bearing ... .......... 670 " " 620 " I (Laminated 8 a n  ds, 1 
'74 " Dark, nandy clay ............... 620 " " 694 " ......... " “  

equ* the upper di- 1 1 - -28 " Sand, waler-bearing ., 694 120 " vision of the Clay - 186 feet. 
16 " Dark clay6 and crusts ........ 720 " " 7 s  " Marl aeries of the 
20 " Bsnd, roalcr-baoring ..,......... 785 " " 755 " 

The bottom of this well corresponds with a &pth of about 650 
feet at Asbury Park. 

ARTESIAN WELL AT POINT PLEABANT. 

Kimer & Bennett report that in 1893 they drilled a well at Point 
Pleasant to the depth of 806 feet, obtaining water that rose in the 
pipe 36 feet above the ground, and flowed at the surfaoe 45 gallone a 
minute. From notee furniehed, the following record ie made out : 
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Sand and blue clay to .................................... 100 feet. 
Brownish, miocene clay, called rotten stone...... 80 feet = 180 " Miocene. 
Variations of marly cIays, greensand marls and 

laminated sands. ..................................... 566 ' L  = 746 " } Cretaceom 
White nand, containing lignite, water-bearing ... 60 " = 806 lL 

The water horizon reache3 is probably that of the 660 to 600-foot 
wella at Asbury Park. 

No. 1. Depth 175 feet,* in the Miocsne. 
" 2. " 790 = 400-foot horizon at Asbury Park, in the Cretaceoua. 
" 3. 922 " = 550 to 600-foot horizon at Bgbury Park. Cretaceoua 

At varioue titwe, einoe about the year 1887, there have been mads 
three boringa at Mantoloking by Kiener & Bennett. 

The first well wae notioed in the Annual Report for 1889, wherein 
it is etated to have a depth of 176 feet.* A mond well wae afterwards 
bored to 790 feet-to the 400-foot water-bearing aand of Asbury 
Park, whioh was here found occupying the interval between the 
depthe of 690 and 740 feet. 

Still later another well wae sunk to the depth of 922 feet, drawing 
water from a aand between 872 and 922 feet. Thie horizon ie 
probably the equivalent of 650 to 600 feet at Aabu ry Park. 

ARTESIAN WELLS I N  THE MIOCEXE. 

ARTESIAN WELL, BRIGANTINE, N. J. 

Diameter, 6 inches; depth, 798 feet ; overflow, 100 gallons a minute. 

During the early summer of the preeent year Uriah White, oon- 
tractor, enccesefully finished an artesian well at Brigantine. From 
epimens oarefully eaved and from notea kindly furnished to the 
writer, the following reeord has been made : 

Kisner 8 Bennett have recently informed the writer thrt the water furnished to 
well No. 1 came from a coarse sand at the depth of 130 to 140 feet. 
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Thie well waa finished with a 60-foot skiier-point drawing from 
.below the depth of 738 feet. . 

On oomparing the stratigraphy ef this well with that of the wells 
a t  Atlantio City, Lsngport and Ooean City, while there ia fonnd to 
be an identity in the euooeeeion of main beds, there is also to be ob- 
.served the following differenom : 

The sands and gravels, with their few thin interbedded olay seam, 
whioh s t  Atlantic City terminate s t  the depth of about 266 feet, here 
4 a depth of 348 feet. They are slm more prevailingly of a 

.......................... Gray a n d  from the sorfsce to 60 feat.-(-& 
(Contained shell at 40 to 60 feet) 60R 

White sand, with a white clay streak at 70 feat ... 60 feet to 90 " 1 
Yellow esnd ; yellow clay streak at  110 feet ...... 90 " " 110 " 
Sand, shade like that of a good quality of brown 

sugar; clay streak at 166 feet ..................... 110 " " 180 " 

(a) Yellow nand; clay at 206 feet .................... 180 " " 207 " 

(b) Yellow sand, slightly lighter in color .......... 207 " " 240 " 
(a) Yellow nand, shade of (a) .......................... 240 " " 260 " 
(d) Yellow sand, slightly reddiih caet 260 " " 280 " ............... 
(a) Yellow sand, not m red, contains black sand 

graim scarcely noticed above; clay streak-at 

Pleiatocane, . 
288 ft. (?) 

288 feat ................................................... 280 " " 801 " 
V) Yellow mud, very slightly reddiih a&........ 801 " " 320 " 
Brownish mud and clay, sponge spiculm 348 " " 568 " 

I 
(g) Yellow sand, dightly red =shade of (d) ,.... 320 " 348 " ) ........... 

......................... Alternatiom of mod and clay 568 " " 889 " 
Sandy clay, a few diatom ............................... 889 " 413 " 

Brownieh clay, d- ........................... 413 " " 434 " 
....................... Brownish clay, unminu1Ld shell 434 " " 464 " 

Brownish clay 464 " 471 " 

1 
.............................................. 

Bluish clay, fine texture, dicrlomoesmu .............. 471 " " 484 " 
Bluish clay, dialomocsow 484 " " 617 " 

I 
Sand, with some water 617 " " 626 " 

................................ I 
................................... 

Blnieh clay, diatonraecous ................................ 626 ' l  " 638 " I Miocene, 
-Sand ......................................................... 638 " 640 " 
Bluish clay, dialomoecow. ............................. 640 " " 626 " 
Clay and fine and coarae nand, eomminulcd ahdl 

thwug]iout ................................................ 626 " " 641 " 
Clay ................................ ; ......................... 641 " " 670 l' 

I 497 

Sand, some cwUr at 
I ....................................... 

070 I .................................................. Sandy clay 670 " 728 
Brownish sand, come .................................. 728 " " 748 
Brownish mod, somewhat finer ........................ 748 " " 763 " 
Brownish esnd,fine 763 " " 798 

I ....................................... 
Watm-buuing stralq 728 to 798 feet, but not entirely penetrated. 

J 
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yellowish oolor, at least from 180 feet downward. Them sands and 
gravels are, either wholly or in large part, of Pleistocene age. 

The top of the brownieh water-bearing sand horizon beneath the 
great Miooene diatomaaeous and associated clay beds waa found at 
the depth of 728 feet in dm harmony with the depth thereto of 720 
feet at Lmgport, while the depth to the same bed at Ooean City ie 
766 feet; at Atlantio City, on the meadows, it is likewiee 765 feet, 
though near the b h  it is 770 feet. 

The Miocene olaye at Brigantine are diatomaoeozls from the depthe 
-of 389 feet to that of 670 feet, thus showing a thickneee of 291 feet. 
A few fwarninifera and also polyoietina were obeerved in them olays. 

The ehells of mollueos noted at 40 to 60 feet were probably r w n t  
forms. Those noted at 434 to 464 feet and again at 626 to 641 feet 
were undoubtedly Miooene ar, known from boring8 elsewhere-they 
were, however, eo finely oomminuted, probably by the drill, ae not to 
be identiiiable. 

The oorreapondenoe of the three water horizons with the errme 
horizons at Atlantic City ie noted below : 

At Brigantine. At Atlantic City. 
Depths. Depths. 

617 to 52.5 feet = 625 to 650 feet. 
670 " = 725 " 

728 " 798 " = 755 " 813 " 

The first two of them water horizons are the minor horizons noted 
a n  page 156 of laat year's report as occurring reepectively in sands 
near the middle of the great diatom and near the base of the same 
bed, while the lowest is the equivalent of what ie noted in the mme 
paper as a principal horizon, ocourring about 100 feet below the 
.mid diatom bed. 

While the supply of water in this well was soant from the two 
upper horizone i t  was abundant from the lowest one, and flowed over 
&he surfaoe at the rate of a little more that 100 gallons a minute. 

A B T m A N  WELL AT THE BBIGHTON, ATLANTIC CITY, N. J. 

Elevation, 10 feet; diameter, 6 inches ; depth, 843 feet. Overflow about 
100 gallons a minute. 

The twelfth eucceaaful artesian well at Atlantic City, N. J., was 
completed at the Brighton House in November of the present year. 
This well ie located about one-half mile nearly southeast of the group 
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of wella put down npon the meadowe for the Coneumer'a Water 
Company. A full detailed report of the dmpeet of these wells 
(1,398 feet), with an illustrated columnar eeotion, appeared in the 
Annual Report for 1889,* while record8 of- each of the othera m u r  
in each enbaequent Annual Report. 

A line drawn from the location upon the meadows to that of 
the Brighton Houee approximates the direction of the dip of the 
Miooene beda and their sssooiated water horizone. Through the 
oo&y of the oontraotor, Uriah White, and of hie en perintendent, 
epecimene of the borinp were mmived. An examination of these 
ahows that the eame eucloeeeion of beds wae met with aa in the former 
welie, but that after reaohing the Miooene the depth to corresponding 
horizona waa about twenty feet deeper in thie well than in those npon 
the meadows. After making an allowance of a few feet for the 
greater elevation of the ground at the Brighton, this difference in 
depth oorreeponde olosely with the amount of dip heretofore indicated 
in these reporta of twenty- five or tweuty-six per mile, southesst, for 
the Miooene water horizone. This rate of dip holds good for a con- 
eiderable belt of oountry, both north and south of a line oonnmting 
Winelow and Hammonton with Atlantio City. I n  Cape May county 
the record published laat year of a deep well at Wildwood, indioates 
that the dip in that oounty ie not eo great. I n  faot, data in the 
author's handa pointa to a gradual deoresee in the amount of dip of 
the M i m e  ae we proceed southward through Delaware, Maryland 
and Virginia. 
Aa may be inferred above, this well is looated on ground a few feet 

higher than that of any other of the Atlantio City artesians. It 
will overflow at the surface at all times. On the addition of a few 
feet of oasing to the top the flow ceases. The level of the water bas 
then been found to rim and fall about fifteen inchee, apparently with 
the tide. This fact has been verified by the engineer of the Brighton, 

- - 

*The geology and paleontology of this well (1,398 feet), with a similar illus- 
trated section, wss published in the Proceedings of the Academy of Natural 
&iences, of Philadelphia, for 1890, pagea 132 to 147, also page 444. 

A paper on the geology of the first well (1,100 feet) had previously appeared in 
the Academy's Proceedings for the year 1887, pagea 339 to 342. This well is located 
at the gas works, about one-fourth of a mile southeast from the group on the meadows 
above alluded to. 
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who, at the writer's request, carefully obaerved thie phenomenon for 
two weeks and compared the asme with a daily tide-table card he had 
at hand. 

The following shows the geological succession as revealed by an ex- 
amination of the boring8 from this well : 

65 feet. Beach fiands, with 5 or 10 feet 
of mud a t  the base ............. 65 feet. =Recent, 65 ft. 

Gravels and sands, mostly sands, 
with gravel and pebbles a t  
the top; prevailing color of 

........ this division, yellowish 65 feet to 300 " =Pleistocene(?),235R 
Drab-colored sands ................ 300 " " 400 I' 

Diatomaceous clays (fossil mol- 
I 

- I lwes  642 to 670 feet) ........... 400 " " 700 I .  

Sandy, gravel1 y clays, fossil 
shells, but no micro-organ- 
isms 700 " " 730 " 

I 
............................ 

Gravel, sand and shell, water- 

I 1 = ~ i a e n e ,  541 h 
bearing ............................. 730 " " 743 " 

Ron-diatomaceous sandy clajs.. '743 I' " 770 " 1 
Brownish sands, shade varying 

to gray near the base ; wate? I 
in abundance ..................... 7 i0  " " 810 1 ...... Gray micaceous quicksand 840 " " 843 " 1 

The water horizon utilized by this well (770 to 840 feet) is the 
equivalent of that supplying wells noticed in this report as put down 
at this place for the Cooling Company and for the Electric Light 
Works, and also at Brigantine and Longport. 

ARFESIAS WELL I N  ATLbNTXC CITY, AT THE ATLhNTIC CITY 

COOLIKQ COMPANY'B PLANT, BALTIC AVENUE, NEAR TEN- 

NESSEE AVENUE. 

Diameter, 6 inches ; depth, 813 feet ; overflowed 105 gallons a minute ; pumped 400 
gallons a minute. Temerature, 66O. 

Early the present year a well was put down by Uriah White for 
the Atlantic City Cooling Company. The following record of thie 
well was furnished by Frank Brower, superintendent : 

The depths to the bottom of the Pleistocene sande at 268 feet-to 
the top of the great 300-foot diatom bed at 376 feet, and to the top 

6 
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of the great 60-foot- water horia~n beneath the distomaoeous clay bed 
at 765 feet-oorr&pond very closely with the reoords of previous 
wells at this locality. 

.................................... ' ~eadow mad 4 feet = 4 feet. 
........................................ Gray sand 56 " = 40 " Recent, 70 feet. 

White sand. ..................................... 30 " = 70 " 
Brown clay , ..................................... p U = 7 6 "  
Varioue-colored gravels 16 " = 90 " 

I 
1 ...................... 

White clay ....................................... 3 " = 93 " I 1 Pleistocene (?), 
Gravel ............................................. 17 " = 110 " 198 feet. 
Yellow sand ..................................... 40 " = 160 " 
White ssnd, in layem. ........................ 62 " = 212 " I 
White ssnd ....................................... 66 " = 268 " J 
Brown clay, with streaks of eand from 

which waier pawed ........................... 24 " = 292 " I 
Dark-brown or red sand ...................... 83 " = 376 " 
Clay ............................................... 180 " = 656 " 

... Band, cucr(er@ed aevcn gallons a minute 16 " = 670 " 

Clay .............................................. 120 " = 690 " I 
I 

sand, wakv fiwed j v e  g h  (4 minute. 20 = 710 " I .. ... } Miocene, 646 feet. 
Clay ................................................ 11 " = 721 " 1 
h d ,  with water .............................. 24 " = 745 " 
Clay .............................................. 10 " = 756 " 
Reddish-brown sand, with w a t a  30 " = 786 'I 

I 
........... 

Light-bluish clay, six inches; whitish I 
sand, with water .............................. 28 'I = 813 I' J 

Thie well was finiehed at the bottom with a fifty-foot etrainer. At 
its completion the water flowed over the surfaoe at the rate of 105 
gallons a minute, and rose in the w i n g  to a height above the surfam 
of nine and one-half feet. The temperature of the water is 66O. 

Miocene clays, with an occasional thin sand parting, occupied the 
380 feet between the depths of 376 and 755 feet. The upper 300 
feet of this interval wse probably diatomaceous. Specimens, how- 
ever, were not received. 
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AUTEBIAN WELL, ATLANTIC CITY, AT THE ELECTBIC LIGHT 

WOItK8, BAILBOAD AVENUE, NEAB KENTUCKY AVENUE. 

Diameter, 6 inches ; depth, 809 feet. 

A well waa bored during the summer by Uriah White at the 
above locality. The record ie in all respect0 substantially the aame 
ae that furnished for the well at the Atlantic City Cooling Company's 
plant, exaept that a log or tree, which was probably in a half upright 
.position, was met with between the depths of 240 and 250 feet, or 
just above the top of the Miocene which m u r s  at this locality at the 
depth of about 266 feet. 

A aeries of apeaimens of the boring8 from the surface to the depth 
of 390 feet was, by request, kindly furnished by the contraotor and 
his superintendent. Thew cover the recent and underlying Plehto- 
aene minds and gravels, and the upper portion of the Miocene to the 
top of the great 300-foot diatom bed. They compriee for the strata 
above the Miocene a much more complete aeries than has heretofore 
been obtained of thew superficial deposits from this locality. 

The full set will be deposited in the collections of the Survey at 
Trenton. A comparieon of these and other boringe in the Pleistocene 
already deposited at Trenton ought to reveal much of the strnctnral 
relations of these strata up and down the beachee and inland. 

The water horizon from whioh this well draws occupiea the inter- 
val between 766 and 809 feet. 

ABTEBAN WELL AT LONGPOET. 

Depth, 803 feet; diameter, 6 inch-. Overilow, 180 gallons s minate. 
Temperature, 66'. 

Early in the year a well was put down by Uriah White, at Long- 
port. Through 'the courtesy of M. 8. McCullongh, who wae finan- 
cially interegted in the enterprise, and of the superintendent, a full 
.aeries of specimens of the boringe were furnished. After a careful 
examination of these, the reoord introduced below hae been made. 
O n  the oompletion of the boring, the water flowed 180 gallons a 
minute, at the surface, and would rise in the pipe fourteen feet above 
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the ground, which, however is bat a maple of feet or MI above higb 
water. The tamperatare of the water ia 66O.* The well hae a fifty- 
foot strainer-pipe of four and one half inohee ineide diameter a t  the 
bottom. I t  drawe ite eupply from the eixty-foot eand bed that ie now 

-0ertain1y known to oocur about 100 feet below the great Miocene 
diatom bed of the Atlantio ooastal plain. Thi well haa the greatest 
natural flow of any well that has pet been put down to this horizon. 

Ordinary beach sand, some fragments of 
shells in the lower 10 feet ..................... Lo E5 feet. } Recent, 76 feet. ................. Mud or clay, contains diafama 66 feet " 76 " 

........................................ Whitish sand 76 " " 125 " I ............... Pleistocene, 
Clayey sand, oo micro-organisms 125 " " 130 " 93 feet. 
Yellowish-white sand .............................. 130 " " 168 " 

Clayey sand .......................................... 168 " I' 154 " } Age (?), 92 fee&- 
Drab-colored sand ................................. 174 " " 260 " 
Sandy clay.. .... .;. .................................. 260 " " 272 " I 
Sand ................................................... 272 I' " 292 " 
Sandy clay, with diatoms .......................... 292 " " 310 
Eland, with clay ..................................... 310 " " 320 " 

Clay, contains dialoms and fragments of 

I 
m o U w  320 " " 330 " 

I 
............................................. 

Clayeyeand .......................................... 330 " I' 374 " I 
Clay, with diatoms .................................. 374 480 " Miocenq643f- 

.............................. Sandy clay, diatoms 480 " 500 ( Diat  omsce- ) 
Clay, nand and shells ............................... 500 I' 605 'I I I ous  292 t o  
Sandy clay, dialoms 505 " " 613 " 664 feet = 
Clay, diatoms 613 'I " 664 " 

................................ I 1 (312 feet of ( ......................................... 
............................. Sandy clay, with shed 664 720 (thickness. I, 

Brown sand, water-bearing, the lower 23 feet I 
a finer sand of lighter browla than above.. 520 " 'I 803 " J 

The mnd or alay at fifty-five to seventy-five feet, which containe 
diatom, ia probably the equivalent of similar diatomaceoue depoeite 
ocourring at the following placea : 

At Wildwood, at the depth of 29 feet to 46 feet. 
11 ~ b ~ ,  II I I  I I  I I  18 u II 24 'I 

" Atlantic City, " 'I " i O  " " 90 I' 

" Beach Haven, " I' " 65 " 
" Long Branch, outcrop. 
" Bridgeton, II 

" Buckabutem, near Millville, outcrop. 
" Mays Landing, outcrop. 

*A small flow of water occurred at the depth of 536 feet. This bad a temperature 
of 5i0.  
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The shells observed at 320 to 330 feet were so fragmentary as to 
be unidentifiable, but they probably represent the St. Mary'e portion 
of the Chesapeake, which has been reoognized at Wildwood by 
Melanopeie Yorytandida and other shells found at the depth of 409 
h 428 feet. 

The top of the diatomaoeous portion of the Chesapeake Miooene 
was found nearly 100 feet higher than in the Atlantic City wells, 
wven miles to the northward. It occurs here at the depth of 292 
feet, while at the last named place it is met with at the depth of 380 
feet. The lowest diatomaceous specimen observed came from the 
depth of 664 feet. The bed thus preeenta here a thickness of 372 
feet. Along the coast the thicknew of the bed is less to the north- 
ward and greater to the southward. The bed also probably thins 
out inland, since ita thickness as shown in outcrops in Maryland 
and Virginia average. about twenty-five feet. It, however, thickens 
-outward upon the dip, which is southeastward in New Jersey and 
nearly eastward in the more Southern Btates. 

The intervals of depths between whioh it occure at varioue looalities 
from each of which the writer has a full series of borings are as tabu- 
lated below : 

A t  Asbury Park, N. J , between the depths of 16 ft. and 94 ft. = 75 ft. thick. 
" Barnegat, ' a t  " " " 120 not passed through. 

Harvey Cedars, " between " " " 164 " and 316 ft. = 151 ft. thick. 
" Beach Haven, 'I " " " 290 " " 543 ft. = 253 " " 
16 ~ ~ i ~ ~ ~ ~ i ~ ~ ,  I .  II cc I u 389 I; I I  670 " = 281 " cc 

< I  ~ ~ l ~ ~ ~ i ~ ~ i ~ ~ ,  u u u 11 u 380 u t i  670 11 = 290 u u 

(Beneath the meadows.) 
'I Atlantic City, N. J., between " 'I " 400 " " TOO " = 300 " " 

(Beneath the beach.) 
.I' Ocean City, N. J., between " " " 300* " " 680 " = 380 " " 

" Wildwood, " " c c  cc u 370 u cc 793 cc = 423 61 c c  

I' Clayton, Del., I I  ' 100 " 150 " not passed through. 
I' Cambridge, Md., cc c c  I' 192 u u 335 u <I u cc 

" Crisfield, 'I cc <' 365 <' 771 = 406 feet thick. 

*In last year's Report, the interval for Ocean City was stated to be between the 
depths of 370 and 330 feet. A re-examination of the specimens reveals diatoms at 
a n  earlier depth, viz., at  that of 300 feet. 
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U T E S U N  WE= AT WILDWOOD. 

No. 1.-Depth, 216 feet ; water did not overflow. " 2.-Total depth, 1,244 feet ; dram water a t  887 to 931 feet ; overflows. " 3.-Depth, 865 fmt ; draws water at 680 to 866 feet; ovedows. 

During the present year an artesian well has been put down at 
Wildwood by the American Pipe Company, the work being euper- 
intended by John A. Dnret, who has carefully oolleated and fnr- 
niehed a full eeriea of epecimene of the boringe. 

T h b  ie the third well that has been sunk at thie seaside resort, 
The firet waa notioed in the Annual Report for 1893. 

I n  the report for 1894 the second well was very fully deecribd 
and illuetrated, its geology and paleontology being demonstrated and 
lists given of foseil mollnecs and of other fojsil organisms, the latter 
mostly microeaopio form called diatome. 

The boring for this well attained a total depth of 1,244 feet. A 
strong flow of aalt water wae had at the depth of 1,186 feet, while 
flowe of fresh water were observed at the depthe of about 626, 
750 and 843 feet, and a larger freeh water flow between the depthe 
of 887 and 931 feet. Thia well was finally finished so ae to utilize 
the supply at the last-named horizon. 

The well (No. 3) now reported was ennk to develop one of the  
higher of these deep fmh-water horizons. The boringe therefrom. 
have only been received aa the writing of thia paper was being con- 
cluded, and time at command does not permit an extended study of 
the aame. The depth attained was 655 feet, and water was obtained 
&om eanda and gravels interbedded in the lower eeventy-five feet, 

RECORD. 

[Compiled from notes by John Arthur Dumt respecting color and character oE 
strata] 

Thick- 
ness. Intervale. 

8011 and black muck full of roots of cedar 
and holly ................................................... 3 ft. - 0 ft. to 8 ft. 1 

Beach sands, lower 10 feet alightly darker in 
n Is - r m Recent. .......................................................... 

Dark-blue clay Mek,8i~a, and other marlne 
d i a l m .  ..................................................... 2 " - 90 " " 82 " 

Sand ; and flne, medium and coarse gravel, 
with N a m  and other rhella ........................ 8 " - 32 " " 40 " Age (1) 

88116 ; and flne, medlum and coarse gravel 
I I 

without shell.. ....,...................................... 21 " - 40 " " 61 " j 
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Thick- . 
nean. I n w a l s .  

Bluleh clay, sponge spiculed and dhfunw, the ................ latter both frech watcr and madnc 12 ft. - 61 ft. to 73 ft. 1 
Brownish clay, with lignUc (more sandy than 

that next above) ......................... -.......... ...... 
Blue clay, about an sandy an the bmwn layer 

just above ................................................. 14 " - 77 " " 91 " 

Band and flue and warse gravels, with aome 
fodliferous Silulenn and Devonean peb- 
bles of the size of shellbarka ....................... 

Bluish clay, with marine and fresh-wdrr 
diatom& ........................................................ 84 " - 98 " " 132 " 'lay' 

Sand and w m e  gravel. with pebbles an l a g e  
as hickory nuts , .....,................ 

Sard, not much gravel, but some large stones, 
.................. 

(a) Band, with clay and I f p i I c  ...................... 83 " - 162 " " 186 " 

(b) Sand, lignite plentiful ............................... 6 " - 186 " " 190 " 
.. .................................... (c) Band, similar to (a) 10 - 190 " " 200 " I Sand very flue and lively, duah very dirty, 

lower 10 feet contained about 2 feet of Ilg- 
1 Band. 

I ............................................................. nifc 20 " - 200 " " 220 " 
....................... Band. slush greenish In wlor. 48 " - 220 " " 288 " I Alternations of sand and drab-colored clay, 

slush loses its greenish tinge ......,............ , 22 " - 268 " " 290 " 1 J 
......................................... Drab-colored clay 12 " - 290 " " 802 " 

2 " ' - ~ "  "W'4 i ............................ I 
Drah-wlored w a r n  gravel 
Drab-colored sandy clay 2 " - 806 4 '  'a 807 " I ................................ 
Drab-colored gravel ...................................... 2 '' .= 807 " " 809 " 
Sand. with mttertng gravel ..-.........-......-. 19 * &  - 809 3% 1 I 

.. 
Sandy clays, lighter in wlor than from 290 

I 
........................................................... to 809 16 " - 328 " " 843 " 

Fine sand and gravel, alternated with clay I I 
in thin strata .............................. .....,......... 23 " - 843 " " 869 " 

Blue clay .................................. 16 " - 869 " " 884 " I I 
................... 

Sandy clay, with hhell; includes 1% feet 
black sand at 888 to 889% feet ..................... 

601id clay, some shell .................................... 
BolId clay, no shell ...........,.......................... 
Solid clay. agein a little shell ....................... 24 " - 440 " " 464 " 
Firat rock 464' 8" to 484' ;" = 4 inches (quite 

solid) say ....................................... 161 a' U 466 as  ........... 
Sandy clay, with broken shell ....................... 25 " - 466 '' " 4W " I golid dark- blue clay, much more tenacious, 

very little shell .......................................... 45 " = 490 " " t86 " 
Second rock, 686'bf1 to 636' - 7'' I1 inches, say, 1 " , 635 35" " 686 " 
(d) Dark-greenish clay, sand and gravel in it, 18 " - MM " " 664 " I 
Third rock. 664' 1" to 565' 6" - 16 inches. say, I+" - 654 " " 656+ 
(e) Bolid greenish clay, same as (d) 1 " - 666 '" ' a  656 ' a  I ................ 
Dark-brownish clay ........................................ 21 I' - 666 I".' 577 T I "  J 
Sand, with thin and very sandy clay seama... 29 " - 677 " " 6C6 " 
Fourth roek (soft), BOB' 2" to B(W 10" - 8 

inches, say ................................................. 
Ssnd. wlth shell very plentiful and aome 

w d ,  606' 10" b 608' 11" - 2 feet, 8ay ......... 24C-607" M g 0 9 U  

pI(th roek, dObf 11" to 61V 4" - 17 inches, my, 
Bsnd, gravel and shell, with very little clay, 
Band and 5ne gravel. not much shell.. .......... 
Coarse sand and splendid gravel .................. 
Solid brown clay, richly dialornacears ............ 8 " - 848 " " 661 " 
Fine, clayey sand, d f u t m m m  14 " - 651 " 666 j 

1 .................... I 
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Thie well and the deep bne reporten laat year demonstrata the 
existence at Widwood of at least two deep fmh-water horicone, ae 
follows : 

One oooupying the interval of 690 to 666 feet, and another m p y -  
ing the interval of 887 to 931 feet. The temperature of the water, 
as it fiowe over the eurfaoe from both welle, waa taken at the aame 
time. We are informed it was, for the water from the upper horizon, 
63O, and for that from the lower horiion, 67'. 

The boring of the well thii year hae verifiei the general oorrect 
nerrs of the geologid mtion publiehed laat year ; the differences in 
reported depth of I any given horizon varying but a very few feet. 

There has been pumped from the well of thie year 300 gallons per 
minute. The natural flow therefrom ie mid to be about three times 
greater than from the deeper horiz~n opened by the well of last year. 

ARTESIAN WELL9 I N  SUPERFICIAL STRATA. 

SHALLOW WELL AT LINWOOD. 

Elevation, 20 feet ; depth, 46 feet. 

A ehallow well was put down by Uriah White, at the residence of 
I. G. Adams, at Linwood. The reaord furnished is: 

Depths. 
Surface gravel, then sand ...................................................... to 22 feet. 
Blue clay, with shells at  the bottom .......................................... 22 feet " 30 " 

Clay and sand mixed ........................................................... 30 " " 40 " 
Fine white sand ... ; ................................................................ 40 " " 45 " 

Thia well ie of geological interest, becauee of the eight feet of blue 
clay described at twenty-two to thirty feet in depth. No specimen 
waa received of thie clay, but it waa probably diatomaceoue, and cor- 
responds with a bed of clay known to be diatomaceous that waa pene- 
trated between the depths of nine and eighteen feet by the wells at 
the old Atlantic City water worke, and which are situated near the 
ehore road about five and a half miles north of thii well and one mile 
eouth of Absecon. (Bee Report 1892, page 383.) Thie bed probably 
is alao the aame with a bed met with in boring the well at Longport 
a t  the depth of fif2y-five to eeventy-five feet. (Bee page 84.) This 
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bluish clay rep,reeenta a depoait that lies on top of the Pleietoaene 
gravele and sands and has in turn been aovered over by gravels and 
and8 that have been obtained from these Pleistooene depoeita by a 
working over and redepositing of the same. . 

A similar blue clay exists beneath the beaches elsewhere at no very 
great depth and occupying a similar stratigraphic poaition. I t  is, of 
m u m ,  of very recent age, and is doubtlees equivalent to the diatoms- 
ceoue bed at Wildwood, between the depths of twenty-nine and forty- 
six feet, and which was described in last pear's report, page 160, and 
which is also again noted in this report, page 86, as observed at thirty 
to thirty-two feet. 

ARTESIAN WELL8 AT CLAYTON, N. J. 

Four wells ; elevation, 135 feet ; depth, 86 to 93 feet. 

The Ameriosn Pipe Company put down four welle' at Clayton for 
the water company there. A series of the boring8 were eaved by J. 
A. Durst, superintendent for the pipe company. These the writer wae 
permitted to examine and from them he has compiled the following 
record : 

Depths. 
Sand and loamy clay, surface to ............. 7 feet. I 

................................. Gravel and sand 7 feet to 8 " 
........................... Yellowish-white sand 8 " " 10 " 

.................... Orange-colored sandy clay 10 " " 12 " 
.................................. Light-gray clay 12 I' " 15 " 

............ Sand, color of light-brown sugar 15 " " 21 " 
............................ Orangecolored sand 21 " 28 

Whitish sand 28 " " 34 " 

I 
.................................... 

Sand, color of light-brown sugar 40 " " 53 I' 

. Yellow sand ....................................... 34 I' 40 " Pleistocene, 
I 

............ I Pensauken (1) 

i ... Gandy clay, color of lightbrown sugar 53 " " 67 " 
........................... Yellowish-white sand 57 " " 71 f' 

Sand, still more yellow ......................... 71 " " 84 " 
Coarse white eand, water-bearing ........... 84 " I' 86 
Band, light-yellow, water-bearing ........... 85 " 'I 92 " 

................................ Coarse whie sand 92 " 91 " 
Gravel, color of brown sugar 91 " 'I 96 

I 
................. 

Coarsegrained yellow sand .................. 96 " " 98 " J 
I 

Bluish clay .................................... 98 105 =Miocene. 

These wells are located on ground adjoining the property occupied 
by Moore Broe.' Glaee Works, where two wells are noted in the 

NEW JERSEY GEOLOGICAL SURVEY



90 ANNUAL BEPOBT OF 

A n n d  &port for 1893 (page 116), with depthe of 86 to 106 feet, 
the ground being elightly higher than that where the welle now W i g  
ooneidered are located. 

ABTQBIAN W E L I s  AND BOBED WELIB IXU PEaTH AMBOY, WOODBBIDGE, 

TOTI'ERVIUE, 8. I., BAYONXUE AND ADJACENT COUNTRY. 

Reported by W. R. Oeborne, of Perth Amboy, N. J. 

Otto Jaeger'e residence, Tottenville, 8. I., on eaet ehore of 8taten 
Ieland Sound : 

Hardpan, gravel and clay ................................................................... 25 feet. 
Red sand ......................................................................................... 12 " - 

37 " 
Water, 10 gallone per minute. 
Elevation of surface, 16 feet above tide level. 

Abram Cole, half way between Tottenville and Kreiecherville, 8. I. : 

Hardpan, gravel and clay, mixed ......................................................... 30 feet. - . -  . . 

8and ............................................................................................... 6 - 
36 I' 

Water, 6 gallons per minute. 
Surf- elevation, 16 feet. 

Albert Killmyer, Kreiacherville, 8taten Ielrnd : 
Gravel ........................................................................... 4 feet. = 4 feet. 
b d  .............................................................................. 36 " = 40 " 
White clay.. ................................................................... 21 " = 61 I' 

White wad. ..................................................................... 30 " = 91 " 
Blue clay ....................................................................... 10 I' =E 101 " 
Fine whiteaand ............................................................... 90 I' -191 " . 
Sandetone(b1ack) ............................................................. 3 " =I94 ,' 

Quicksand ....................................................................... 2 " = 196 " 

No water. 

Smelting Worke near Maurer, Middleaex oounty. Well No. 1 : 
Blue and white clay ........................................................................... 60 feet. 
White sand. Water rising to within three feet of the surface and yielding 26,000 

gallons daily. 
Elevation of surface ........................................................................... 5 feet 

Smelting Worke near Maurer. No. 2 well : 
Blue and white clay .......................................................................... 87 feet. 

Rock. No water. 
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This well was near the offim of the ampany and 300 yards west of 
well No. 1, and the ground is higher-twentyfive feet above tide 
level. 

Raritan Hollow and Porous Brick Company; on the Raritan river, 
two miles west of Perth Amboy. Well No. 1 : 

Salt meadow ..................................................................... 15 feet = 15 feet, 
Blue clay .......................................................................... 25 " = 40 " 
Fire-clay ..............................,.............. ............................. 12 " = 52 " 

Water. 

Well No. 2 : 
Salt meadow ....................................................................... 16 feet = 16 feet. 
Blue clay ........................................................................... 20 " = 35 " 
Fireclay ........................................................................... 10 " = 45 " 

Flow, 30,000 gallons per day. 

Well No. 3 : 
Blue clay ........................................................................... 30 feet = 30 feet. 
Fire-clay ......................................................................... 16 " = 45 " 

Mottled or spotted red clay ................................................... 5 " = 50 " 

Flow, 20,000 gallons per day. 

Wells 1 and 2 are within thirty feet of one another. No. 3 ia 
about 600 feet east of 1 and 2 and seventy-five feet from the river. 

Surface of ground five feet above tide level. Flow of No. 3 is 
stronger when the tide is high than when it is low. 

Marcus Schaufds midenm on Perth Amboy road, one .and o n e  
half miles from Metuchen : 
Sandy gravel ...................................................................... 35 feet = 85 feet, 
Sand (water) ....................................................................... 4 " = 39 " 
Hardpan ............................................................................ 10 " = 49 " 

White sand, water ................................................................. 4 " = 63 " 

Hans Eriwn's residence, near Ford's Corners and on the road1 
from Woodbridge to Valentine's Station : 
Sandy gravel ................................................................... 70 feet = 70 feet. 
Blue clay .......................................................................... 6 " = 76 " 

White clay ....................................................................... 10 " = 85 " 

Red clay ........................................................................... 6 " = 90 
Yellow sand (water) ........................................................... 6 " = 95 " 

Reddish-colored clay ......................................................... 8 " = 103 IL 

Yellowish-clayey eand; sandy clay; white sand, water .............. 23 " = 126 " 
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Thie well wee drilled in the autumn of 1894, and proved to be 
aneatiefsdory. In the enmmer of 1896 work wae rewmed here, and 
the red ehale was found at a depth of 136 feet. The four-inoh pipe 
w a  driven down to 142 feet. At 227 feet the well wae finiehed. 
Water began to oome in at 180 feet. At the bottom the ehale was 
very hard. At the top it wae red in shade, resembling the red claye 
ueed in thie vioinity for the manufadure of terra-ootta. 

The well eupplies about two gallons of water a minute. 
The snrfaoe elevation is about 160 fht. The thioknees of the 

morainio drift ia ehown to be eeventy feet. The Baritan olay seriee 
ie therefore eixty-five feet thiok at thie point-probably the Wood- 
bridge belay bed and the fire-aand bed, and at the bottom the 
Raritan day bed or ita equivalent sands. 

During the past summer four additional wells were bored at the 
smelting works in Perth Amboy (near Maurer), all within 160 feet 
of one another and near well No. 1. The five wells yield 150,000 
gallone a day. They are all about fifty feet deep. The water is not 
a good drinking water. 

C. Pardee's worke, Perth Amboy. Well No. 4 : 
Gravel ............................................................................. 18 feet = 18 feet. 
Blue clay .......................................................................... 23 " = 41 " 

Dark-colored clay ............................................................... 20 " = 61 " 
Red clay ........................................................................... 85 " = 146 " 

Elevation, 3 feet above tide level. No water. 

Well No. 1 : 
Gravel ............................................................................. 18 feet = 18 feet. 
Blue clay ......................................................................... 42 " = 60 " 
Fine red sand ................................................................... 20 I' = 80 " 

Sandy clay ........................................................................ 20 " = 100 " 

Red sandstone ................................................................... 7 " = 107 
Bed clay ........................................................................... 9 " = 116 " 

No water. Elevation, 3 feet. 

Well No. 3 : 
Blue clay ........................................................................ 32 feet = 32 feet. 
White clay ...................................................................... 15 " = 47 " 
Red clay ........................................................................... 6 I' = 63 " 

Water. Elevation, about 10 feet. 
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Well No. 2 : 
Gravel ............................................................................. 15 feet - 15 feet. 
White sand ....................................................................... 7 " = 22 " 

Yellow 8aod .................................................................... 9 I' = 31 " 
Rock. Elevation, about 3 feet. 

Them wells were all driven within a square of 1- than 700 feet, 
No. 3 being in a hollow below the old water works station, and about 
600 feet from the latter and towards the river. A well at the pump 
station is reported to have found granite at 110 feet, having been 
drilled 400 feet into this rock without change. 

These wells show a great variation in 'the thicknese of the clay 
beds within short distanae. 

I t  seems highly probable that some of the so.called red clay may 
represent the top of the red shale, partic'ularly that in wells Nos. I 
and 4, and at about 100 feet, which would correspond with the depth 
of the formation aa found in the artmian well of the Lehigh Valley 
Railroad Company at their docks in Perth Amboy. 

Henry Maurer's brick worke, Maurer : 

Blue clay ......................................................................... 47 feet =: 47 feet. 
Red clay ......................................................................... 6 " = 53 " 

White clay ....................................................................... 2 " = 65 " 
Blackclay ........................................................................ 2 " = 57 " 
Sandy clay (with some water) .............................................. 2 " = 59 " 
Sandstone ........................................................................ 1 " = 60 " 
Mixed clap ...................................................................... 14 " = 74 " 

" Stone " .......................................................................... ) ‘I = 
Clay ................................................................................ 2) " = 77 " 

Trap-rock at ................................................................... 78 " 
Very little and muddy water at 59 feet. 

This well waa bored the paet summer. The trap-rock here may be 
a part of the Staten Island trap range, continuoue aoroea the sound 
and in line with the Rocky Hill range. 

M. D. Valentine & Brothera Company's worke, Woodbridge : 

Sandy drift. ...................................................................... 20 feet = 20 feet. 
Bluish clay ........................................................................ 10 I' = 30 " .. Gravel1 p drift. ................................................................... 24 " = M 
Gray andgreen material resembling marl ................................. 2 " = 56 " 
Rock, suppoaed to be trap. 
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At laat amount of thia well the boring waa in rook at 100 feet, 
apparently more M y ,  and a mixture of b h k  eand and red M e .  

The oomrrenoe of rook here and at the Bopton Beach well and 
a t  that of Henry Maarer ia auggaetive of the exiat8noe of oontinuoue 
formation, and at uniform depth of 60 to 78 feet, or with a dip to 
&he mutheaet. 

8. S. Tuoker, Edgar Station, Woodbridge : 
Bad shale driR .................................................................. 16 feet = 16 feet. 

.................................................................... Whitish clay., 4 " = U). " 
Red shale drift. ................................................................. 6 " EZ 26 " 
Pink-colored clay ............................................................... 6 = SO 
Red shale ........................................................................ 47 " = 87 " 

Water. 

Ellis Edgar, Edgar Station : 
Sandy drift ...................................................................... 36 feet - 36 feet. 
Red shale. ......................................................................... 41 " = 76 " 

Water. 

Them wells are intereating reoorda of the depth of the red ahale at 
thia plam and the thickness of the overlying drift upon the thin 
edge of the clay formation. 

Metuchen.-Four wells on adjoining lots on Graham avenue on 
lande of W. R. Oaborne, Charles Edgar, Mr. Woodward and Mr. 
Wilson : 

Drift ....................................................................... .. ....... 18 feet to 26 feet. 
Red shale to bottom ............................................................. 43 " 70 " 

Plenty of excellent water. 

New Bmnawick.-Well at Natatorium, Liberty etreet : 

Drift ............................................................................................. 6 feet. 
Red shale ....................................................................................... 136 " 

Water at from 40 feet to bottom of well. Seventy-five gallons per minute can be 
pumped. Finished by exploding dynamite at bottom. 

Runyon Station.-Penneylvania Railroad Company's Camden & 
Amboy branch, about one mile northeast of Old Bridge. Well put 
down for the city of Perth Amboy in 1896 : 
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Yellow sand .................................................................. !26 feet = 25 feet. 
White sand .................................................................. 16 " = 40 

............................................................ Sandy-white clay 39 " = 79 I' 

Sandy-bluish clay ........................................................... 21 " = 100 " 
........................................................................... Stone 4 

Bluiah clay, very fine mod ............................................... 59 " = 1591 " 
.......................................................................... Stone 1 

This well is at an elevation of twenty-three feet. A tw&inoh pipe 
was driven down ninsty feet. The "stone" reported at 160 feet was 
apparently a thin layer of cemented sand or a " sulphur ball." As 
the jetty system was here used it is impossible to be entirely certain 
as to the nature of beds on account of mixing of materials. 

The hope of reaching the water-bearing sand whence the wells at 
8011th River get their supply (at about eighty feet below tide level), 
was not realized, and probably because the well was not deep enough 
to reach it. 

Identification of these beds with the clay seriea is not as yet made 
out. 

Bayonne.--Well driven for G. W. Yates, 101 Newman avenue: 
Gravelly formation and drift to rock .................................................... 31 feet. 

Water in wells in this part of Bayonne is found generally in sandy 
layers in the drift and twenty to twenty-five feet deep. 
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THE HIGHLANDS- 

The region known aa the Highlands has been often deaoribed in 
the reports of the Survey. Its boundaries are indicated on the ac- 
aompanying map, and it ie the region of Archean or gneiesic rocks. 
The most significant geological snbdivision in conneotion with 
forestry is into two districts ; first, the northemtern or glaciated, and 
aecond, the southwestern or unglmiated Highlands. The former 
being denuded of eoil on the ridges, and the valleya filled with 
gravel, boulders, &c., by the action of the great ice sheet, is less 
adapted to agriculture, oonsequently more generally forested than the 
southwestern portion, which has smoother r i d p ,  well covered with 
soil, and clean, nulittered valleys. 

We may indicate the difference by comparing the percentagee of 
forest areas in two classes of townships, each typical of one of them 
aubdivieione of the Highlands. 

GLACIATED NORTHEASTERN HIGHLANDS. 
Percentage 
of area in 

Townbhip. County. foreat. 
Byram .................................... Sussex .................................... 77 
Jefferson.. ............................... Morris .................................... 74 
Rockaway ................................ " .................................... 72 

................................... ........................... West Milford Paesaic 74 
Pompton ................................. " .................................... 76 

UNOLACIATED SOUTHWESTERN HIOHLANDJ. 

Meudham ................................ Morris .................................... 30 
.................................... Cheater " .................................... 46 

Washington ............................. " .................................... 32 
Lebanon ................................. Hi~nterdon .............................. 27 
High Bridge ............................. LL .............................. 26 
Bethlehem LC .............................. .............................. 35 

I t  will be seen that the northeastern section hap, pera l ly ,  76 per 
cent. of the area forested, as against about 30 per cent. of the south- 
western, and this difference is undoubtedly almost entirely due to the 
different surface conditions brought about by glacial action. 

The foreeta of thie Highlands region have a direct relation to the 
futnre water.aupply of the State, for here lie the eplendid gathering- 
grounds which are already coming rapidly into nse for the supply of 
.our citiee. We eetimate that the Highlands region haa in all tibout 
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340,000 cr<nee of foreat, of w h i  240,000 acres are in the north& 
ern, and 100,000 slnee in the aouthwestern d o n .  In our detailed 
d d p t i o n a  of eaoh of theee subdivbione we shall follow the topo- 
graphical subdivieions of the Highlands whioh we adopted in the  

Physical Description " published in 1888, beginning on the north- 
wed and peasing to the southeset side of the plateau. 

FOB- OF THE NOBTHEASTEM HIGHLANDS. 

Ex?, on the extreme northweat of this district we have Poohuok 
mountain, a Highlands region lying detached from the main platean, 
like an bland, at the eastern aide of the great Kittatinny valley, 
The foreate of thie region cover about two-thirds of the area, and 
ooneist mainly of oak and cheatnut, with a considerable amount of 
hemlock, and aome red cedar where old dearinge have grown up. A 
considerable portion of thie timber ia from 40 to 60 yeare old, and 
there are a number of large treea which we shall note later in 00x1- 
nection with the forests of the main plateau. 

Vernon valley, which separatee Pochuck mountain from the maim 
group of the Highlands, is a fertile agricultural district, with a very 
small amount of foreet, but it has a goodly supply of mattering 
trees which are thrifty and often of large size. 

Paaaing on to the southwest we come to the Alamuche-Pohatoong 
range, the glaciated portion of which includea the district lying be- 
tween the Lehigh and Hudson Biver railroad on the weat, and the 
valleys of the Wallkill and Lubber's run on the east, and extending 

# 

from Franklin Furnace southweat to the Vienna and Haokettatown 
road. We find the conditions ae follows : From Franklin Furnace 
southwest to the line of the New York, Busquehanna and Western 
railroad, this ridge is known as Pimple Hill. The growth of wood 
is thin, ranging from 2 to 8 inches in diameter, and considing mainly 
of chestnut, oak and red cedar, with a few other coniferous  tree^ 
mattered throughout the whole district. On the high hill near the 
railroad and north of Bparta, and also along the ravine southwest of 
Franklin Furnace, the conifere are quite abundant. The growth, 
however, is principally chestnut and oak, the beet of which ia from 6 
to 24 inches in diameter, and 30 to 66 feet high, a good proportion of 
theee treee being about 12 inches in diameter. Not muoh cordwood 
is cat in thie section, but the beet timber is aeleoted and taken out  
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here and there ae needed. Between the New Pork, Bnaquehanna and 
Weatern railroad and the highway from Bparta to Pinkneyville 
there are very few ooniferons treee, deetnut and oak being predomi- 
nant, and eomewhat larger than on the Pimple hille, measuring from 
9 to 16 inchea in diimeter and 30 to 66 feet higb. Just northwest 
of Bparta there is a ridge which has been entirely stripped of timber, 
but there is no dearing in any of this dietrict for farming pnrpoees, 
snd there doee not appear to be muoh d a r e d  land lapeing back into 
foreet. The flat swamp land on the Wallgill southweat of Bparta 
hse mme timber, moetly bordering the strcam. There are maples 
and elms 12 to 24 inchea in diameter and 40 'to 50 feet high inter- 
spersed with a good deal of b r sh ,  and near tqe head of the swamp 
there are a few good white pines, also a number of hemlocke about 
the headwaters of the stream. The ridge just we~t  of this swamp is 
well wooded at the north end, the trcm being moatly 10 to 14 inches 
in diameter, but ranging up to 24 inch@. The larger treea have 
been oat out at the southern end of the ridge. There are red oedare 
bordering the clearinge. Tar Hill ridge in Andover township, just 
east of the Lehigh and Hudson River railroad, is quite well wooded. 
A small portion haa been cnt off within the last, five years, more 
within ten yeam, but generally the timber rune from 6 to 24 inches 
in dianieter and from 30 to 60 feet high, the larger siaea being not 
very nutnerons. There are a g d  many hemlocks and red c e d q  and 
a few white pines. On the ridge line between the upper Wallkill 
and the easterly branch of Lubber's run, aqd stretching from Bparta 
to Boeeville, the timber is small southward as far as the Gaffney 
mine, moet of the large growth having been cut out. I n  a few spota 
trees were noted 18 to 24 inchee in diameter, bnt for the moet part 
they are leaa than 8 inches. On the weat slope there are a great 
many red cedar0 and a few hemlocks. I n  the swamp near Gtaffney 
mine, and a h  the one jwt  mouthweat along Lubber's run, there are a 
good many tamaracks. The hills jwt eaet of Bag pond are well 
wooded on the tope, the treee ranging from 6 to 18 inchea in diameter, 
but the steep slope just east of the pond and its outlet is broken and 
rocky, and is moetly red cedar and hemlock, with a few white pinee. 
There are also hemlocks and a few white phee on the ridge north of 
Roeeville. A traot of 600 mree at Roseville haa had all treea 9 
inches in diameter and over cut out. An examinalion of the s tump 
showed that oak 60 to 70 yeara old ranged from 18 to 24 inchea in 
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diameter; from 40 to 60 jeara old ranged from 13 to 81 i n o h ,  be- 
ing moetlp 13 and 14 inches. An oak dump 89 yeare old m d  
24 inahe, and showed that for the firat 20 jesra the growth had been 
very slow. Cheetnut 63 yeara old memured 31 inohea, and hickory 
90 yesre old 19 inohm. Generally over thie tnd from Sparta muth- 
w e t  to the Boeeville and Andover highway the timber was in good 
oondition. I n  a few plaoee it had been out within 3 yeare; other 
trsate within 16 years, but a great many of the treea wonld average 
from 12 to 20 inche:in diameter. Other portione wonld average 
from 8 to 16 i n c h -  in diameter and from 40 to 66 feet high, 
although mme of tbe largeat timber aeemed to be over 60 feet. 
While oak and ch3tnut - predominate, there is mattering white pine 
and hemlock thmghont. 

Between the Andover and Boeeville highway, the 8neaex railroad 
and Lubber'e a n  there are a few trwe 24 inchee in diameter, but for 
the moet part they run from 6 to 14 ipohee, with a height of from 30 
to 60 feet. Near Andover, on the road to Boeeville, the timber wae 
10 to 20 inahee in diameter, and 60 to 60 feet high. 

The portion of tbie district extending from Baasex railroad eouth- 
weet to the highway from Haokebtetown to Alamuche ie known as 
Alamuche mount&, and ie almost a solid fore& I n  the Kitattinny 
valley, between the foot of the mountain and the Lehigh and Hudson 
River railroad, the country is highly cultivated, the mattering patchee 
of timber being oompoeed of emall oaks and ohestnuta from 4 to 
6 inehee in diarheter and 11 5 to 35 feet high. I n  eaoh grove there 
are a few large tree3 from 10 to 30 inohee in diameter and 
40 to 60 feet high, but moet of these larger trees have been 
cut out for timber or other purposee. There are also a good many 
red d a m .  Along the streams and in the ewamp near Alamuche 
elme and maples prevail, the larger ones being 24 inchea in diameter 
and abont 50 feet high. There hse been a considerable amount of 
olearing recently in this swamp, whioh ie being ditohed and brought 
under cultivation ae a reeult of the improvement in the drainage of 
the Pequeat valley. Paeaing along the road from Andover to 
Alamuohe the firet growth seemed to range from 8 to 20 inohea in 
diameter and abont 55 feet high ; further along, from 6 to 24 inchea 
in diameter and from ,30 to 66 feet high, mixed with a emaller and 
denser growth. About Tranquility timber waa noted from 10 to 
20 inohea in diameter- and.,, 40 to 50 feet high, and near Alamuohe i t  
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ranged from 4 to 18 inches and from 20 to 46 feet high. I t  is 
aomewhat similar toward the top of the mountain eaetward from 
.Alamuohe,.and there Eeems to be a predominanoe of treea all through 
the mountains, ranging from 7 to 11 inchea in diameter. Trees 
ae large ae 20 inohea are ecam and mattering, while thew is a 
good deal of young and small growth. There are a few hemlooks 
.on the rocky elope north of Cranberry reservoir, on the end of 
the mountain north of Alamuohe, and near Waterloo, while the 
swamp north of Waterloo hae some tammcka. Soath of the road 
from Alamuche to Waterloo there is a game preeerve or deer park, 
.and the wood is chestnut and oak, with some hiokory, whitewood, 
birch, maple and elm. South of the road from Warrenville soroes 
-the ridge to Saxton Falls, the t imbr  is very short, moetly oheatnnt 
.and oak on the tope of the hills. On the east elope, where it haa not 
been out, there is a thrifty growth of oheatnnt and oak ranging from. 
4 to 14 inches in diameter. A coneiderable portion hae been out 
within 3 years. 

.Mr. James French, of Waterloo, owns 3,000 scree of timber in 
-this vicinity. Mr. Henry French, his son, r4port.a that they do not 

-. out any cordwood there now, as they do not find it profitable, not 
,being able, to compete with the pine oordwood of South Jersey. 
They sell a good deal of timber on special orders for varioue pur- 
goeee, getting out almost anything, for ship-building or other pur- 
poses, whioh may be required. Their tract does not produoe. timber 
quite as faat as they need at present. He claims that they work up 
everything and waete nothing, and thinke that foreata are generally 
in a better condition now than they were 40 years ago, ae the larger 
mills are not cutting much and cordwood is not profitable, that 
the demand is for the largest timber, and coneequently the younger 
growth is allowed to mature. These gentlemen also peel quite a good 
deal of butternut, hiokory, oak and biroh bark for their trade. 

I t  is interesting to note that about 20 years ago Mr. French bought 
a tract of woodland in theae monntains which had been cut off a few 
yeare before. Thie tract has not appeared to grow sinoe, and is eaid 
do be not much more than brush at preaent. 

Continuing southwest to the road from Haokettstown to Vienna . 
.we find that the timber is inferior in quality. On the elope juet 
northweat of Haokettstown the timber haa been out within three 
years, but on the hill-top it is 6 to 14 inches in diameter and from 
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30 to 40 feet high, of cheatnat and oak, The timber through this 
motion is in detached traota, the larger part of the area being under 
cultivation. Between Haokettstown and Alamuohe the timber doee 
not appear to grow well or ie too cloeely cut. Weet of Ahmuche 
pond the ridge has a larger growth of chestnut and oak, mixed with 
a good deal of red oedar. There are aleo a few white pinea on the 
western slope of thie ridge. Along the highway from Warrenville 
to Meadville, at the edge of the Pequest meadows, there ie mme of  
the fineet timber which waa obeewed in this region, of chestnut, oak 
and hickory, from 10 to 30 inches in diameter and 60 to 60 feet 
high. One pieoe of about 60 acrea near the head of the emall swamp 
has been out within two yeara. A good deal of the timber on the 
end of Cat mountain, west of Petereburgh, has been reoently cut; 
what remaine ie from 8 to 16 inches in diameter and from 30 to 6 0  
feet high, but it ie scattering and mixed with small growth. At the 
head of the stream juat n o r t h a t  of Petereburgh there are a number 
of tamarack treee. Agriculturally this eeation about holds its own. 
There is not any important lapsing back of cultivated land into forest, 
and while the smaller housea are allowed to- go into decay, the land 
continues to be farmed aa before. I t  wae noted that the end of the 
ridge extending westerly and sonthweaterly from Alamuche pond to 
Meadville is badly washed juet north of the latter place near the 
small mill-pond. The bed rock seems to lie close to the surface and 
the soil washes off. Such land should be left in forest, as it must. 
beoome less and lees valuable for agrioaltural purposes. 

The region above described constitutes the glaciated portion of that 
seotion of the Highlands which we deecribed as the Alamuche-Pohat- 
cong range in the phyeiesl description of the State, Vol. I., 1888. 

Continuing westerly, we crose the Pequeet meadows, which are not 
etrictly a part of the Highlande but lie within the dietrict. Tbey 
contain much heavy timber, all deciduous, and of many varieties, but 
eome of the best has been cut during the building of the Lehigh and 
Hudson River railroad, and since that time. On Mount Mohepinoke, 
weet of Townebury, lees than half the area is fomted. The timber 
variea from 2 to 14 inches in diameter and from 16 to 50 feet in 
height, being generally good timber and containing eome large tmsF 
from 14 to 24 inchee in diameter, and 36 to 60 feet high. The under- 
growth ie quite thick, and there are red cedara near Townsbury on 
some abandoned paature and stump land. Near Pequest mines some 
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large sumac wae noted, 2 to 4 inchea in diameter and 10 to 20 feet in 
height. On Jenny Jump mountain there hae also been some recent cut- 
ting of timber abont the old d v e r  mine. The beet growth iaon the main 
ridge of the mountain, and it indndca some hemlock. The timber 
on the foot of the hills, especially on the limeatone, is inferior. A 
chestnut tree, 70 yeam old, measured 6 feet in diameter at the stump, 
but was rotten at the heart. About the foot' of the mountain, 
in the valley, oak, cheatnut, cedar, ash and poplar were observed. 
At Southtown some large sumac was noted, measuring from 2 to 6. 
inches in diameter and 10 to 25 feet in height. Jnet north of Shiloh, 
at the foot of the momfain, there ia a locust grove covering abont one 
and one-half acrea, the origin of which waa not aecertained. South- 
ward from Shiloh chestnut and oak prevail, ranging from 2 to 16 
inchee in diameter and 10 to 45 feet in height, with some good timber 
near the Hope and Danville road. Southward from thie highway, to 
where the road crosses to Green's pond, there has been muoh cutting 
within 16 years and the timber is now poor in quality. Just south 
of Kishpaugh mine a cheetnut stump showed 100 rings, and measured 
36' inches in diameter. One ring was observed measuring one-half 
inch in thickness. On the south end of Jenny Jump monntain 
the timber is quite good, ranging from 6 to 18 inches in diameter, 
and 26 to 60 feet in height. There has also been some cutting 
here within 16 yeare. At the outlet of Green's pond there is a .  
tamarack swamp quite heavily timbered. Generally over thie region 
of Jenny Jump mountain and Mount Mohepinoke the steeper slopes 
are wooded, but some of the gentler slopes have been cleared and are  
cultivated without suffering from wash. I t  ia generally the fact that 
there is little or no evidenae of wseh where the Highlands ridgea,are 
deforested on the slope, although it is true that almost invariably the 
steeper slops are well wooded. There is much more waeh on the 
slate ridges, showing that it is largely due to the nature of the soil. 

Mr. L. V. Williams, of Danville, speaking of thia region, thinks 
that on an average timber is worth $20 per sore, and most of the 
mountains have a growth ranging from 12 to 18 inches in diameter, 
with chestnut predominating, but there is also a good deal of oak, 
especially rook. oak, on the ridgee. He thinks the tendency ia 
for cheetnut to increase and oak to grow scarcer, becauee the cheat- 
nut sprouts grow more rapidly and crowd out the oak. He considera 
the growth now much better than it was 30 years ago, as it ie 
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allowed to stand longer before outting. Good poplar ia growing 
scaroe. Elaroh enmeding growth of ohestnut appeara to be thrifty. 
The growth ia better on the south and eaat aidea of the hilb, although 
thi ia not eo notioeable when the soil ia good. On the Jenny Jump 
mountain diatriot there eeeme to be a deterioration in tbe deared 
lande, but elsewhere they are well kept up. 

The timber in the Pequeet valley, from Danville to Bridgeville, 
contain8 maple, elm, oak, hiokory, and a little hemlook and epruoe. 
Mr. Willisme, before quoted, a y e  that 16 years ago he ant off a 
pieoe of timber near Townebury, oonaiating prinoipally of oak, and 
einoe then nothing had grown there but red aedar. 

The plateau bounded by Bearfort mountain, the New York line, 
Vernon valley, and the New York, Susqaehanna and Weetern rail- 
4, hsa about 80 per cent. of its area in timber, oonaiating mainly 
.of oak and cheetnut, a oonaiderable portion of whioh ia from 35 
to 40 years old, and only a few acres older, the remainder being 
Tounger, ranging down to 6 or 10 years. The growth from 30 to 40 
yeare old rangea from 6 to 10 inohee in diameter, and from 36 to 46 
feet in height. The more aooessible portion of the timber ie eaid to 
.be out at 20 years. Timber is believed to grow ae rapidly as in 
earlier years. The only weetefulneae apparent in outting oomea from 
the tendenoy to out at too early an age, and this praotice seems to be 
juat about at the point of reform, owing to a ohange in demand for 
hooppolea and cordwood, m that there ia likelihood of future.im- 
provement. The swamp areae indioated on the topographioal m a p  
.on this plateau are generally wooded with maple, beeoh, elm, and 
oocaeionally with scattered pinee, lamhes and white aedar. A dense 
growth of rhododendron makes some of the ewampa very dark and 
almoat impenetrable. Forest fires sometime give trouble, and a large 
.area east of CaniatW, near Bearfort mountain, was burned over dur- 
ing thia year. On thia same plateau, eoathweet of the railroad at 
Stookholm, the condition of the timber ia quite aimilar to what we 
have already described for the firet two or three milee, but farther 
.southwest the timber is older and larger. Cheetnnt ia said to gener- 
ally e n d  all other growth, accompanied by a oonaiderable peroent- 
age of oak. Pine is said to have been eucceeded by oak and ahesfnut. 
The esatern elopes of the hills are thought to produce the best timber, 
espeoially near the foot, while the extreme tope a h  often produoe 
good timber. This ie attributed to greater depth of soil. 
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Pochuak mountain, lying just west of this plateau, d m  not differ 
from it materially, excepting that there is more hemlock and a some 
what thriftier growth. I t  ie also not quite ao densely wooded. Over 
the cleared portions the scattered growth is usually oak and cheatnut, 
with some red cedar, maple, blaok walnut, &o. All them trees are of 
good size, the cedara from 8 to 12 inohes in diameter and 40 feet high, 
and the other varieties from 12 to 24 inchea in diameter and averaging 
about 46 feet high. 

I n  noting large trees, here as elsewhere, no attempt was made ta 
include them all, the pnrposs being rather to indioate abont what 
oodd be seen in pawing over the country, and the oapacity of the soik 
to produce good timber. Four cheatnute were noted, ranging from 
42 to 60 inchea in diameter, and from 40 to 60 feet high, moetly near 
Stockholm and along the road to Vernon. The following oaks were 
also aeen on Poohuok mountain : One, onsquarter mile west of Sand 
Hills, 48 inohea in diameter and 60 feet high ; another, one mile north, 
36 inohea by 60 feet, the spread of branohea being 40 feet. I n  Ver- 
non, there is one 42 inohea in diameter by 60 feet high, and 3 miles 
north of Stookholm another oak wee seen 30 inohea in diameter by 
46 feat high. An elm, one mile north of Stockholm, measured 30 
inohea by 60 feet, and another, northweet of Vernon, 30 inohea by 
60 feet. A maple wee seen on Pochuok mountain 36 inohea by 70 
feet ; two, east of MoAfee, in the valley, abont 30 inohea by 60 feet ; 
two, south of Vernon, about half way to Stookholm, abont 48 inchea 
in diameter by 60 and 60 feet high. Blaok walnuts were noted ae 
follows: One, one-half mile east of Vernon, along the valley road, 
36 inchee by 60 feet, mid to be one of the original foreat trees. A t  
MoAfee, there is one 66 inohes by 86 feet. On the side of the moun- 
tain, southeast of MoAfee, there ie an apple tree measuring 36 inohes 
in diameter by 46 feet high, whioh ie said to be the largeat in Suaaex 
county. Two miles southwest of Vernon, on the road to Stookholm, 
an oak and a walnut have grown together. At the base their oom- 
bined diameters are 48 inohea; above the jundion eaoh is abont 24 
inohea in diameter. 

The following was obtained as average valuee of timber near Stook- 
holm : Stump land, $2; 20.yearsJ growth, $7 ; 30-years' growth, 
$10; heavy oheetnut or mixed oak and oheatnut, $80. H a v y  
oak is said to be extremely aearce, but is quoted at from $60 to $100 
per acre. At Vernon, stump land, $2; 20-yeare' growth, $7; 30- 
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yead growth, $12; heavy oheetnut or mixed oak and oheetnnt, $80. 
There ie mid to be v e v  little valuable pine. At Modfee, etump 
land, $3 ; 20 years' growth, $7; 30 ayeare' growth, $10 ; heavy oheet- 
nut and oak, $76 to $80. At Canietear, stnmp land, $3; 20-pad 
growth, $10 ; 30-yeare' growth, $16 ; heavy oheatnut, $60. 

We ahall next take up the hlance of the glaoiated portion of the 
central highland platem which liea between Longwood and German 
valleye on the eaat, and the valleye of the Wallkill, Lubber'e run and 
the Mueoonetoong on the we&. North& of the Sparta turnpike, 
anneuting Sprta and Dover, it ia very generally forested, probably 
lee8 than 10 per cent. of the whole being under oultivation. Along 
the weatem elope, between Hardietonville and Sparta, the growth ie 
mixed, deoiduone and aoniferone, the latter being muah the Isrper, 
from 10 to 20 mabea in diameter and 40 feet high. On the top of 
the mountain, jnef eaet of Franklin Furnace, about Two Bridgee, 
the growth ie young, but little being even large enough for oord- 
wood, and very little as mnoh aa 30 years old. Thenoe along the 
top of the mountain to Ogden minee, the timber is mainly deaidaone, 
and from general report, praotioally all of the timber hae been out 
onoe mnoe the period af oharaoal forgee. About Ogden minea there 
ie eome older growth, but aU the larger trees are cut out, the stnmp 
averaging 40 years old, and a eingle one running aa high aa 63 yeare. 
Between Morris pond and the road to Ogden Mines the growth ie 
from 2 to 6 inohee in diameter and 16 to 20 feet higb, and about 12 
years old. Between Ogden Minee and Hopewell, down to the Sparta 
and Milton highway, we noted stump whioh indioated the growth 
there to be from 34 to 40 yeare old. Generally it appeared to be from 
4 to 8 inohea in diimeter and 20 to 30 feet high, but a few trees 16 
inohee in diameter and 60 feet high were noted. The growth ie all 
deoidnow. The north slope of Bowling Green mountain, and weat- 
ward beyond the Ogden minee railroad, has a growth from 34 to 44 
years old; one oak stump waa noted 47 years old and 10 inohea in 
d i e t e r .  On the top of the ridgee hereabout the growth ie from 2 
to 8 inohee in diameter and from 20 to 30 feet high, but where there 
ia more soil the trees are from 4 to 14 inohea in diameter and about 40 
feet high. Between Morris pond and Hnrrltown, weat of the rail- 
road, the timber is deoiduous, with a few scattering pines, and it ie 
generally emall with eome etump land, eome 6 yeare' growth. The 
different h a t e  ranged from 2 to 6 inohee in diameter and 20 feet high, 
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from 6 to 12 inches in diameter and 36 to 46 feet higb, from 6 to 24 
inohes in diameter and 66 feet high, but treea 24 inohea in diameter 
are very The beat wood in this ssction is along the road from 
Woodport to Sohofield mine, and ie from 6 to 16 inchea in diameter 
and 60 feet high, moat of the treee being of the larger mse, but the 
portion of this near the railroad is now being cut. The timber on 
the top of Bowling Green mountain is also good, from 6 to 14 inohea 
in diameter and 40 to 66 feet high, the larger eisea predominating. 
Thie hre also been cut in place. The west slope of Longwood valley 
waa cot about 12 years ago ; there are a few ooniferoue treee, eprucee, 
pinee and red cedar. 

West of Woodport, between the head of Lake Hopatmng and the 
head of Lubber's run, the oountry ie well wooded with oak and 
oheatnut and mattering oonifers. About Henderson oove, on the lake, 
there are mattering white pines and hemloeke. Exoepting toward 
Bear ponds, where it ie about 10 years old, the growth rangea 
from 6 to 24 inohea in diameter and 30 to 60 feet high, moat 
of the treea being from 8 to 14 inohee, but occaeionally one is found 
36 inohes in diameter. There is exceedingly little oleared land in 
thie tract. 

Between Lake Hopatcong and the valley of Lubber's run, from 
Byram oove to Stanhope, the country ia almost entirely wooded. 
About Bear ponds there is mnoh young growth from 6 to 16 yeare 
old, with better timber along the lake about Byram oove and Davie 
cove, ranging from 2 to 8 inches in diameter and from 20 to 36 feet 
high. From the River Styx to Brooklyn, it ranges from 6 to 14 
inches in diameter, from 30 to 60 feet high and is entirely deciduous. 
Along the highway from Roseville to Stanhope reservoir, amom the 
mountain, the timber is still better, while along the Mumonetoong river, 
from Stanhope to Old Andover, it is large, ranging from 10 to 24 inohea 
in diameter and 40 to 60 feet high, with quite a number of hemlocks. 
There seeme to be a general absenoe of coniferous trees near Lake 
Hopatoong, but they are muoh more prevalent toward the valley of 
Lubber's run. I t  waa noted that generally, throughout thie western 
portion of the Highlands, there was very little evidenca of bad 
effects from deforestation, even where the   lo pea are cleared and 
cultivated they do not eeem to be inclined to waeh ae a rule. This 
is probably largely due to the nature of the eoil. I t  waa also noted 
that while many of the emall buildings are allowed to go down, 
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the land cleared ie aa well cultivated ae 16 yeara ago, when the  
topographical aurvey wee made. There ie practically no ohange in 
the looation or extent of the forested arena. There wae eome a m p -  
tion to this state of thinge noted in the valley of Lubber's run, 
throughout whioh the farm lands seemed to be not so well cultivated, 
and ahowed eigne of lapeing baok into forest. Throughout the hill 
region oheatnut and oak predominate, but in p l w  there ie a great 
deal of hickory. The better timber eeem to sell at from $40 to $60 
per acre. 

Taking next the plateau east of Lake Hopataong over to Lmg- 
wood valley, we find, between Hurdtown and Lower Longwood, tim- 
ber generally from 6 to 12 inohea in diameter and 26 to 40 feet high, 
with some portions emaller. Near the Dover and Sparta turnpike 
the timber becomea somewhat better, ranging from 6 to 18 inchee in 
diameter and 36 to 60 feet in height. On the end of the ridge eaet, 
of Woodport, and near the lake, there are several white pines. Fol- 
lowing down the turnpike toward Longwood valley, the growth be- 
oomes emaller again. Along the western elope of Lmgwood valley, 
from Lower Longwood toward Berkehire valley, a fire has extended 
about 19- milea through young growth from 2 to 4 inohes in dimmeter, 
all of whioh is dead. Further eouthwest, the timber ranges from 4 
to 12 inches in diameter and 26 to 40 feet high. There is eome co-. 
niferoue growth, mainly spruce and hemlock. Continuing southwest 
from Berkehire valley, on the r o d  to Davenport mine, it waa n o t i d  
that some large oaks had been cut, ranging from 9 4 to 99 yeare old, 
and from 21 to 31 inohea in diameter. From Davenport mine te 
Hopatcong, the timber rangea generally from 6 to 24 inehea in diame- 
ter and 26 to 60 feet high. At one plaoe all treee large enough for 
railroad tiea had been taken out. Southweet of Lake Hopcrtcong 
branoh of the Central railroad, over to the Delaware, Laokawanna 
and Western railroad, the timber is generally from 6 to 12 inohea in 
diameter and 20 to 60 feet high, but there ie some amallw growtb 
only about 2 inchea in diameter. 

The age and diameter of a number of etumps in this region east of 
Lake Hopabng were recorded, and become an index of the rate of 
growth of the timber. I give following, firat the age, and then the 
diameter for different kinds of timber : Chestnut, 93 years, 32 
inches; 89 piare, 13 inches; 60 yeare, 14 inches ; 43 yeare, 12 inohes ; 
33 years, 9 inches. Oak, 99 yeare, 24 inches; 98 years, 31 inchte 
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and 21 inohee; 96 years, 24 inches; 94 years, 27 inches and 24 
inches; 79 years, 14 inohes; 78 years, 13 inches ; 37 years, 9 inches; 
33 yeare, 9,11 and 14 inche~; 32 years, 13& inches; 30 years, 13 
inohes. Maple, 33 yearn, 14 inches. I t  wae noted that several treea 
from 74 to 89 years old had apparently grown rapidly and uniformly 
until 30 years old, then very slowly for 10 years, but after that more 
rapidly again. 

There is a general improvement in the cleared land and buildings 
in the neighborhood of the line of the Ogden Mine railroad. Tbie 
i ~ ,  no doubt, partly due to better railroad faoilitiea sinoe thie railroad 
was conneoted with the Central railroad of New Jersey, and partly 
to the reoent extensive operations at Ogden mine. Notwithstanding 
this improvement, however, little land has been cleared for cultiva- 
tion, but the old clearinge are better cultivated and cared for. Along 
the eaat shore of Lake Hopahng  there has been a considerable de- 
velopment ae a summer resort, but thie has not been attended by 
much clearing off .of forests, the treee being preserved so far as 
p08sible. 

From interviews with Mr. Titmap, of Sparta, and others, it was 
learned that the greateat damage to foreate in thie vioinity comes from 
fires and cattle, the latter browsing off the young growth, or breaking 
it down. I t  is said that a fire which cauaea no great apparent damage 
at the time will mum the timber later on to decay at the heart. 
There seems to be very little wood in this district over 40 pears old 
taken as a forest, although there are scattering trcea very much older. 
As a rule the timber grows slower on the west and north slopes of 
tbe hills. The growth also varies with the character of the soil, and 
where the latter ia very thin in certain instances a 40-yearb' growth 
has not attained sufficient size to be of any uee, even for cordwood. 
Mr. Decker, who formerly ran a forge at Sparta, says that he shut 
his works down in 1865. He also says that when fofges wew run- 
ning throughout thie section, wood was often cut when 16 yeara old 
for coaling. Sprouts now come up quickly, and appear to be thrifty, 
but he thinks that if fires continue they will cause a deterioration in 
the foreats. He also a y e  that he~lllock ie usually left standing when 
the other timber is cut off, se it does not pay to get it out if at all in- 
acwsible. This faat accounts for the larger s i ~ e  of moet of the co- 
niferous growth standing throughout thie part of the State. 

On Bearfortlmountain timber has suffered much from fires. In 
8 
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1882, during the prosecution of the topographio survey of that eeo- 
tion, a fire ran over a large ares muth of the road from Qreanwood 
lake to Wawayanda, and this fire did injury from whioh the for- 
have not yet movered. A fire in 1891 ran over most of the moun- 
tain tops from the Btate line to Cedar lake. The timber is generally, 
both on aooonnt of these fires and the thinneee or entire abeence of 
soil over much of the mountain, scattering and of little value on the 
high ridges, but owing to ita inaaoeeaibility there hsa alwaye remained 
a ooneiderable amount of original foreat, and in 1882 there was some 
quite heavy timber in the ravinea, notably in the one heading at the 
weaternmost of the two small pond8 near the State line. This ravine 
wse then heavily timbered, and travel through it wse difEcult, owing 
to fallen tree trunks. I t  was a good example of virgin forest. But, 
generally speaking, over the mountain tope the growth ie scattering 
and inferior, which oondition has been muoh aggravated by the recent 
fires referred to. There is a good deal of the common pine and some 
hemlock eoattered over the mountain. The beat timber is along the 
eastern slope, although this is all seaond growth; but the preaent 
growth is from 30 to 40 yeare, 8 to 10 inches in diameter, and 40 to 
46 feet high. I t  is mainly oak and cheetnut and scattering pine and 
hemlock. 
Green Pond and Copperaa mountains are mainly oovered with a 

40-years' growth of oak and oheatnut, rather spree and poor on the 
top and eaetern face, where the soil is thin, but fairly good on the 

. 

western slopes, being there generally from 8 to 12 inohee in diameter 
and 36 to 46 feet high. As on Bearfort mountain there ie a sprink- 
ling of oommon pine. &me lots, aggregating perhaps 160 sores, 
have been cut off within from 10 to 16 yearn, but the wmainder, if 
reaently cut at all, haa been only thinned out. 

The west slope of Green Pond mountain has deciduous and oonifer- 
one trees in nearly equal amounts, consisting mainly of d and 
chestnut from 4 to 10 inohes in diameter and 30 feet high, or spruce 
and hemlock 6 to 12 inohee in diameter and 60 feet high. The east 
side of the monntain has timber of the same general ahamter, but 
more thrifty, while the flat top h& a scattering growth of oommon 
pin@, interspersed with acrub oak. I t  is noticeable that the oonifer- 
one growth disappears on this mountain, south of the highway from 
Middle Forge to Berkshire valley, and the deoiduoue growth begins, 
at from 4 to 14 inoh- in diameter and 20 to 46 feet high, detariorat- 
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ing southwest, and ending in brueh and sorub oak in the dietriot 
north of Kenvil. Sorub m k  prevails over the entire Bearfort and 
Green Pond mountain dietriot, eepecially on the top of theae ridgee 
and on the aands which accompany thie formation weat of Clinton 
and on Buacasunny plains. 

The valley at Milton and Oak Bidge oontaina moat of the oulti- 
evated land of this region, but about one-third of ita area is in timber, 
mainly oak and chestnut of all agea from 15 to 60 years, with a little 
gine along the road south of Clinton, and some maple and other soft 
woods in the low grounds. I t  is notioeable that all the prinoipal 
s l o p  about thii valley, and generally on the upper Pequannock 
water-shed, are well timbered. The valley has a considerable number 
.of mattered treea over ite cultivated portion, mostly from 8 to 12 
inchea in diameter and 40 to 60 feet high. The large trees notad 
were a black walnut, three-qunrters of a mile weat of Milton, 30 
inches by 60 feet; a red oak, one-quarter of a mile north of the aame 
place, 36 inchea by 40 feet, and another, near Upper Longwood, 60 
inohea by 60 feet. From Petersburg to Upper Longwood, along the 
road, there are from 20 to 30 oaks and maples, ranging from 12 to a4 
inches in diameter and averaging 46 feet high. A maple eaet of Oak 
Ridge measures 36 inches in diameter by 60 feet high. 

The portion of the Highlands lying between the valley running 
from Greenwood lake to Newfoundland, and Wanaque and Paeesic 
valleys, wan designated the Pasesic range in the '' Physical Desorip- 
Qion." A portion of this, north of Pequannoak river, hae 76 per 
cent. of its area in forest, the central belt of the range being almoet 
unbroken by clearings. I n  the northern park there is a coneiderable 
amount of oak and aheatnut, from 30 to 40 yeare old, including, per- 
haps, one-quarter of the whole region, while another large tract ap- 

to exceed 45 years in age, all the more acceeeible portion~ near 
Wanaque valley and the Pequannock being young growth of all ages 
from 3 to 5 yeam and upward, with very little sfnmp land and no 
new clearing. It is evident that the p d o e  of ontting at 20 years 
a r  younger haa prevailed for several yeare along the lower Pequan- 
nock, and it would appear that the foreat hay suffered injury in oon- 
sequence. This young timber aeeme to have been mainly out for 
charooal, firewood, hoop-poles, &o. While the timber is mostly oak 
and ohestnut, there is some pine and hemlock between Maoopin and 
West Milford, also red d a r  in old paeturea, and some white cedar 
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aouth of Greenwood lake. The only portion of oonsequence whiob 
seema to have auffered from fire ie an area of perhaps 160 sores along 
the Greenwood Lake railroad, juat east of the lake. of the 
eastern part of thia eeotion ia owned by Cooper & Hewitt, being a 
part of the Ringwood tract, and the foreate of this part aeem to be- 
eteadily improving. There is aome new outting abont Hewitt, two 
or three hundred aorea of stump and brush land being noted, and also- 
aome oonaiderable areaa of young growth of all ages. 

Continuing dong the Paeaaio range, aontbweaterly from t h e  
Pequannock river, to the moraine lime at Denville and Dover, cheat- 
nut and oak still prevail, with aome hiokory, and many other kin& 
of timber diitributed throughout. For the moat part, i t  ie from 30 
to 40 yeara old, and eome scattering p a d  muoh younger between 
Charlotteaburg and Marcella, and also between Bloomingdale and 
Brook valley. This younger portion is ooneiderably mixed with. 
oedar, white biroh, $0. There ie very little bruah or atump k s d  t~ 
be seen, and very little timber leaa than 10 years old. A tract of 
several thouaand aorea ia now held as a private preaerve about Stickle 
pond, ahd its foreata are likely to be cared for. 

The clearings in this dietriot are almoat entirely oon6ned to the 
valleys of Green Pond brook, Beaoh Glen, Btony brook and t h e  
Rockaway river. The high lands are almoat entirely covered with 
foreet, the area of which amounta to some 76 per oent. of the whole 
dietriot. The oleared portions are almoat entirely graes. landa. T h e  
population ia decreaeing, but there does not appear to be any con- 
siderable amonnt of oleared land which ahowa aigna of lapaing back 
into foreat. Between Rockaway and Mount Hope the timber is oak 
and oheatnut ranging from 4 to 24 inohea in diameter. Betweem 
Mount Hope, Hibernia and Denmark the timber rangee from 36 to. 
60 yeara old, and cutting appears to be more by oulling out the best 
treea than by dearing off the entire tract, the smaller growth being 
preserved. West of Rockaway there ia thrifty timber from 8 to 1 2  
inches in diameter and 40 to 60 feet high, said to be abont 60 yeam 
old. The timber continnta to be excellent to and aboot Mount Pleas- 
ant mine. About Baker and Ricbarda minea it ie apparently as old, 
but the best hae been culled out. 8til1, it continues to be fair on over 
to the valley of Green Pond brook. On the mountains, between 
Rockaway and Hibernii, the timber ranges from about 40 years old, 
near Beaoh Glen valley, to 60 yeare old further west. Some portione 
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have been recently cut, and some are from 10 to 20 years old. But 
-generally the range is from 6 to 20 inohes in diameter and from 30 
40 60 feet in height. I t  is mainly oak and chestnut, with a few 
white pi- and other conifers on the top and the more rocky slopes. 
&tween Beach Glen and Meriden, it ranges from 12 to 34 inohee in 
diameter and 50 to 60 feet in height, with a few coniferous trees as 
More. b u t h  and weet of Split Rook, the oak and chestnut range 
.from 7 lo 36 inches in diameter and 30 to 45 feet in height. I t  is 
a i d  that the last cutting about Split aook for the nee of the furnace 
was some 30 years ago. Further toward Marcella, oak and hickory 
were noted 10 inch- in diameter and 66 feet higb, while along the 
Mard la  and Hibernia road the oldest timber is 45 yeare old, but 
there has been some recent cutting, and there are some ,traots of 
younger timber. 

From B e d  Glen, eastward to the Morris canal, the country is 
.beet known by Mr. W. K. Clarke, of Rockaway. He  eays the last 
cutting for iron furnaces and forge3 in this district was done 40 years 
ago, although a trifling amount has been done since. He  believea 
&at after the forests here are cut two or three timea more the growth 
will become etunted and worthleas, and there will be a neoemity for 
reseeding. He mentions a 10-acre traot on his property where, in 
1838, his father r a i d  a crop of buokwheat. It wee then abandoned 
and oak and cbeetnut came up. The timber was cut off in 1866, the 
10 acre yielding 200 cords of wood. I n  1883 it was cut again, 
yielding from 12 to 15 cords per acre, and now, in 1895, the growth 
averages 4 inchee in diameter and 26 feet high. He  thinhs the best 
growth is on the eset and eouth s l o p  of the hills. 

The district which we are describing ha8 generally a growth of 
from 4 to 16 inohes in diameter and 36 to 45 feet high. There are 
a few coniferous trees, principally white pine, the largeat of which 
was 2 feet in diameter and 60 feet high, and about this tree there 
were a great many small pines, some 20 feet high, apparently sprung 
from the seed of the large tree. 

North and northeast of Boonton, the mountains appear to have 
been out off from 30 to 60 years ago, and are now beginning to yield 
good timber again. Some of the cleared land in this vicinity begins 
fo grow up with red cedar. About Taylorville, it is said that the tim- 

e ber was cut about 30 years ago for the uee of the forges. Mr. Ezekiel 
Barle, of Lyoneville, furnished the following intereating facts as to 
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thie region : Lset winter he oat a tmot on the hidl north of Dion 'e  
pond, the timber of whioh w a ~  60 yeam old and whioh yielded 60 
oords per sore. He has eome oheetaut and oah timber whioh he h a s  
trimmed out and taken oare of, and he believes it will yield onethinf 
more wood per sore than other wood of the same kind and eimilarly 
located, whioh has been allowed to grow up in the nensl nay. His 
aperienoe ie that wood will uanally yield one oord per are for each 
year that i t  hsa been growing. He  oomplaine that the timber rots  
more at the heart now than formerly, and eaye thie appliee only t~ 
that whioh has eproated up from the etump. The seedling treea are 
much thriftier and straighter than the eprouts. Jnet east of hie home 
he has a frnot of oheatnut whioh hsa fine timber. The trees are about 
46 yeare old, from 8 to 18 inohea in diameter and 40 to 60 feet high. 
He  eaye the seedling trees in thie growth oan be picked out with no- 
diffioulty. He  mye the oontinned cubing and lack of sue ie injuring 
the growth from the etump, and believea that the timber will deterio- 
rate from thie oauee. He mentione a traot whioh was out by hia 
father, and whioh he beliema was original forest. Siioe then it  ha^ 
been cat onoe more, about 20 yeam ago, and haa never been more 
than brush ainoe that outting. He aleo etated that Andrew Oobb, 
who owned the forgea at Split Rook, used to eay that wood wee moat 
profitable for coaling when cut every 20 yeare. The opinion is gen- 
eral hereabout, as elaewhere in the northern part of the State, that 
the timber is better cut at from 30 to 36 years old than at 60 yeare, 
being aounder. 

Mr. C.U. Diokerao~, of Denville, who has much experience, furniehee 
the following fade : He is now outting a tract of 100 aares, for whiob 
he paid $60 per acre, including timber and land, the timber being about 
60 years old. 80 far ae the young growth ie ooncerned, he think8 i t  
makes no difference whether timber is out in February or Augnet. 
He believe0 the foreeta in thie mtion are now in better condition than 
they were 26 or 30 y e m  ago, as they were then out muoh younger, 
owing to the demand of forges, railroads, limekilne, dm., and later the 
hoop-pole industry, He  eaye the ~econd growth of timber ie etronger, 
thrifiier'and thioker than the original, and eaoh euooeeding growth 
appeara to improve. Timber ought to be cut at from 30 to 40 yeare 
old, as after that it begins to rot at the heart, and the older stumpe d a  
not eend out ae.many or as thrifty eprouta as the younger. He  says, . 
ah, that oordwood coats 60 cente to cut, $1.00 for oartage, $1.60 for 
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freight, and, allowing 16, cents for waste, this makea the total $3.25, 
whereas the market price ranges from $3.00 to $4.00 per cord. 

Near Taylorvilie, some wood 12 yeare old wae recently out, and the 
larger treea were decayed at the heart. I t  ie also etated that timber 
growing rather thin on the ground ie better in quality than where it 
stands too cloee together, and that it should be trimmed out when 
about 3 years old, leaving the healthier sproub to gmw. The 
general trend of opinion aeeme to be that the rotting at the heart in- 
dioatea the necessity of reseeding. 

On this northeastern portion of the Highlaode all of the steeper 
slopes are well forested, excepting a few which are rocky and will not 
support any growth. The cleared land ie almost entirely confined to 
the bottom of the valleyq which are uenaliy rather flat. The oleared 
portions are not highly cultivated, consisting largely of gram land. 
The water-sheds of tbe Bamapo, Wanaqne, Pequannock and Rock- 
away lie almoat entirely upoli this glaoiated Highland dietriot, and to 
thia faot ia due their peculiar excellence aa sourcee of water-supply 
for our cities. The foregoing description givea as good an idea of 
the forest conditions of them water-sheds as could be given by a 
separate desoription for each strcam. 

I n  Wanaque valley, although the timber ie more intereperaed with 
clearings, it does not differ from that already deecribed, exoepting that 
there is more red cedar, which is probably due to the fact that the 
land hse been some time cleared. 

Ramapo mountain is practically an unbroken foreat, mainly oak 
and ohestnut. The main ridge from Negro pond, south to the high- 
way crossing from Midvale, ia covered with a good growth of perhapa 
30 to 40 years old, and moet of the flatter portion8 of the mountain 
are likewise well timbered. Perhapa one.third to one.half of the 
slopes are not so well timbered, owing to thinnesa of soil. The 
southern end of the mountain is mostly covered with quite young 
timber and brush, and the timber on moat of the more aocesaible parts 
has been cut within 20 years. 

Generally, the Passaio range of the Highlands and Ramapo moun- 
tain are more lightly wooded, and the timber has been more severely 
cut during the last 20' yeara than on the Central Highland plateau 
westward. The proportion of forated area to the whole ie about the 
eame. I n  thie part of the Highlands i t  is thought, generally, that the 
timber grows aa vigorously as in former yeare, and it ie aseerted that 
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a 30. ycara' growth will yield as much wood per acre aa the original 
foreet. Borne of the beat timber here ie on the slops, but on the 
other hand more s l o p  have thin soil and there are more bare rock 
ledgea than on the central plateau, and these have only a stunted 
growth or none, although they do not exceed probably o n s t h i i  of 
the entire slope area. Flat hill-tope and ravinea are well timbered as 
a rule, although Borne ridgee are quite bare of soil on the top, and the 
forest ie correspondingly poor. 

The larger trees noted were two hemlocke, one mile southweat of 
W C R ~  Milford, which measured 30 m d  36 inch- in diameter and 
about 60 feet high ; a red oak at the earne plaoe measured 42 inohes 
by 40 feet; an oak one mile north meaeured 64 inohea by 70 feet, 
and another, one and one-quarter milee north, 42 inches by. 46 feet, 
being a very beautifal tree. Near the same plane we obmved two 
chestnuts 42 inches in diameter and 40 and 60 feet high; a maple 
42 inches by 80 feet ; another, in a swamp, 48 inohee by 70 feet; an 
elm 30 inchee by 75 feet, with a beautiful spread of weeping branch-. 
A chestnut near by meaenred 36 inchee by 60 feet, and one at Mid- 
vale 64 inches by 60 feet; a pine at Wanaque measured 30 inohee by 
50 feet. No very large trees were h e r v e d  on the high part of the 
Passaic range. 

Not much reliable data could be had a3 to valuea. I n  the vioinity 
of Greenwood lake estimates ranged about as followa: Stump land, 
$6; 20-years' growth, $20; 30-yeare' growth, $30. At Midvale, 
stump land, $6; 20-pears' growth, $10 to $20; 30-years' growth, 
$16 to $26 ; large oak and chestnut, $60 to $80 per acre. 

We have noticed that a large amount of Highland forest ranges 
from 30 to 40 yearn old, and only a very amall amount exceeds 45 
years. A11 recent cutting also seems to have been of timber about 30 
y e m  old or younger. I t  would appear that muoh of the forest now 
standing, or which hae been out in recent yeare, dates from about 1860. 
Up to about that data there waa a very large consumption of timber 
for charcoal to supply forges and furnaces, aa well as for other kinde 
of fuel. Recently the cutting of timber lees than 20 years old a p  
peam to have been somewbat checked. Most of this young timber 
waa cut for charcoal, fuel and hooppoles. The reason for this check 
is mainly to be found in the leaaened demand or lower p r im for these 
produots. The evidenoe which we have colleoted seems to indicate 
that the beat reeulta are obtained by cutting at an age of 30 or 36 
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years. Cheetnut, particularly, d m  not grow 80 thriftily after this 
age. A potent faotor in checking this cutting of young timber is the 
.tendency now prevailing to acquire large holdings of these northern 
Highlande. This movement is rapidly under way, and will undoubt- 
edly result in a marked improvement in the condition of the foreeta 
during the next 20 years. At  Wawayanda lake one owner holds 
3,000 acres, and on Bearfort mountain an iron company holde 2,000 
acres. ' At Cedar lake a club holds a large tract as a game preserve. 
At Riigwood the property of Cooper & Hewitt embraicee a large ex- 
tent of territory. At Btiokle pond a private owner has acquired an 
extensive preserve. Thus private enterprise seems to promise the 
solution of the forest queation in this portion of the State. Ari most 
.of thie land is entirely unfit for cultivation, and should always remain 
in foreet in order to maintain the steady flow of the streame, as well 
as for other eoonomic reaaons, not to speak of the mthetic, it is a 
matter for congratulation that such a movement has set in, 

FOBEST8 OF THE BOUTHWEBTEBN HIQHLANDB. 

The line of the terminal moraine, which subdivides the Highlands, 
crossee from Denville through Dover, Drakeeville, the north end of 
Budd's lake, a pdnt about one mile north of Hackettstown, through 
Townsbury to the Delaware at Belvidere. The unglaciated portion 
eouthweat of the moraine is, as we remarked, much better adapted to 
agriculture, so that generally speaking the Arcbaean plateaus and 
ridges have fully half their eurfaces cleared and under cultivation, 
while the rather broad intervening valleys, which are on the slate and 
limeatone, are almost entirely deforested and under a high state of 
cultivation. 

Beginning at the northwest side as before, we have first the upper 
Pohatcong mountain lying between the Musconetcong and Pequwt 
valleys. We have previously considered the glaciated portion 
northweat of the Hackettstown and Vienna highway. Southwest- 
ward the mountain is about half forested, the slopes especially being 
well covered, while the head of Pohatcong valley is deforested. The 
alope of the mountain, toward Musconetcong valley, is followed by 
the Morris canal, to which fact may be due the recent cutting which 
probably includea 60 per cent. of the timber, within 15 yeara, and 
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mu& of thie haa been out within 6 y m .  The better growth etand- 
ing ra~gee from 8 to 20 inches in diameter and 30 to 60 feet high. 
Thie larger growth prevailti over the top of the mountain, whare 
there hae been mu& lees outting. On Furnace mountain, whioh in- 
eludee the portion weat of the head of Pohataoog valley, the timber 
ranges from 6 to 24 inches in diameter and 26 to 66 feet in height. 
Here, also, there baa been some reoent cutting. The timber ie prin- 
cipally cheetnut, with a good deal of oak, but we also find maple, 
birch, beeoh, poplar, nab, butternut, $c. There ie no waehing notioe- 
able on the monntain elope, but there is eome in Pohatcong valley, 
eapeoially in the peaoh orcharde and other areaa which are not kept. 
in gram or grain. 

Jaet southweat ie Bcott's monntain, which inoludea eome 40 aquare 
milea of plateau, aqrrounded by deforested valleys of elate and lime- 
atone. About onbhalf of the eurface of the monntain is forested, 
inoluding all the eteeper elopes. North of the highway, from Oxford 
Furnace to Belvidere, the growth ia deciduous; oak, chestnut and 
hickory, with the usual scattering birch, bee&, maple, elm, poplar 
and a h .  The beet timber is from 8 to 24 inches in diameter aod 30 
to 66 feet in height, which includes about three-quartere of the whole, 
the remaining one quarter having been cut within 10 yeare. There 
ie a little hemlock near Oxford chumh. The southeast elope of 
Scott's monntain, which ie aleo followed by the Morria canal, oontains 
timber from 6 to IS inches in diameter and 26 to 46 feet high, some 
of which has been cut within 16 yeare. On the watern elope, toward 
the Delaware, there hae aleo been some outting, and in general the 
beet timber is on the top of the plateau, ranging from 8 to 20. inches 
in diameter and 26 to 50 feet high, mainly of chestnut, oak and 
hickory, with the other varietiea previody mentioned. There is a 
little cutting, but lees than on the elopes. Such elopes aa are cleared 
ehow no evidence of washing. The most acoeseible olearioge are gen- 
erally well cultivated. Those lesa eaeily reached &ow a few eigns of 
deterioration. 

The valley of the Delaware, westward, is almoet entirely deforested, 
but the few scattered clumpe of timber are good. The bluff along 
the river containe coneiderable hemlock. 

The Pohatoong valley, eastward, including the bmad etretch of 
level country at the aouth end of Scott's monntain, reaohing over to 
the Delaware river, ie entirely deforested, there being a laok even of 
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ecattering treee, which makes this territory aeem more hre than 
any other in Northern New Jemy. What little timber there is i e  
confined to the bluff along the Delaware, and coneieta of a few larger 
trees from 10 to 13 inchea in diameter and 30 to 45 feet in height, 
interapereed with a good deal of brush. We find here hickory, but- 
ternut, beeoh, oak, elm, birch and a little chestnut and hemlock. 

Pohatoong monntain is a narrow ridge extending from Waehingto~ 
muthweet to the Delaware river. I t  has some timber along its slopes, 
mainly oak, hickory and chestnut, with the other varietiea which we 
have previoosly named interapereed, and also mme clumps of com- 
mon pine north of Asbury. The north end of the ridge ha8 a 
medium growth from 4 to 6 inches in diameter, and some of the 
pasture ia growing up to red cedar. A 50-acre lot waa notioed on 
the northwest slope which haa been cut within 7 yeara, and which 
shows almoet no new growth since. The timber seem to have been 
principally oak. The timber ia better aa we proceed towards Bloomw 
bu ry, ranging from 10 to 30 inchea in diameter and 30 to 66 feet in 
height, but the tracts are small. The beat hae been, or is now being 
cut. Just muthweat of the Lehigh Valley railroad there is a piece 
of chestnut, oak and hickory which ia better, ranging from 6 to 1 4  
inches in diameter and 25 to 45 feet high. Thence to the Delaware . 
it rangee from 8 to 24 inches in diameter and 30 to 50 feet high, but 
nearly all haa been cut within 10 years, and the beat of the remain- 
ing is now being cot out. On the ridge near Bloombury, oak stumps 
were noted ae follows : 160 years old, 28 inches in diameter ; 126. 
yeam old, from 21 to 29 inchea, and 118 years, 25 inches. 

The Mueconetoong valley, southwestward from the crossing of the- 
moraine, is generally deforested, but not quite ao bare of timber se- 
the Pohatoong valley previously described. The underlying rock of ' 
the valley is either slate or limestone, and its surface is highly culti- 
vated. The slopes in the valley show coneiderable eroeion from, 
water, and it would aeem that the steeper ones might well be re- 
forested, but, as a whole, the country is too fertile to be kept in, 
foreet. 

Schooley's mountain is c a s e d  by the moraine from Drakeaville by 
the north end of Budd's lake to a point abotit one mile north of 
Hackettatown, and this northern drift-covered portion preeents a 
marked contraat to that south of the moraine. I t  is not only more 
generally forested but its clearings are neglected, buildings ant31 
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fen= are fdling down, and it is' deteriorating into a wildernew, 
Vwhereae, just southwest the olearings are in a high state of cultiva- 
tion. The timber over this driftsovered area is generally from 6 to 
.12 inoheg in diameter, with eome htter, ranging from 8 to 24 inohee 
i n  diameter and 30 to 66 feet high, but there is oleo a oonsiderable 
proportion of emall and inferior growth. There appeara to have 
been a good d d  of cutting done 10 or 16 yeara ago, but not MI much 
-reoently. The timber is mainly ohestnut and oak, but includa a 
wide range of other varieties. ' I n  the swamp west of Bndd's lake 
<there are a few tamaraoks. 

Southwest of the moraine line about 50 per cent. of the surfsoe of 
the mountain, inoluding the more level portions, is cleared and well 
cultivated. North of Drakeatown the timber ranges from 6 to 16 
inches in diameter and 30 to 60 feet higb, and from Drakeetown to 
&hooley's Mountain springe, from 6 to 24 inohm in diameter and 20 
,to 66 feet high, but about half of this hae been out within 10 years, 
although there remains eome very good timber. Around Mount 
Olive the growth varies from 8 to 20 inohes in diameter and 30 to 65 
feet in height, but there is seme smaller growth interepelued. Along 
&he east face of the mountain it runs from about 6 to 14 inchea in 
.diameter and 26 to 45 feet high, and there is a little cutting at 
4preeent, while considerable hae been out fiom 5 to 10 yeare ago. 
'There is not a great deal left here whioh is large enough for profit- 
-able outting. Along the western slope, from Beattystown to P a n -  
ville, the timber is good, ranging from 6 to 16 inches in diameter 
and 30 to 65 feet high, eome of whiah has been, and is now being 
cut. I t  is principally oheatnut and oak, mixed with other deoiduous 
trees. From Pennville to Changewater the growth is quite good, 
and about the aame size as above, but from Changewater to Jnnotion 
lit is light, and nmgw mostly from 6 to 18 inoha in diameter and 30 
40 46 feet in height, with a few larger treee. Thie slope of the moun- 
~tain has washed ooneiderable in placee, and eapeoially where there are . 
peach orchards, the wash being much less when kept in grass. 
Taking this southern part of the mountain, from Sohooley's Mouu- 
*in post-office to the New Jersey Central railroad, the cutting within 
& yeara has been vcky severe, and all the heavier timber is being 
agpidly taken out. This ia more the case than on any other part of 
.the Highlands. Along the south branoh of the Raritan all the old 
timber is cut, and when the lots now being cut are taken off there 
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will be nothing left but timber too young to be of any nee. The. 
farms in thii eeotion appear to be well kept up. Near Pleaeant 
Grove an oak stump waa noted showing 104 rings, whioh was 3 0  
inohes in diameter. The timber being out on theee aouthweatern 
Highlande at preaent ia moetly worked up by steam milla into mer- 
chantable lumber of all kind@, inoluding almoet everything for which. 
a ready a l e  can be found. Practically none of the area beiig now- 
cut off ia intended to be cultivated, but it will be allowed to grow up. 
again in foreet. 

Mneaonetoong mountain is next, eouthweat. Along ita weetern 
faoe, from Junction to Weet End, the average timber ranges from 4 
to 8 inch- in diameter and 26 to 46 feet high, of whioh a good deal 
has been out within 10 years, and aome quite reoently. Some. 
d thia recent cutting aeems to be followed by a poor and stunted 
growth, podbly due to the browsing of oattle. Around Pattenburg- 
the chsetnut and oak range from 6 to 10 inchee in diameter and 30 to- 
60 feet high, and on the eaetsrn elope, thence to the Central railroad, 
the timber ia small. The best of thia region is on the hills, near- 
Glen Gardner. I t  is generally oak and chwtnnt, and other decidu- 
ous treee intermingled. The reeult of interviewe in thia region indi-- 
cated that, in the drat plaoe, the timber waa largely out and waled 
for the use of forgea and furnaoea, and then, after the Central railroad 
waa bnilt, there waa a good demand for timber, and the foreeta were 
cut off, since whioh time there has been a lessened demand. The l o b  
now being cut are thoae which escaped in the period following the 
completion of the Central railroad. I t  ia said that ohestnut growa. 
faeter than oak, although there wae no oomplaint of deterioration of 
cheetnnt hereabout after reaching 30 yeam of age. There ia no. 
eroeion of the s l o p  here, and the dearings appear to be well oalti- 
vated. Between the Lehigh Valley railroad and the road from Little 
York to Bloomebury, the timber is mainly oheatnut, oak and hiokory, 
ranging, i m  different parts, from 4 to 8 inch- in diameter and 20 to 
30 feet in height, up to 18 inchee in diameter and 30 to 60 feet in 
height. Quite a good deal has been recently k t ,  and a coneiderable 
area ia brush. Along the Mnsoonetoong valley slope, above Warren 
paper mills, there are a few hemlocks; and on the aame elope, near. 
the West End minee, the timber ranges from 10 to 24 inchee in 
diameter and 40 to 66 feet high. Further southwwt the timber on 
thie mountain varies a good deal, the different wood lob h a v i n g h m  
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a t  at widely different periode. Near Gravel hill an oak stump was 
noted 100 years old and averaging 32 inoh- in diameter. Mr. D. 
Harrieon, of Bloomsbury, mentions a lot of 20 soree on this momtain 
whioh was oat about 12 years ago and whioh hae grown very little 
ainoe, being now only 10 or 12 feet high, although all arotmd it the 
.growth is good. In  general, the timber grows well and quioldy. 
Cheetnut usually oomes up after mtting off, and he thiiks the wood 
.grows as well as ever it did, and that the wood is now better than it 
was formerly, that ie, it is more durable. He mentions a young 
.oheatnut pole which was out 80 years ago and has been in ose ever 
since, being etill well preserved. 

On Suocasunna plains we find a good deal of m b  oak, eepeaislly 
' jnet northeaet of Flanders, about the sand-pita and eastward of. the 

Morris anal to the north-t of Kenville. This seems to be.on a 
a n d  belonging to the Green Pond momtain rocks, and it is said that 
this sornb oak has been the eame for a long time. I t  was noticed 
-that where thew sorub oak lands had been oleared they appeared to 
,raise good orope. Generally, there is more timber over the plain8 
than on the other valleys of this portion of the Highlands. Qait. 
;a good many white pinee were noticed near Flanders, with mme young 
pine, and a few hemlocks. Along the south aide of the road from 
Flanders to Suooasnnna the timber ranges from 10 to 16 inchee in 
diameter and 30 to 60 feet high. In  mme abandoned dearinge aom- 
mon pine is coming up. There is some tamaraok in the swamp eouth 
s f  Drakesville, and it is a h  found in the ewamp on Blaok river 
from Horton Station to Suoa9eunna. 

German valley ie generally deforeeted, eapeohlly from Naughright 
down to Califon. 

On the long, narrow ridge at the eontheaet side of &man valley, 
and running from Suoarrsunna plains to Califon, there is a aonaider- 
able amount of timber on the northwest slope, mainly cheetnut and 
a k ,  ranging from 4 to 18 inches in diameter and 20 to 60 feet high, 
and it appears to be generally attached to farms and utilized in con- 
nedion therewith. 

Taking now the exteneion of the Peasaio range eouthweet from 
Dover and Denville, we find generally abont one-half of the oountry 
i n  timber, the greateet amount of cleared land being about Mendham 
and on the Upper Whippany, including Morrie Plains. Along the 
weet 'faoe of the plateau from Port Oram to Ironk, timber is h m  
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6 to 12 inchea in diameter and 30 to 46 feet high, while aouth of 
Port Oram, on the hill, it is good, but rather thin. Just south of 
Dover there haa been some clearing near the town, but otherwise the 
hills are covered with a good growth, principally cheatnut and oak, 6 
fo 16 inchee in diameter and 30 to 40 feet high. Elaewhere in Ran- 
dolph township it usuallj variee from 4 to 10 inches in diameter to 
from 6 to 16 inches, and there ha8 been some reoent cutting, but it is 
not extensive. The hills between Franklin and Etockaway are tim- 
bered with a growth 40 years old or younger. Some baa lately been 
cut off, and probably one-half is lee0 than 20 years old. Weat of 
Franklin, on the same ridge, i t  is from 6 to 10 inches in diameter, 
.and 30 to 45 feet high, mostly oak and chestnut. The timber east 
of Den brook, over to Morrie Plains, aleo appeara to range up to 
.about 46 years old, something near half being of thia sge, and the 
rest generally leas than 20 years old. Oak and cheatnut prevail. 
Near Camp Tabor several large trees have reoently been cut, which 
had stood in the open with plenty of room. They were all 36 yeam 
old, meaaured from 24 to 3 4  inches across the stump and were from 
4 0  to 60 feet high, sound at the heart. A case waa mentioned here 
of a wood lot, the timber of which wss from 40 to 60 years old, for 
which an offer had been made of $100 per acre. The treea between 
Shongum and Morria Plains, and, generally, in this vicinity, are 
about 44 years, all of which range from 6 to 24 inches in diameter 
and from 40 to 60 feet high. There are a very few coniferous trees ; 
mostly in the valleys and along the streams. On Trowbridge moun- 
tain, northeast of Bhongum, a few aoree of timber were noted, meas- 
uring from 10 to 30 inchee in diameter and 60 feet high. A few red 
cedars were noted near Morris Plains, and also some near Shongum. 
The timber near Morristown seems to be older and better than it ia 
further west. Generally, from Morristown, Mendham and Chester, 
on the south, to Ironia and Mount Freedom, on the north, chestnut 
and oak predominate, either one or the other prevailing, but there ia 
also a good deal of hickory, with some birch, white birch, maple, 
elm, &c. There does not appear to be much cutting at present, but 
there ha8 been a good deal 10 or 16 years ago, ao that there is much 
timber only from 2 to 6 inchea in diameter, but it runs from theee sizea 
u p  to 20 inohes. A fair average of the timber would be from 6 to 
10 inohea and 30 to 46 feet high. The steeper slopes are generally 
forested, and there is no evidence of washing from deforestation. On 
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the eaeterly edge of the platean, muthweat from Morrietown, the  
timber is of the aame general character aa that we have already de- 
scribed. Ba thii is becoming a residence district there is a tendency 
to preserve the timber, and most of this is of fair sizs and age, an& 
there is very little cutting. Further mathwest, on Mine mountain, 
the growth is good and thrifty, ranging from 8 to 20 inches in 
diameter and 30 to 55 feet high. There is but little cuttiog, and, 
what there is, is mostly for fencing. I t  is mainly held either in con- 
nedion with farms or the country places of people from the near-by 
cities, and there is a general tendency to cut the wood carefully and 
make the m a t  of it. Over along the north branch of the Baritan them 
is mme good timber, but most of i t  runs from 4 to 6 inches in diame- 
ter and 20 to 30 feet high. I t  is n o t i d  that aa we approach the 
red shale country there is generally more hickory and leea chestnut. 
The region between Peapack and Cheater has timber running from 6 
to 14 inchee in diameter and 30 to 50 feet high, but not much hse 
been recently cut. A considerable amount was taken off between 10 
and 15 yearn ago. There ia good timber on Mount Paul, ranging 
from 6 to 12 inches in diameter and 26 to 45 feet high, and inolud- 
ing about half a dozen white pinee. Along the Black river, from 
Chester to Pottersville, the best timber has been or is now being out, 
and the average growth is from 2 to 10 inchee in diameter and 10 to 
40 feet high. There are a few hemlooks near this stream. 

Paseing eouthwest, to the Fox hill district, we still note that cheet- 
nut disappears at the edge of the red shale, while the oak and hickory 
is good, but only small parcels are left standing, most of the country 
from the foot of the Highlands being cleared. There is alao a good 
deal of cleared land on the plateau, about Fairmount and aouthwest- 
erly, but the small Iota of timber left standing are generally good, 
raaging from 7 to 16 inchee in diameter and 30 to 45 feet high. 
Still further southwest, about Cokesburg and toward High Bridge, 
there are only scattering parcels of timber left, and here, as on the 
south end of Schoolep's mountaio, what remains is being rapidly cut 
off. The timber continues to be mainly cheatnut and oak, with the 
usual sprinkling of other varieties, but here alao, ae elsewhere, the 
dieappearance of cheetnut, when we reach the red shale country, is 
very marked. 

I t  will be noticed from the foregoing detailed review and deaorip 
tion of the Highlandiforeeta, that the aeverest:cutting at preaent is to. 
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the southwest, where the proportion of forested area is the smallest. 
Further northeast, cutting is by no means severe, and the timber ia 
steadily improving. I t  is also apparent that there is very little . tendency to waatefulnees, that the cuttiog of timber ie determined en- 
tirely by the demand, and this is true not only aa to the amount cut, 
but aa to the age at which the timber is cut. I n  the paat it wae 
found profitable to cut timber for charcoal when 20 peare old, and 
more recently for hooppolee at a still earlier age, but, owing entirely 
to a change in the markete, this has all been altered, and the tendency 
at present is not to out until the age of 30 yeare, or thereabout, hse 
been reaohed. Theae facts, aa to the history of the past, suggest at 
once that-the same influences must determine how these foreats ehall 
be managed in the future. I f  there should come a demand which 
would make it profitable to cut at an earlier age than 30 pears, it is 
diffioult to eee how such cutting uan be prevented. I t  appears, how- 
ever, that ownere of the forest are ready for any wggestione which 
will enable them to derive a greater profit from their holdings, that 
they will not be slow to reoeive and take practical suggestions, or to 
improve on their preaent methode, and that a great deal can be done 
to aid the muse of formtry in thii mtion of the State by inetmctioo. 

P M A I C  VALLEY. 

This valley, lying between the trap 'ridges variously known as 
Watchung, or the Piwt and h n d  mountains, and the eastern slope 
of the Highlande, is a portion of the red midatone plain, and is all 
glaciated, excepting the portion lying southwest of the line of the 
Delaware, h k a w a n n a  and Western railroad, between Summit and 
Morristown. This unglaciated portion, however, partakes to some 
extent of the character of the rest, rather than of the unglaciated por- 
tion of the red eandetone plain south of the trap ridgea, both in the 
variety and the extent of its forest growth. Thi fact may poeeibly 
be due to the prevalence of gravel depoeite tlaceable to Lake Pasaaic, 
which once occupied the whole valley, and partly due to a number of 
trap hills and ridges contained within the area, but whatever may be 
the muse, it is a fact that the whole valley may be c l d  together 
in relation to its foreek Generally, the percentage of fores!el area 
ranges from 20 to 40, averaging for the whole valley about 30 per 
cent. Pompton Plains is the moat sparsely wooded eection of the 
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to Paraippany them are some oak and chestnut trees whioh appear to 
be from 100 to 150 years old. North of Lea meadows there is some 
timber eaid to be worth $76 per acre. The balance of the tract hae 
had the large trees out out, leaving moetly treea of about 30 yeara' 
growth. 

On Horae hill, east of Morris Plains, the timber is from 4 to 7 
inches in diimeter and 20'to 36 feet high, on the south end, while on 
.the top and east slope, it is from 10 to 20 inches in diameter, and 
bward the north end from 2 to 6 inchea in diameter and 10 to 25 
feet high, but here also there is some better timber, ranging from 6 
to 24 inches in diameter and 26 to 46 feet high. The timber on.this 
hill is mostly oak, with mme chestnut, hickory and maple, and a 
good deal of red cedar about the clearinge. About Malapardie, 
Whippany, Troy Hills and Paraippany much of the timber ranges 
from 6 to 18 inches in diameter and 26 to 60 feet high, but there is 
-me 24 inches in diameter and 60 feet high. There appeara to be no 
.chestnut here, but mainly oak, hiokory and maple, all looking thrifty, 
and  there is very little cutting. There is alm considerable red cedar 
hereabouts, and on the lower lands a good deal of pin-oak. 

' On the uplands, between Pine. Brook and Swinefield Bridge, timber 
aversgee from 6 to 12 inches in diameter and 30 to 60 feet high, 
with very little cheatnut, being principally oak and hickory. I t  
looks thriftier on the uplands than on the meadows, the best of the 
6mber being pin-oak. On the ridge between W h i p p y  and Paaaaio 
ilivere, from Hanover Neck to Madison, the timber aeems thrifty, and 
rangea from 7 to 12 inohes in diameter and 30 to 60 feet high, and 
seems to be carefully preserved by the owners. -Setween W h i p p y  
and Morristown, also, it is good, ranging from 6 to 12 inchea in 
diameter and 30 to 66 feet high, but, for the most part, there is a 
little too much brueh and young growth. There do- not appear 
to be any chestnut, excapting along the banks of Whippany river, 
,until we approaoh Morrietown, and there ia less red cedar than 
.elsewhere. The timber is also quite good on the ridge near 
Convent, ranging from 6 to 24 inches in diameter, but there is 
aonsiderable small growth mixed through it. There is a little oheee 
nut between Hanover and Chatham, and the timber here is also 
.thrifty, ranging from 4 to 24 inchee in diameter, with most of the 
trees between 7 and 11 inches. South of Madieon, on the ridge, 
&mber rangee from 6 to 24 inches in diameter and from 30 to 60 feet 
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high, this being much larger than most of the timber in thie neigh- 
borhood. The different kinde of oak predominate, but there ia aleo 
mme oheatnut and hiokory, with a few elms, maplee, &o. On the  
upland, bordering the G r ~ t  ewamp, moat of the oak appeare to have 
been cut out within three y m .  There are quite a good many cheab- 
nuts and hickories. The larger treee left etanding are from 6 to 11 
inohea in diameter and 25 to 40 feet high. There is, alao, quite a 
good deal of brueh and nnderbrueh, with a good many young oedare. 
North of Green Village the timber is good, that is, what remaine of 
it, but some has been out within a few years. What remaine rune 
from 6 to 10 inohea in diimeter and 30 to 46 feet high, with a few 
treee ae much ae 24 inches in d i e t e r .  I t  ia prinoipally oak and 
hickory, with some chestnut, maple, b h h ,  &a Northward of Green 
Village, and toward Morrietown, timber ia generally from 4 to 24 
inchee in diameter and fiom 20 to 60 feet in height, most rang- 
ing from 6 to 10 inohee in diameter. The owner of a portable aaw milk 
bae just cut off a traot between Bilver lake and Madison. On the south- 
west elope of the ridge, between Madison and Morriatown, timber 
rangee from 6 to 11 inohee in diameter and from 30 to 65 feet high, 
with some treee ae much as 24 inohee in diameter. I t  coneiste of oak, 
ahestnut, hiokory, maple, elm, birch, &o., with a good deal of oedw 
in plaoes. Some of thia timber has been trimmed out. I n  the- 
neighborhood of New Vernoo, the average timber mgea from 6 b 
12 inohes in diameter and 96 to 60 feet high. There are some pieoee- 
of young growth, and again there are traota with trees 24 inches in 
diameter and 50 to 60 feet high. Ba a general thing there is little 
cheetnut, exoepting near the foot of the Highlands. Oak of all kin& 
predominatea, eepeoially white oak, and, on the flat places, pin-oak, 
We also find some maple, beach, elm, birch and white bimh, witb 
red cedar everywhere where old clearings have grown up. There has 
been very little mtting on this traot, between Morriatown and the 
Great swamp, within the last 4 or 5 years. 

On the northeast end of the Great swamp, near the edge of the  
uplands, there ie a good deal of small growth, iwluding red cedar. 
Further in the swamp the wood appeare to be better, the larger treee. 
ranging from 6 to 24 inches in diameter and 30 to 60 feet high, 
Larger sizes are not numerous, and a great many pin-oaks were noted. 
Along the edge of the swamp, next to Long Hill, a good many red 
cedars were found about the neglected olearinga, and it ale0 appears 
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to have succeeded the timber where it ha9 been cut off. The timber 
in the ewamp consista of oak, largely pin-oak, maple, birch and elm, 
with a few chestnute, the latter growing only on the high ground. 
Taken as a whole, the timber in this ewamp ie very poor. One hun- 
dred aores in the aouthern part was cut off last year. The beat timber 
ia said to be near White Bridge, but good timber was also noted near 
the northeaet end of the swamp, elsewhere the larger and better trees 
have been cut out. This cutting has been especially severe during 
the laet 10 years. I n  the valley, along the river above Chatham, the 
moat of the timber is either close to the atream or in widely-aepa- 
rated clumpe, much of the valley being under cultivation. A good 
deal wss noted ranging from 6 to 24 inches in diameter and from 30 
to 60 feet in height, but some is amaller. Gtenerally, this valley 
timber ie thrifty and better than that on the adjoining ridges. The 
best of it is just west of New Providence. There i3 almost no cheat- 
au t  here. 

I n  the northern part of the valley it is estimated that ewamp land 
timber of the older and heavier growth is worth, on an average, about 
$60 per acre, and upland timber of about the eame age, $100 per 
acre, supposing, in each oase, that the timber is mostly oak and 
hickory. I t  waa claimed that stump land was worth from $20 to $40 
per acre, but thb estimate evidently doee not consider swamp lande, 
which are generally worth less than this after the timber is cut off. 
Here, as in other portions of the State, the ordinary rule is followed 
to estimate for 30 years' growth a yield of 30 cords per acre, and 
thereafter about one cord per sore for each year that the timber haa 
been growing. Obeervation seemed to indicate that moat of the 
timber grows lees rapidly after reaching about 30 years of age, and 
.the largeat yield ie thought to be obtained by cutting it between 30 
and 40 years old, especially if the growth is largely chestnut, ae this 
timber often deteriorates as it grows older. There is some difference 
a f  opinion as to whether this deterioration ie, or is not, increased by 
continual reproduction from the old stumps without reseeding, but 
the general trend of opinion is that this ie at least increasing the 
Cndency of chestnut to decay at the heart. I f  this is the cause it 
will be advieable to begin reseeding when timber is cut off. 
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WATCHUNG MOUNTAINS. 

Theee two trap ridgee have from 40 to 60 per cent. of their entire 
sres oovered with forest, the average beiig not far from 60 per cent. 
There is mnch more timber than on the Paeeaio valley to the west- 
ward, but the oontnret is still eharper with the deforested oountry 
aouth and east. 

North of Campgaw, there is' an unbroken tract of about 2,000 
acree of timber covering the trap hill. I t  is prinoipally chatnut 
and oak, about 60 feet high and from 6 to 12 inches in diameter in 
the northern portion, and from 20 to 40 feet high and 3 to 8 inches 
in diameter in the southern part. From Campgaw, by Sioomac to 
the Goffle, the timbered arem are more scattering and also more varied 
in ohamter, but oak and chestnut are etill predominant. Over all 
these trap ridges red cedar prevails, springing up spontaneously andl 
pereistently in abandoned clearings. I t  is generally leee than 20 feet 
in height. The Goffle has some good oak and chestnut timber 50 to 
70 years old, from 60 to 70 feet high and 10 to 14 inches in diameter. 
On Preakness mountain, and the ridge just west, the growth ie largely 
mixed with ied cedar, and is of an inferior size and quality on the 
trap, being mnch better on the red sandstone portion of the eastern 
elope near the foot. Near Pompton lake there is considerable good 
hemlock, this last being a rather unusual growth for this part of the 
State. Second mountain, about Caldwell and northward, has some fair 
oak, cheatnut and hickory. First mountain is not so well timbered, 
and has more red cedar. Abandoned clearioga are quite frequent, 
and the whole of the growth is irregular and patchy. Most of the 
timber is aleo younger than that in the Eackeneack valley. There is 
a notioeably greater prevalence of hickory on the trap than on the 
red ssndstone. 

Sonthwest from Caldwell and Verona the timber ranges, generally, 
from 4 to 12 inches in diameter and 20 to 45 feet high. There is  
very little chestnut, excepting near Montclair, on First mountain. 
On the same ridge, at Eagle Rock, the timber is small. Around St. 
Cloud the growth ranges all the way from 2 to 12 inches in diameter- 
and from 10 to 45 feet high. On the east slope of First mountain, 
from Weet Orange to Wyoming, there is aleo much variation in t h e  
size. The weet slope eeems rather better wooded, ranging from 6 t o  
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24 inchea in diameter, with the larger part from 8 to 12 inches, and 
there is leas young growth. On Second mountaio, about Livingeton, 
the timber is moetly oak and hickory, with very little cheatnut. 
There is a good deal of small growth, but there are some trees rang- 
ing up to 24 inches in diameter. There is also much red oedar. 
Around Livingeton there has been more clearing away of foreate for 
cultivation than anywhere else noted. The timber on these ridges, 
here aa eleewhere, oontinues to be inferior to that in the adjacent val- 
leye. Near Northfield, a piece of timber was noted, about the best 
of any in the vicinity, ranging from 6 to  24 inchea in diameter and 
30 to 60 feet high. This lot contained 19 aoree, and had just been 
sold, including land and wood, for $600. I t  was estimated that it 
would yield 28 cords per awe. Over this part of the mountain the 
timber ranges all the way from 2 inobea up to 18 in diameter and 
from 10 to 46 feet high, with a large proportion of the smaller sizes, 
but some scattering treea are as much ae 24 to 28 inches in diameter, 
the poorer timber being, generally, toward the top of the mountain 
and on the eastern slopes, but for two or three miles north of Mill- 
burn there is an exception to this rule, as the timber is good, and 
rangee from 6 to 24 inches in diameter. Around LShort Hills and 
Summit there is a good deal of chestnut again, and not much cedar. 
Southerly from South Orange turnpike, First mountain and the val- 
ley weat contains some pine. There is also a little hemlook along the 
Paesaio near Btanley, and again near Millington. There is also a 
little pine on h a g  hill near Stanley, and on Second mountain, south 
of Murray Hill. Continuing southweat from Summit, the beat tim- 
ber continuea to be on the neat elope of the mountain. The various 
kinds of oak pmail, with chestnut, hickory and the other usual 
varieties. For the most part the wood is poor and appears to be 
stunted, although it is claimed that it can be profitably out in 20 yeare, 
but our examination seemed to indicate that 40 years would be gener- 
ally neceesary, and even then the growth would be much inferior to 
that of the adjoining valleys. There is much of this timber ranging 
from 2 to 4 and 6 inohes in diameter and 10 to 30 feet in height, 
with a little ranging up as high ss 18 iwhea in diameter and 60 feet 
high. Continuing southwest of the road from Baeking Ridge to 
Bound Brook, the timber becomea still poorer ; the treea appear to be 
old, but are short and stunted. Continuing on around to Baeking 
Ridge, the same conditions, generally, prevail, the wood being moetly 
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emall, but with a few large treea. Throughout the whole extant of 
the ridgee, red oedar appears to be abundant about the edges of the 
clearinge, and where the clearinge have grown up. Not muoh autting 
waa noted, as the growth was too small to make it profitable. The 
woode consist of oak, hickory, maple, birch and beeah, with a little 
chestnut. We are inclined to thbk  that the general inferiority of the 
timber of the trap ridgee arises, partly, from the nature of the trap 
rock soils, and partly from the fact that thew ridgee are very a m -  
sible to a thickly-settled country, where timber ia comparatively 
ecarce, and, in consequence, ootting has probably been more eevere 
than elsewhere. 1Ls a reenlt of theee two cinneee the timber ie deteri- 
orating. On the whole, the tendency on theee ridgea seem to be to 
allow clearings to grow up, but as they have, within a few yeare, be- 
come occupied, to a great extent, by an immigrant population, this 
tendency may, poseibly, be reversed, owing to diffaent methods of 
farming. It may be mentioned, in this connection, that the curious 
fact haa been noted, in our forest otudies, that there is lees diepoeition to 
deetroy and waate the foresta ehown by our native rnral population 
than by the immigrant population from countries where the control 
and management of foreata is, on the whole, far superior to our own 
methods. 

HACKENSACK VALLEY. 

The Red Sandstone oountry lying between P a l d e s  mountain on 
the east and h m a p o  and Orange mountains on the west, wae deeig- 
nated by us, the Eaokenaaok valley, in the " Physical Description." 
Topographically, it ie all one valley, although not all drained by the 
Hackensack river. I t  includee all of Bergen and Hndaon countiee, 
Paasaic county, southeast of Pateraon, and the northeastern corner of 
Essex county. I t  contains a large urban and suburban population, 
and it eeems aomewhat anomalou@that it should also include some of 
the beat timber of the State. The valley, as a whole, has 30 per 
cent. of if8 upland area in timber, or, in other worda, 61,000 acres in 
a total of 180,000 mrea of upland. Bergen county bas 39 per cent. 
in timber, Endeon county only 5 per cent., the Pamaic county portion 
9 per cent., and the Esaex aoonty portion 20 per cent. I n  topographi- 
cal position thia timber is largely confined to the slopes, level valley 
bottoms and plate- being mainly under aultivation. These oulti- 
vated portiong however, have a very liberal allowance of scattering 
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f'oreat trees, oroharda and other planted trees, eo that in looking over 
the  valley from an elevation it appears to be very ganerally wooded. 
The really forested portion ranges through all conditions, from a very 
limited amount of brush and stump land to heavy timber. Very 
little of it is now cut off entirely, most of the cntting being selected 
treee, so that the considerable amount of timber taken out each year 
i s  scamelp: miseed. There is no waatefulnese apparent, se a rule, in the 
handling of the foreate. I t  is generally a mixed deoidnoue growth, 
with oak predominating in the lower land along the Hackenssck, 
while cheatnut prevails on the higher ridgea westward, and softer 
woods, euoh aa gum, white birch, beech and maple in the swamp. 
Here and there are a few scattering hemlocks. From Closter to 
Englewood there is mnch red cedar. The timber is usually in rather 
famall, isolated areae, not often reaching 100 acree in extent. There is 
n tract of some 600 acres along the Hackensack near the State line. 
Proceeding southward from the State line, acroee the whole width of 
the valley, there is a gradual decreaee in the amount of timber. The 
growth in the vicinity of hmseys  to Wyckoff is rather mixed, con- 
aietiag of oak, cheetnut, maple, beech, elm, white birch, red cedar, &a, 
in  all etagee of growth, from brush to trees 80 feet in height, but 
Qhere is a notable abaenoe of stump land or new clearing. Near 
Patereon the country is quite deforested, the 9 per cent. of foreat in 
.the Passaic portion of the valley consisting mainly of small patches 
of oak and cheetnut, preserved in connection with farms, and only 
.cut omasionally and sparingly aa needed. Moet of the grovee contain 
much fine timber, and are generally well cared for. Proceeding 
aonthwest into h x  county the wooded area is increased to 20 per 
a n t .  and is somewhat similar to that described, although the timber 
cis, aa a rule, not so good. There are some quite large timber areae 
north of Belleville. I n  this Hackeneaok val!ey, ae a whole, the 
timber is probably aa well oared for as in any other equally large 
aection of the State. I t  is thrifty and healthy, and suffers compara- 
tively little from fires. 

The value of the land here ie, of course, generally muoh too high 
for profitable forestry. I n  most well-located placee it is worth from 
$400 to $1,000 per acre, where it is still sold by the acre instead of 
by the foot. I n  a few out-of-the-way plaoes it rangee lower, but ia 
i n  any case largely independent of the charsoter of the timber. From 
inquiry, it was estimated, however, that the timber alone wss worth 
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from $30 to $60 per sore for a 30-years' growth, and in proportiom 
for younger timber, bat old timber of mixed varietiee ia worth from 
$100 to $160 per aore. Swamp land timber ie mid to be rarely worth 
more than $20 per aore. I n  the vicinity of Wyckoff we obtained the 
following general prices: 8wamp land, $6; 20-years' growth, $18 
to $26; 30-yeara' growth, $25 to $36; large oak and chestnut, $78 
to $100 per me .  About Oakland, stnmp land, $3; 20-years' 
growth, $20 ; 30-years' growth, $30 ; large mixed growth, $60. I n  
each inquiries aa thie it becomes quite evident that many of the 
eatimatee given are baed on the prevailing rule that timber will pro- 
daoe one cord of wood per acre for eaoh year that it is growing, and 
that thi wood is worth about $1 per cord on the stnmp, ae wae de- 
tarmined by a large number of written inquiries sent oat by the 
Sarvey, the reealte of which were publiebed in the Annual Report 
for 1886. This rnle seems to prevail all over the state, but it is quite 
evident that it cannot be equally fair for all sections, although prob- 
ably a good working average. 

A few tracts claimed to be original forest were noted in the Hack- 
eneack valley. One ie half a mile east of Hillsdale, containing about 
30 aaree of oak, 15 to 28 inches in diameter and about 70 feet high; 
a small piece of oak, one-half mile muth of Riverdale, another, one 
mile weat of Englewood, oontaining oak from 16 to 30 inchee in 
diameter and from 60 to 80 feet high, and another piece of oak, one 
mile northwest of Oradell, on the ridge. I t  i noticeable that all of 
thew tracte are of oak. 

8everal large trees were noted throughout the valley. At Hoho- 
kne, a fine elm 50 inches in diameter and 80 feet high, with a epreaa 
of branches of about 100 feet; one mile mathwest of Etna, an oak 
46 inches in diameter and 60 feet high ; in an old clearing, one mile 
northeaat of Saddle River, two chestnuts each 60 inches in diameter; 
on the eslate of the late Hon. W. W. Phelps, at Teaneck, two oaks 
40 inchea in diameter ; at Ridgewood, a chestnut 60 inches in diame- 
ter; at Haworth, a chestnut 84 inches and another 78 incbea inj 
diameter; north of Arcola, a chestnut 72 inchea in diameter; ati 
Overton, a chestnut 76 inches in diameter. Moat of these chestnuts 
me only remarkable for girth, but near Oradell there is a fine cheat- 
nut tree 63 inchee in diameter and 66 feet high ; at the forks of the 
road, a little over one-half of a mile north of Ramaeys, a chestnut 6 0  
inches in diameter and 50 feet high; another, three.quarters of a 
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mile northweat, 60 inchea in diameter and 46 feet high. Near C a m p  
gaw we potad a cheetnut 62 inchea in diameter and 60 feet high, and 
two 0th- 66 inchee in diameter and 50 and 60 feet high ; north of 
Wyckoff, a large whitewood 36 inches in diameter and 80 feet high ; 
near Wortendyke, a chatnut 48 inches in,diameter and 66 feet high. 
Near Paterson cheatnuts were noted 36 to 60 inches in diameter and 
60 feet in height ; also, two large black walnuts, near the river, north- 
& of Paterson, 42 inches in diameter and 60 feet high. The total 
coneumption of saw-mills in thie district was ascertained by inquiry 
to amount to practically 2,400,000 feet, board meaaure, of lumber, 
and beeidea this kindling-wood factories consumed the timber from. 
about 25 acres annually. The whole coneumption by these mills 
would, therefore, probably not exceed the growth from 86 acrea an- 
nually. Besidee this use, however, there is the consumption for rail- 
road ties, telegraph and telephone poles and fuel, the amount of which 
hae not yet been ascertained. 

As regards the succession of growth, the general opinion seems to. 
be that it is of the same kind as that cut off, although eome claim 
that white oak and hickory are followed by a more mixed growth. 
I t  is evident that since the cutting off entire of areaa of timber aeeme- 
to have been long ago abandoned in thie vicinity, and that m a t  of 
the cutting is, ae we have remarked, by culling out, there cannot be 
muoh reliable data obtained on thie point. At Moonachie, maple i~ 
raid to have succeeded oak, and at other places the su~cession has 
h e n  cheatnut. There is no room for doubt, however, that as a rule 
abandoned clearings grow up in red cedar, although this is oocseion- 
ally accompanied by, or replaoed with, white birch. 

Groves of planted white pine may be seen on the estate of the la& 
William Walter Phelp, and also one mile eaet of Saddle River, south 
of the road from Ridgewood to New Milford. 

PALISADE8 MOUNTAIN. 

I t  will be a surprise to many to learn that thie ridge, so near to the. 
large citiee and in the moat populoue section of the State, is so welb 
wooded. From the State line, south to Edgewater, a distance of 13. 
milee, and for a width of I &  miles back from the bank of t h e  
Hudson, practically 90 per cent. of the whole area is well timbered, 
The fomt  covers an unbroken tract of 11,000 acres. Beginning at t h e  
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St& line and extending to 1 mile below Huyleie landing,  we^ have, 
a n  the talw elope along the river, a mixed deoiduow growth, mainly 
chestnut aad oak, from 30 to 60 feet high, varied with pine and hem- 
looh near Huyler'e Iandhg. We give here, ae elmwhere, only the 
prevailing timber, but in reality thii whole Palisades fore& indudes 
a large number of varietiee. Farther down, to Linwood, the growth 
a n  the talw ia more irregnlar, containing a fair proportion of oak and 
cheatnut of good eize, with scattering hemlock. From Liiwood to 
Port Lee the blue is well wooded, mme good white pine being found, 
%ut oak and cheetnut prevail. From Fort Lee to Edgewater the 
~ i v e r  elope of the ridge ie well timbered, but a strip of land along the 
,river, at the foot, hae been cleared and occupied by reeidenoee. On 
-the flat top and upper portion of the western elope of the mountain, 
from the State line to Edgewater, if we except some red cedar near 
the 8tate line, the growth ia practically of mixed deciduoue varieties, 
mostly oak and chestnut. Thia timber rangee from undergrowth to 
.trees 40, 60 and 80 feet in height. Diameters of from 20 to 30 
.inches, and heighte of from 60 to 80 feet, are not at all uncommon, 
-espeoially from Huyler'e landing to Edgewater. Taken ae a whole, 
i there are not many finer belte of timber in the State. The land is 
largely held in euch a way that there ie comparatively little danger of 
wholeaale deforesting, but thie beautiful forest hae almost ae good a 
-claim to future preeervation ae the eeoarpment of the Paliead-. 
South of Edgewater the ridge ia practically a city to Bergen Point, 
and entirely deforested. 

FOREST COVER ON THE BLOPEB. 

On the southeastern part of the Highlands we find steeper slopes, 
very generally wooded, and a detailed examination of such slopes ae 
would be likely to wash, becauee of lack of foreat cover, ehowa that 
not more than 6 per cent. of their area has been cleared of timber. 
There ie, to be sure, also a small proportion of rocky elope which 
does not bear timber, because the soil is lacking, and which never haa 
been able to   up port the growth of foreat. Be we have remarked, in 
-dealing with this section, the clearing8 are almost entirely confined to 
the valley bottome and a few level places on the plateaue. Over the 
southweatern Highlands we find more elopee deforested, ae ehould be 
expeoted, ae a larger percentage of the whole area is under cultivation. 
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We find here that 30 per ant., or about one-third, of the steeper 
elopee have been cleared. There is no evidence of &one wash due 
to this clearing on the Highlands proper, excepting a little along the 
Mneconetcong valley, where the s l o p  are in peach orohards. T h e e  
orchardg beiig kept cultivated, with no cover of gram or grain, are 
peouliily liable to wash. Some of the s l o p  in the deforeeted an& 
highly onltivated valleye, where the underlying rock is elate or l ime  
stone, alao show considerable eroeion due to waah, and here, if any- 
where in this motion, mme attention might profitably be given b 
reforesting the steeper slopes, although, as a rule, the land is too fer- 
tile and productive to be allowed to 'remain in f o r d .  On the re6 
eandstone plain, northeast of the moraine, we find 53 per cent. of the  
steeper slopea stripped of forest, but it must be remembered that hers 
the country is much more level, as a whole, than in the Highlands, 
and while there the slopes cover a large proportion of the whole area, 
they are here comparatively insignifioant in area. What forest there 
is on the red sandstone is rather more likely to be on level areas than 
on elopes, as it ie left standing where the soil is wet and oold, o r  
where it ia largely oovered with boddera and drift, so as to be 
 tilla able. 

FOB- OONSIDEBED BY WATEB- SHEDS. 

The moat important Highlands water-she& are the headwaters o f  
the Pawaic, and thoee who would know in detail the condition of the 
foresta on theee streams should refer to the description of the south- 
eastern Highlands, already given in thb  report. The Rockaway, at. 
Boonton, has 82 per an t .  of ite catchment in fo rb ,  while the Pe- 
qnannook has 78 per cent, and the Wanaque and h a p o  eaoh abont. 
76 per cent, including the portion in the State of New York. Thew 
four streams are all in the northegetern Highlands. On the south- 
weatern Highlands we have only the Whippany, abwe Morrbtown, 
which has 56 per cent. of foreet. The upper Paseaic, at Chatham, 
lies largely in the central Pawaic valley and the red mndetone plain, 
It haa 23 per cent. of ita catchment in forest. The Paseaio, aa a 
whole, haa a catchment of 949 square miles, of whioh 608 square 

. miles lies on the Highlands, and 441 square miles on the red sand- 
atone. Forty-four per cent. of the whole catchment is forested, but 
about 69 per cent. of the portion above Paterson. The Rsritan 
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beadwatera aleo lie on the eouthweetern Highlands, and have about 
S O  per cent. of their oatchment in forest, while the Mnaoonetoong, in 
thie same region, haa 39 per cent. in forest. 

Here in the Highlands, aa eleewhere to a great extent in the State, 
the principal importance to be attaohed to the proportion of foreat on 
the water-ehed ia that it ia indicative of abaenoe of cultivation, and to 
a certain extent, of population, coneequently there is leas roilineee of 
the water, and leee liability to pollution where the per an t .  of forest 
is large. While, as a whole, the Highland4 etreams are of good quality 
i n  their natural oondition, and good potable waterq it ia neverthelees 
plainly evident that thoee etreame which have their catchment in the 
northesetern glaciated Highlands carry much leas sediment, and are 
purer and clearer than those in the more highly cnltivated 0011th- 
weatern Highlande. Thie fact we believe to be due partly to the 
larger percentage of foreat and lese extent of cnltivated lande which 
we have noted. The Pequeat catohment a h  lies to a oonaiderable 
extent on tbe aouthweatern Highlande, but ha8 so much of ita area in 
the Kittatinny valley that the foreeted portion ia only 18 per oa t .  of 
4he whole. 

On the red sandstone the Hackensack catchment has about 60 per 
cent.of forest area, and we believe that it ie at leaet partly due to 
thie faot that the Hackensack carries mnoh lees sediment than etreame 
like the Raritan, on the deforested portion of the red sandetone. 

BELATION OF FO-T TO THE FLOW OF STSEAMS. 

I n  oonneotion with our etudiea of the water-supply of the Btste, 
we have, sin- 1890, made extended obeervations of the flow of our 
etreame. We ale0 etudied a large number of measuremente of the 
run-off of etreama over the United States. Incidentally some atten- 
tion waa given to the queetion of the relation borne by forests to 
atream flow, but thie being merely incidental, it ia our purpose at 
present to give a fuller acoount of these etudiee and supplement them 
by some further examination. 

The queatioi~ of the effect of cutting of forests had been brought to 
our attention by the widespread opinion held by the people of the 
8tata that the etreame had been unfavorably affeoted by the cutting 
off of foreate, and believing that widespread popular opinion usually 
is founded on eome fact, we were led eome years ago to give some at- 
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tention to the matter. The gronnds most frequently stated for the 
Belief that the streams had fallen to a lower stage than formerly ap- 
geared to be that certain streams, like the Ranoocas and other branches 
a f  the lower Delaware, the Raritan, &c., had formerly been nav- 
igated to a oonsiderable extent, and it ie popularly believed that thie 
would be impossible at present. It'was also claimed that the streams 
run much lower than formerly and are more subjeot to serious floode. 
I have found that these opinions are shared alike by the ordinary and 
the more scientific observers familiar with the streams of the State. 
I t  was also found that the extremely dry years of 1880 and 1851 led 
t o  a rideapread expression of theae-opinions, and the cause assigned 
fo the falling off of streams was almoet invariably the cutting off of 

. -forests. The assignment of this cauee appeared to be, to a ooneider- 
able extent, due to the snggestion of writers on forestry and advocates 
-of forest protection. The aim of our studias has been to ascertain 
what definite data and actual measurements show as to the truth of 
.these aeaertions. 

Before proceeding very far we were confronted with lack of evi- 
dence that the amonnt of land in forest has sensibly d e c r d  within 
the State during the last half century. I n  general, the land not 
actually cultivated in the State is forasted, excepting about 10 per 
oent., which repreeents fallow land, highways, town eites, &c., conse- 
quently we will take the statement of the number of acres in farms, 
and of the portion of that land improved, from the United States 
Census, since 1860, in order to ascertain whether there has been any 
.oonsiderable change in the amount of forested land : 

1950. 1MO. 1670. 1880. 1890. 

Total land in farms ............ 2,752,916 2,983,525 2,989,511 2,929,773 2,662,009 
Improved land in farm ....... 1,767,991 1,942,281 1,978,067 2,097,719 1,999,117 

I t  will be seen that the improved, or cultivated, land ie increased 
only to the extent of about 231,000 awes since 1860. As the total 
upland area of the State is 4,500,000 acres, it will be seen that this 
;is but 6 per cent. of the upland area, and it will also be noticed that 
the total land in farme has actually decreased. Since 1860 the 
amount of improved land has increased'by an amonnt which is equal 
to only about 1 per cent. of the entire area. Robert Gordon made 
an estimate, which indicates that 76 per cent. of the entire area was 
in farms in 1833, This was, probably, rather high, but still the in- 
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dimtiom are that there hse beem no important incresee of cultivated 
land for over 60 years, consequently, any change which may have 

I 
been noted in the streams, in the memory of people now living, i~ 
not likely to have been due to a decreaae in foreet area. 

The question which snggesta itfelf next is whether the character o f  
the forest bae changed. We have a large amount of evidenoe to the 
effect that when the forges were running, all  over the State, the cutting 
of foreate was very severe, in order to procure coal for the forges and 
fuel for other purpoees; as before the general introdnotion of anthracite 
coal, and, indeed, for a good many yearn after, the nee of wood for 
domestic purpoeea and in many industries was much more common 
than it ia at present. The Highlands foreeta were then generally cut, 
at the age of about 80 yearn, and we find at preaent a very large 
amount of Highlands forest which data  from abaut 1860, oonse- . 
quently, it would seem to be indicated that the foreeta in that mtion. 
of the State, at leaat, are now older and heavier than they were i e  
1860, when, it is faid, large areas of the Highlands preeented an ex- 
tremely bare appearance. Nevertheleee, it is quite poeeible that, OD 

the whole, a coneiderable amount of heavy timber throughout the 
State has disappeared since that date, and been replaced by s younger 
growth. Thie is, perhaps, true to a greater extent on the portion0 of 
the Delaware water-shed which lie outaide of New Jemey than on 
any of the water-she& of this Slate. 

We have also to remember, in eonaidering the early navigation of 
our streams, that thia was uaually in flatboats, drawing very little 
water, and it is true that for eonaiderable portions of the year these 
streams could still be navigated in thb way, where no artificial ob- 
structions have been introduced. When they were navigated there 
were no railroads, and the highways were in very poor condition ; oon- 
sequently, facilities for transportation by water, which would now 
seem ridiculously inadequate, were then adopted as the best means a t  
hand. We shall see, ae we proceed, nevertheleee, that there may be 
some ground for the popular opinion that the streams are, much of 
the time, lower than they formerly were. 

We will proceed to examine the large amount of data as to stream 
flow whioh we have at hand, in order to see what may be diecovered 
ae to the tffect of forests from thie. Much of the data which we. 
shall refer to has been given in the Report on Water-Bupply of 1894. 
I h t ,  the examination of the longeat and beat rainfall reoords shorn 
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a tendenoy to grrrdual inareaee in the rainfall of the State from 1825 
up to about 1870, einoe which time we have paaaed through some 
remarkably dry periods and the rainfall has fluotuated. The sevemt 
of theee dry periods extended from about 1876 to 1886, and a num- 
ber of jcare from 1876 up to the present date have had severe 
dronghte, although we have also bad, during that period, some ex- 
tremely heavy rainfalls for certain years. These change in rainfall, 
whioh are probably not permanent, may have a considerable baring 
npon the alleged falling off in the flow of the streams. 

The next important matter to be inveetigated ia whether our re- 
oorded atream flowe indicate any effect of forests npon evaporatio~~ 
fmm the surfacea of the wster-sheds. There have been a good many 
claimq apparently well-grounded, that foreah diminish thia evapora- 
tion aa oompared with cultivated srecrs. One claw of data on which 
thia ia baeed, however, must be r e j d .  We refer to experimental 
mersurementa of evaporations from the soil within the forest. Such 
experimenta cannot even approximate the oonditions which exiet in 
nature, and moreover, our problem muet include all of the evapora- 
tion ; that ie, not merely the water which is evaporated direct from 
the eoil, but that which ie taken up into the treea, either to be ?gain 
exhaled to the atmosphere, or permanently incorporated in the eub- 
etance of the tree. 

We can conceive of no way which will so accurately measure tbe 
evaporation from a given area of the earth's surface as to measure 
for a eeriee of yeare the total rainfall npon that area, and eimul- 
taneonsly, the total amount of water which runs off in the streame. 
We have found that only an insignificant amount of water ia taken 
permanently Hto the ground on ordinary water-eheds, so that the 
difference between the total rainfall and the total run-off repreeente 
direct evaporation by the atmosphere, together with the water taken 
up by vegetation to be either ultimately evaporated into the atmos- 
phere or incorporated into the plant. There may be diffioulties in 
making such meaanremente, it is true, but they are nowhere near so 
great aa the difficultiee in the way of more.limited experiments, for 
we, in this way, preaerve natural conditions ; moreover, it haa been 
found poaaible to make them meaauremente eufficiently aoourate fur 
dl economio purpoees, and any ,influence which foreete may hare 
npon evaporation whioh amnot be dewted in thie way ia too unim- 
portant to have any economic bearing. Therefore, if we have a. 

10 
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large number of good ganging8 for water-ehede, varying coneiderably 
in the proportion of forest area, or otherwise in the charaater of their 
vegetation, we ought to be able to diaoover in thie way whether thie 
vegetation has any important influence on evaporation. 

I n  the Report on Water-Supply we investigated, in thie way, records 
of rainfall and flow-off on eight etreams in the eastern United Btatee, the 
length of the reaorde varying from 7 to 17 yeare. Our investigations 
led us to the diaoovery that the important fmtor in determining the 
amount of evaporation was the average temperature for the water- 
abed, and we fonnd that evaporation increased or deoreaaed through 
the range of our obaervatione at the rate of 6 per cent. for each in- 
creaee or deoreaee sf one degree in mean temperature. We tested 
thie law by applying it to the 8 streams of the eastern United Stat., 
and to 6 etreams in the Miesiseippi valley, and found that it held 
good for temperaturea from 47 to 60 degreee. We then applied the 
law to gaugiogs of 12 New Jereey etreams, and found that i t  held 
good for theae aho. I t  ie evident, therefore, that we oan make no 
oorrect comparieon of evaporation from foreated and deforested water- 
ehede without allowing for difference in temperature, and, indeed, 
without such allowance we shall find that in many caws forested 
water-ehede show a much larger evapbration than thoee almoat 
entirely deforested. For instance, the evaporation on our Baritan 
water-ehed, which has only 13 per cent. of ita area in forest, ia more 
than' 10 per cent. less than on the Great Egg Harbor, which haa 88 
per cent. of ite area in forest. I n  the table accompanying, I have 
need some data which are fuller and better than I had at the time 
that the Report on Water-Bupply was written, but for the most part 
they are taken from that report. The table ehowe the mean tempera- 
ture of each water-ehd, the per cent. of its area in foreat, the ratio 
which the observed evaporation from that water-ehed bears to the 
observed evaporation of our own Paeaaio water-shed, the latter being 
taken as 100, and in the last oolumn the eame ratio ae determined 
from the mean temperature by the previously referred to law of in- 
crease and d m ,  and.1 may here remark, that thia law of increase 
and decrease ie one which has long been an established law of physim, 
although it ha8 never been applied to evaporation from the surface of 
the earth, so far as ia known to us, until .it wae so applied in the Re- 
port on water-Supply. 

NEW JERSEY GEOLOGICAL SURVEY



THE 8TATE GEOLOQIIST. 

COXPABATWE TABLE O F  EVAPORATION FBOM WATER-SHEDB. 

EVAPOPATION FBOM PAESAIC WATER-SHED = 100. 

Temperature. 
Degreek 

Psasaic .................. 49.7' 
Rsmapo ................. 48.6" 
Pequannock ............ 47.4O 
Musconetcong ......... 48.4' 
Peqneet. ................. 48.4' 
Pauline Kill ............ 48.4' 
Hackensack ............ 60.6' 
Raritan .................. 60.6O 
Delaware ............... 47.4" 
Great Egg Harbor ... 52.5O 
Batsto .................... 62.6' 

Per cent. of 
forest area 

68 
76 
78 
39 
18 
27 
60 
13 
53 
88 
88 

Observed ratio 
of evaporation 
to that of Pas- 
eaic catchment. 

100 
103 
87 
92 
91 
97 
104 
104 
82 
120 
116 

Ratlo to Pasrsic 
catchment, corn- No. of 

puted from years of 
temperature. record 

100 17 
94 2 
88 3 
93 2 
93 2 
93 2) 
104 8 
104 4 
88 1 
114 3 
114 1) 

IN OTHER STATES. 

.Sudbu ry, Mass ......... 49.7' 14 100 100 16 
Croton, N. Y ........... 49.7' 30 100 100 14 
Connecticut ............ 47.0' 63 86* 86 13 

........ Neshaminy, Pa 61.7' 7 107 110 7 
Perkiomen, Pa ........ 60.7' 25 105 106 7 
Potomac ................. 62.0' 52 10Qrc 111 6 

We have, however, to allow for the fact that evaporation variee 
:somewhat with rainfall, although not in direot proportion thereto. 
The relation waa carefully determined for the Pawaic in the Report 
on Water-Supply, and is expreesed by the following formula relating 
;to yearly rainfall and evaporation, all e x p r d  in inchee : 

Evaporation = 16.6 + .I6 raintall. 

I n  order to compare the evaporation on a given etream with that 
.of the Paaaaic, as in the table, we ascertain the average rainfall, and 
deduct from it the average run-off for the stream in question, taking 
the difference ae evaporation, and then computing what would have 
been the evaporation on the Paaaaic for the aame average annual rain- 
fall by meam of the above formula. The two columns of the table 
showing the ratio of evaporation as actually observed, and ae it 

*From gauginga published by Cyrus C. Babb, in Transactions of American Society 
of Civil Engineere, being longer and fuller than those given in the Report on Water- 

.~~uPP]Y. 
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&odd be when the difference of temperature is allowed for, may be  
compared to determine the effeot which a larger or smaller percentage 
of fomt  area may have upon the evaporation from the given water- 
ehed. If the obeerved ratio is larger than the computed, it will in- 
dioate greater evaporation, and if it is smaller it will indicate '1- 
evaporation. It will be seen that, as a whole, the agreement is 
remarkably oloee, and e a p b l l y  so with the longer d e a  of gauginge, 
the length of the mord being shown in the laet column. The table 
fi, abeolntely, to indicate any effect upon the evaporation due to 
euch foreeta as prevail over the Eastern United States. I t  ehould be 
said that, where we have no other data, the per cent. of fond  area is 
aomputed by taking the difference between the total area and the areat 
of improved land, as given in the cenena, and then deducting from- 
thie 10 per cent., which we have found to be the proper amount to 
rep-t highwayq.town &tea and fallow lands. In New Jereey, 
foreat areae are measured by actual survey. It will be noted that the 
range of forested area is from 7 to 88 per cent. of the whole 
catchment. 

We may now turn to mme facte which are matters of general? 
obeervation, and eee how them eupport thie conclueion. I f  foreab 
require ao much lea water than cultivated areas or gram lande it 
would seem to follow that they ehould be found flourishing where 
the rainfall ie too light to support other vegetation, but, taking the 
country as a whole, thie is by no means tme. I t  has been generally 
obeerved that, for a temperature of about 50 degreee, like that of our 
own State, foresta ceaae to b abundant when rainfall becomee leas. 
than 32 inches per annum, and practically disappear when the rain- 
fall beoomee as low ae 26 inchee. I t  hae also been obaerved that leae 
than 20 inches of rainfall ia acoompanied by an exclusively paetoral 
country, and that at 14 inches vegetation practically disappears. Thew 
facts do not eeem to indicate that foreeta thrive with lea moisture 
than other vegetation. I t  will aleo be noted that in both oases the 
diffemnce between abundant forest and no forest, or fair vegetation- 
and no vegetation, is 6 inchea of rainfall, and this 6 inchea of rainfall 
ie exactly the amount which we determined in our Water-Supply 
Report to be needed by vegetation alone on the Paasaic wster-shed,. 
where, during an average year, the rainfall ie 46 inches, and the 
total evaporation 22.7 inches, including the 6 inchea allowed for vege- 
tation. We also know that in 1881, a very dry year, whea the rain- 
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Sdl f01l to abont 32 inches in Northern New Jersey, the epring and 
~snmsper rtrinfall together amounting to 16.70, our foreste began to die on 
.the tope of the mountains, and again in 1894, the spring and eummer 
rainfall amounting to 16.67, the fore& turned brown over the High- 
lands and began to perieh. I n  Kaneaa the limit of abundant forest 
lie, au we have noted, at about 32 inches annual rainfall; and it 
.would appear, therefore, that our own foreate would begin to die out 
,if our rainfall should sink aa low aa thie limit; consequently, the evi- 
dence is that 32 inchee of rainfall annually ie neoeseary to eupport 
-healthful foreete at this temperature. This seems eufficient evidence 
,that there cannot be leee lose of water from forested areaa than from 
cultivated. 

We shall next invatigate the influenoe of foreeta upon the greatest 
doods and the lowest dry-wason flow of streams. We have prepared 
a table ehowing, in connedion with the percentage of forested area, 
the rate of greatekt and least flow for our own etreams and others in 
the Eastern United Stat-. Ae the greatest flow ie always at a leas 

. mate in proportion to the drainage area on large streams than on emall 

.BELATION OF FOBEST ABEA TO GREATEST AND LEAST BATE 

OF FLOW OF BTBEAMB. 

CATCHMENTS LESS THAN 200 SQUARE MILES. 

Flood flow in 
cu. ft. per sec- 

Catchments in Per cent. of ond per aq. 
square miles. area in forest, mile. 

........................ .Sudbury, Mlss 78 14 41.4 
....... Croton, West Branch, N. Y 20 66 64.4 

Oamapo, N. J ........................ 160 76 66.1 
Wanaque, N. J ...................... 101 75 48.9 
Pequannock, N. J .................. 85 78 52.7 
.Rockaway, N. J ...................... 119 82 40.7 

............... Musconetcong, N. J 166 39 12.8 
Musconetcong, N. J ............... 68 85 16.9 
.Paul in~ Kill, K. J..,.. .............. 176 27 23.0 
-Swartswood Lake, N. J ............ 16 23 66.8 
Pequest, N. J.. ....................... 168 18 12.6 
.Pequest, N. J.. ....................... 83 18 9.6 

....................... Pequest, N. J.. 35 18 18.7 
Pequest, N. J ......................... 2 ... 26.3 

-Tohickon, Pa ........................ 102 28 54.3 
Neshaminy, Pa 139 C 41.4 ..................... 
Perkiomen, Pa ....................... 162 25 34.9 

................... Xackepsack, N. J 116 60 .-... 

Lowest flow 
in eu. it. per 
w n d  per 
sq. mile. 
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Catchments in 
square miles. 

Concord, Maaa ....................... 361 
Charles, Mass ....................... 216 
Houeatonic, Ct ....................... 790 
Croton, N. Y ......................... 339 
Passaic, N. J ......................... 797 
Paeeaic, N. J ......................... 82% 
Raritan, N. J .......................... 879 
Great Egg Harbor, N. J. .......... 216 
Schuglkill, P a  ........................ 1,800 
Potomac, Md ......................... 920 
Qreenbrier, Va. ..................... 870 
Shenandoah, Va ..................... 770 
Neuw, N. C ........................... 1,000 

Per cent. of 
area in forest. 

Flood flow in 
cn. it. per net% 
ond per q. 

mile. 
12.3 

Lolrest flow 
in m. ft. per 
seoond per 
aq. mile. 

0.17 
0.20 
0.17 
0.16 
0.19. 
0.19 
0.14 
0.27 
0.17 
0.02 
0.12 
0.17 
0 19 

CATCHMENTS OVER 2,000 SQUARE MILES. 

Merrimack, Mass .................... 4,699 ... 20.9 0.31' 
Connecticut, Ct ...................... 10,23t 63 . 20.3 0.31 . 
Delaware, N. J ...................... 6,790 63 37.6 0.17 
Ohio, Pa ............................... 19,900 ... ...... 0.11 
Potomac, Va ......................... 4,640 52 22.2 0.08 
Kanawha, Va ......................... 8,900 ... 13.6 0.1 2 
Jameq Va ............................. 6,800 ... ...... 0.19 

ones, while the dry-season-flow ia uanally proportionately larger, it i~ 
improper to compare very large water-sheds with very small onee, 
therefore, we have grouped the streams according to the size of their 
drainage areas. Thie table shows the comparative violence of floods 
and lowness of dry-seaaon flow in the laat two columns. No relatiom 
ia apparent between the proportionate forest area and either the 
greatest or leaat flow, and it ia evident that these are both controlled 
by other conditions. I n  tbe caae of floods, the controlling influenoe 
ie topography, and in the case of dry-season flow it is the surface 
geology, that is, the character of the soil and sub-soil. A11 notes 
whioh we have of the severest floods show that they have oocnned in 
such exceptional conditions as warm rains falling on a heavy accumn- 
lation of snow, or from heavy rains on frozen ground, or, in summer 
exceptionally heavy rains on ground already saturated with water. 
It ought to be apparent that forests cannot effect suoh oonditions rre 
them to any great extent. 
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&he periods of very low water in the streams during droughts, and 
with thie increaaed capacity of the ground to absorb rain comes also 
lese frequent floods. The more water that ie drained out from the 
soil the more can be absorbed when the heavy rains come at the end 
of the droughts. Humus in the forest forms a great sponge, and of 
itself holds a large amount of water, while it and the inequalities 
-<rmeed by tree roots, &c., tend to prevent the water flowing over the 
surface, and the roots of the trees provide channels by which the 
water percolates into the sub-soil readily. I n  this way the forest will 
.easily absorb a larger amount of water than open lands. A high state 
.of cultivation also hae a tendency to increaee the capacity of the 
.ground to a h r b  water because of constant loosening of the s a r b  
.and the facilities provided for ready drainage. I n  thie way cultiva- 
tion, like foreate, tends to render floods lees frequent, but the effeat of 
.the drainage of the soil is that the ground water absorbed is fed out 
anore rapidly to the streams during the early month of a dry period 
than is the caee in foreats ; consequently, the ground water is sooner 
ahaneted, and the duration of the low atages of the rivere during 
protracted droughts is thereby lengthened. Barren water-eheds offer 
much lese capacity for absorption of rainfall. There ie no humne or 
.other matter on the snrface to retain the rain, and the ground becomes 
hard and mists free percolation. The difference between foreatad 
a d  deforested water-sheds is very well illustrated by the Paesaic and 
tbe Baritan respectively, while some of our small red sandstone' 
water-sheds are good types of barren country. We have, in the fol- 
lowing table, contracted these three types, the data being obtained 
from the Report on Water-Supply. Thie table .shows in inches of 
rainfall the amount of water which would flow off to the several 
atreams from their water-sheds for each month, during a drought of 
auch a character that all additions from rainfall, or depletions from 
evaporation, to the ground water are euspeuded, the water here ahom 
being entirely water of drainage. 
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YIELD OF BPBIXa8 ON VABIOUB TYPE8 OF WATEB-BHEDB 

DURIXQ DBOUQHT. 

IN TRCHgl OF BAlXiFALL. 
B8rit.q. 

M c .  TJrpe of 
Tlpe of forest blghly-ealnv~ted 

waterhed. water-shed. 

First ................................................. 1.16 
Second ............................................... .54 
Third ................................................. .40 
Fourth ............................................. .33 
Firth ................................................. 82 
Sixth ................................................ .31 
Eleventh ............................................. .30 
Eighth ............................................... .29 
Ninth ................................................ .28 - 

Total ........................................... 3.93 

TJpe of 
buren 

water-shed. 

.94 

.38 

.26 

.20 

.14 

.12 

.lo 
-08 
.07 

It will be obeerved that while the Raritan and the Pawsic show 
nearly the same total amount of drainage, the Baritan gives up this- 
water faeter in the early months, and, therefore, ita springe beoome 
sooner exhaueted and it runs lower toward the last of the drought. 
The barren ground, having absorbed much lees water, has lees flow 
from springe throughout. How important this ia upon the dry- 
eeaeon flow of thae  streams beoomes apparent from the following 
table : 

FLOW I N  QALLONB DAILY PEB SQUARE MILE DUBINQ THE LAET' 

EIGHT MONTHS OF THE DBIEST YEAB (1881). 

Passaic. 
Forested. 

April ............................................. 597,000 
May .............................................. 297,000 
June ............................................ 272,000 
July ............................................. 207,000 
August ......................................... 140,000 
Beptember ...................................... 139,000 
October ........................................ 129,000 
November ...................................... 127,000 

Barren 
water-sbeds.. 

631,000 
146,OW 
139,000 
22,m 
22,000 
23,000 
22,00@ 
23,00@ 

The conditions here shown are believed to be illuetrative of the 
effect of forests upon stream-flow, and the comparative effects of 
cultivation and barrenness. We have found it a rule that the 
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heavier f o r d  oatahmenta furnieh a eteadier flow, better ~n~tained 
during dry periodq and that while they are subjeot onoe in a great. 
while to aevere floode, nevertheleae~floode not-quite eo eevere are lees 
frequent than npon deforested aetohmenta not highly oultivated. 
Flood-flow, it mnst be remembered, however, i~ largely a matter of 
topography, and while floods are heavy and frequent upon the de- 
forested Raritan and Nesharniny, the eame ie true of the well-forested 
Ramapo and Pequannook, while they are extremely light npon the 
lightly-wooded Pequest. The eoonomic importance of the effeot we 
have noted liee in the greater valne of forested streams for water power, 
and the smaller atorage reservoire needed thereon to furniah a given 
daily supply of water to cities. Illustrative of thie, the ~ & i c  will. 
furnieh for 9 monthe of the year from 100 square miles of water- 
ahed, 46-home power on 10 feet fall, whereas the Raritan will furniah 
but 41 and the barren water-ahed 28-horae power. During the other 
3 months the P k c  will furnieh an average of 36, the Raritan 32 
and the barren water-shed 20-horse power. To collect 670,000 gal- 
lons daily per square mile of water-shed, we shall need storage 
reservoire of the following capacity : Paaaaic 84,000,000, Raritan 
110,000,000, and barren water-sheds 126,000,000 gallons. The 
difference in coat of collecting a supply at the above rate per square 
mile, therefore, upon the type of stream8 selected to represent the 
foreeted and npon those representing the barren conditions, would be 
about $8,400 per square mile. Both the Paesaic and Raritan exceed 
800 Equare miles in oatchment. For thie area the saving would be 
$6,720,000. 

Taking the =me area, we find the exce88 of water power on the 
forested stream would be for 100 feet fall, 1,360-horae power, the 
value of which, at a xental of $36 per home power per annum, would 
be $47,600, or the interest at 6 per cent. on $962,000. 

We do not advance these @urea ae exact measures of the value of' 
forests, but they may be taken ae indicative of the poesible financial 
lees which might m u l t  in stream-flow alone from deforesting such of 
our water-eheda ae are not adapted for cultivation. 

It will also be seen how amply thia effect of forest8 in increasing 
the stream-flow for 6 or 6 monthe during the latter part of a dry 
period jnstifiea popular opinion ae to a falling off of streams when 
the foreeta are cut off. Such effeot is very much more likely to im- 
preee itself npon the popular mind than an inoreaee of evaporation, 
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for thie would tend to dm- the total mn-off for the @.r without ( 
being very apparent to ordinay obmrvation. B e i  a muoh m o r e  1 

enduring &eat, it would also be more notioeable than any ohange in 
&he very greateat or v e q  leaat rate of dieoharge. 

Moat of the portion of the 8tate now in foreat ie not adapted to 
adtivation. I t  &odd remain in fore&, h o s e  it will in no other 1 

way yield revenue; h u m  it ie needed to maintain the equable flow 
s f  our streams, and b n a e  it rendere beantiful what would other- 
wiae be an uneightly wmte. Unleee the State is prepared to amme 
the ownerehip of foreat lands, the oontinued good oondition of the 
foreats can only be mured by instructing the ownere how they aan 1 
improve this oondition, and, at the game time, inorease their reve- 1 

nuee. I t  is especially important that our Highlands foreeta, for the 
hture  gathering-grounds for our city water-supply, &all oontinne to 
Ibe preserved and improved, as they undoubtedly have improved 
during the laet qoarter oentury. 

NEW JERSEY GEOLOGICAL SURVEY



 

NEW JERSEY GEOLOGICAL SURVEY



NEW JERSEY GEOLOGICAL SURVEY



REPORT ON FOREST FIRES FOR SEASON 
OF 1 8 9 ~  

BY JOHN QIFFOBD. 

Profecseor J. C. h o b ,  State Ueologist, fiedon, N. J.: 
The following ie mainly a report of progwes. A more detailed 

report, relating to forest ikw in South Jereey, to the " Plaina," an in- 
tereeting pitch-pine ooppice in Ocean and Burlington oountiea, forest 
planting along the a e d  and methods of fixing moving sand, and 
the cultivation of the white pine, white d a r  and other trees for 
finmoial profit, ie in preparation. Siice the preeentation of tbe pre- 
liminary report, relating, in a general way, to the forests of South 
Jersey, besides a reoonnaissanoe tour in the northwestern part of the 
State, the foreeta1 oonditions along the aeacoaat and tree planting on 
the beaches have been studied and facta relating to fore& firea in the 
southern interior have been oollected. The for&-!he question hse 
rwived special attention, with the hApe of ~uggeating a practical plan 
for the &king of this great evil. 

Unless tl$i wholesale destruotion of useful property is rednoed the 
ooaetal plain of New J e m y  will soon approach a oondition little 
better in appearanae than a desert, but, ae in England, owing to its 
almoat insular position, the general climate ie probably slightly 
affected by the destrudion of a foreat oover. Neverthelees ib  
removal will be, if not already, seriously felt in the irregularity of 
the water-flow and the exposition of aandy mila to the form of winds 
and raim and the mrohing rays of the sun, to aay nothing of the 
extinction of several industries directly and indirectly dependent 
upon the fore&. Never before, to the knowledge of the writer, 
owing to the extreme drought, have fires been more destructive than 
during the season which has just ended. In other years they have 
burned over larger are- of upland, but recently, for many daye, they 

(IN) 
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anaumed the humus and litter in the bop and awampe, the damp 
nem of which is nenally sufficient to atay their proqrees. 

Parte of the northern tmtion of the 8tate suffered rrleo from fir-. 
They are almoet ae frequent ad, indirectly, ae destructive on the Kit- 
tatinny and Bearfort mountains as in the eandy pine regions of the 
eouthern part of the State. The mil on theee mountaine is m thin 
and poor, if not wholly lacking, that trees have diffionlty in growing. 
The forest oover ie therefore light; the pit&-pine, with a ecrnbby 
undergrowth, predominating. 

There nre eigns of frequent h on the Green Pond, Bowling 
Green and Copperaa monntaina I n  fact, throughout the whole of 
the wooded part of the northwestern eeotion of the 8tate fuea are not 
infrequent during dry times. They are due both to c a r e l ~ ~ ~ n e m  and 
rnalioiowness. ' It ie claimed that many are set carelemly by huntere, 
and by wood thieves in order to destroy the etump and branchee, 
qwhioh are evidences of their miechief. 

The mountains of Northern New Jereey are juetly noted for their 
h u t y .  The revenue from tonriats alone soon amounts to as muoh 
aa the woods are worth. Foresta are probably of as much peanniary 
value in adding to the attraotiveness of these regions ae in their yield 
of timber. The aame ia m of the pine regione in the eouthern part 
of the State, which, in their premnt condition, tend to repel rather 
khan attract the touriat. 

Owing to the extreme drynew, however, firm have ooonrred almost 
everywhere. On the slopee of the Watohung mountain, and even in 
wood lob in almoet deforested area8 in Central New Jereey, fences 
and mope along railroads were d&yed, rendering it peoessary to 
furrow the ground for the protection of farme. 

To obtain accurate information on this subject, blanks were pre- 
#pared and men were paid to visit firm and prepare a delacription 
explaining how, when and where they started, how long they burned, 
the areae devastated, the nature of the timber, and the efforb to 
snbdue them. 

Owing to the frequency of fires throughout the State it waa im- 
poesible to obtain a record of everyone, so an area of land embraoing 
Atlantic, part of Burlington and Ooean counties was selected, since 
this region hae been exposed to the ravagea of fire for many yea?. 
A map showing the area burnt over ie in preparation. 

On the average, fira are more frequent in Atlantic and Cape May 
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counties. This ie, probably, mainly due to the faota that the forest 
area ie large and cont.inuous, and the region ia traversed by several 
railroads over which many trains paaa in the oourse of a day in sum- 
mer, in transporting large numbers of people to the seashore. One 
of these railroads hae taken very few precautions, and, judging from 
the way sparks are showered into the air, it is indeed a wonder that 
any combustible property is left along it8 line. 

I n  Ooean county fires did little damage this year. This ie due 
mainly to the fact that, after the severe fires of the season of 1894, 
there ia little combustible matter left to burn on thousands of aores 
in the region of the plains and southward to the Mullica river. 

Fires burned aa follows in the pine lands of Ooean, Atlantic and 
Burlington counties : 

1. March 18th, 1896.-Laated two d a p ;  set by spark from looo- 
motive ; medium-sized pine and small oak ; pine' slightly damaged, 
.oak killed ; 100 scree ; near Dacosta. 

2. March 20th, 1896.-Laeted one day; aet careleesly by a tramp; 
-small oak ; aerionsly damaged ; 60 acres ; near Walker's Forge. 

3. March 22d, 1896.-Lasted two and a half days; cause not 
known; medium-sized pine and oek; 3,000 acrea; between Harrie- 
ville and Green Bank ; loes in timber estimated at $8,000. 

4. March 26th, 1896.-Lasted five days; set by spark from 1000- 
motive ; damaged 2,400 acres of oak and pine timber ; lose estimated 
a t  about $2,000 ; near Estelle Station. 

6. March 28th, 1896.-Laeted three days ; incendiary ; pine and 
aak timber ; badly damaged ; 2,000 acree ; near Washington Tavern. 

6. March 29th, 1896.-Laated one-half day; spark from loco- 
.motive ; slightly damaged 60 acres of pine and oak timber ; near Egg 
=arbor City. 

7. Msrch 31st, 1896.-Lasted one day ; haymen were burning salt 
meadow, which is customary at this time of the year, and the wind 
suddenly shifted, and they were unable to keep the fire out of the 
neighboring woods ; it burned through %riscomTs Swamp, an inter- 
eeting and valuable hard-wood forest in the southernmost corner of 
Atlantic county ; i t  contained beeches, tulip treee, hollies, pines, white 
cedars, aasaafrae and some very fine swamp white oak, bilsted and 
willow oak; burned over 900 acres; damage estimated at about 
$3,000. 
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8. April l l th ,  1896.-Laeted one and onshalf days; set from at 
borning brush-heap; 6@0 a m ;  oak and pine; badly damaged ; near 
Eetelle. 

9. April l l th,  1896.-Laated one-half day; epark from 1- 
motive; 100 acres ; near Elwood ; timber of little value, having beem 
burnt over many timee before. 

10. April 17th, 1896.-Lasted onehalf dsy; spark from loco- 
motive; 300 acres; small oak ; on Weymouth trad. 

11. April 18th, 1896.-A succeasion of fires for eix days ; s p a r h  
from loaomotives ; near Elwood ; 3,000 acres; medium-sized oak and 
pine ; badly damaged. 

12. April lath, 1896.-One day; spark from locomotive; 1,OW 
acres; small pine and oak ; oak killed ; three milee below Egg Harbor 
City. 

13. April lgth, 1896.-One day; spark from locomotive; 1,6W 
acres ; pine and oak ; oak killed ; near Egg Harbor City. 

14. April 19th, 1896.--Slight fire near Bulltown ; attributed to- 
d m e a e  with tobacco pipe. 

16. April 20th, 1896.-A slight fire near Pleasant Mills; at- 
tributed to careless smokers. 

16. April 21et, 1896.-I~asted five daya ; spark from locomotive (?); 
medium-sized oak and pine ; 16,000 acres ; near Tuckahoe. &veral 
honses were esved with diaculty, and $1 per acre ie a low eetimate o f  
the damage. 

17. April 2184 1896.-Lasted one day ; eupposed incendiary ; 
near Bakersville ; 700 acres ; medium-sized pine, with heavy growth 
of underbrush ; killed. 

18. April 21st, 1896.-Laeted one day ; cause not known, although 
rumor haa it that an intoxicated man wae near the fire when it etarted ;. 
near Newtonville ; killed small oak and pine on about 1,000 acres. 

19. May loth, 1896.-Two days; accidentally eet in deariog a 
safety strip around a cultivated cranberry bog; near Cedar Bridge;. 
burned over about 2,000 acres, part of which was in thrifty oak and 
pine from 3 to 10 inohes h diameter. The timber wae killed, and 
having little oommerchd value, owing to its dietanca from a railroad, 
will rot in the woode to broed h t a  or furnish fuel for future fires. ' 
I n  addition, about one acre of cranberry bog, $200 worth of fencing 
and a large prospective huckleberry and cranberry crop were 
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destroyed. It burnt over to the eaetern edge of the Weet plains, 
where i t  waa whipped cut without much difficulty. 

20. Auguet 6th, 1895.-hted one day; epack from locomotive; 
60 aoree of young oak and pine; near Doughty's Tavern. 

21. Auguet 9 4  1896.-Slight fire near Doughty's Tavern ; caueed 
by railroad ; promptly extinguiehed. 

21. August loth, 1896.-alight fire on Millville road ;,spark from 
lmmotive ; promptly extioguiehed. 

23. Auguet 14th' 1896.-Slight fire near Dacoeta; caused by 
epark from locomotive ; promptly extinguiehed. 

24. Augu~t 14th, 1896.-Blight fire near Elwood ; caused by epark 
from looomotive; extinguiehed by eection men. About this tima 
there were innumerable petty firm along railroads, moat of whioh 
were extinguished by the section men. 

26. Auguet 16th' 1896.-Laated one-half day; spark from locomo- 
tive; near Elwood; 300 scree; medium-sized pine and small oak; 
oak killed, pine slightly damaged. 

26. August 16th' 1896.-Lasted three daye; origin not known; 
near Brigantine Junotion ; 360 aoree ; pine and oak ; oak killed. 

27. Auguet 16th, 1896.-Lasted three daye ; epark from locomo- 
tive ; near Brigantine Junction ; 3,000 aoree ; medium-sized pinea, 
with thick undergrowth of young oak; very badly damaged; 100 
oorde of wood, out and ranked, were a h  destroyed. 

28. August 19th.-Laeted two daye ; spark from lmmotive; pine 
and oak of medium mze eeriouely damaged on about 600 aores. This 
fire ocoaeioned oonaiderable exoitement. A etrong wind ewept the 
fire at a rapid rate toward the town of Gravelly Run, which waa in 
jeopardy for some time. By baak-firing along a road, under the 
direction of an experienaed person, and by hard fighting the h o w  
were eaved. 

29. Auguet 19th, 1896.-Slight fire od Taylor's meadow prop 
erty, near May'e Landing; careleeely or purposely set; promptly 
extinguiehed. 

30. August 19th' 1896.-Laeted two days; spark from locomo- 
tive; three miles north of Pleaeantville ; 300 scree; low oaks and 
pinee. 

31. Auguet 19th, 1896.-Laated about twenty houra; incendiary 
wag oonvicted ; burnt over about 1,000 acres ; destroyed 60 w e e  of 
cranberry boge; one-half mile east of Jackson pond to head of 

11 
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Atsion meadows. Two smaller fim in the eame section were started 
previouely but were promptly extinguished. 

32. Augwt 224  1896.--Six hours; on Ateion road from Ham- 
monton ; widentally or purposely set by berry-piokere; fire was 
extinguished without much damage having been done. 

33. August 2:M, 1895.-Five hours; on Atsion road from Ham- 
monton; 300 acres; eet either amidentally or purposely by 
berry-pikers. 

34. August 23j, 1896.-Three and one-half days; near Buena 
Vista; spark from looomotive; 1,100 aoree of oak, pine, d a r  and 
maple ; said to be damaged $2 to the acre. 

35. August 24th, 1896.-Lasted one day ; set by spark from loco- 
motive; near Baena Vista; 600 aores; pine slightly injured; oak 
killed. . 

36. Auguet 26th, 1895.-Lpeted one and one-half days; spark from 
locomotive; near Egg Harbor City; 2,000 acres; pine, small oak 
and white cedar; killed; aome out lumber and mile on Senator 
Gardner's place, near Goose Pond, were burned. 

37. August 26th, 1895.-Lasted one day ; spark from locomotive ; 
started two milee below Folsom, near the swamp on Great Egg Har- 
bor river; deciduous swamp ; 100 scree; damage slight. 

38. September 4th, 1896.-Lasted ten day8 ; supposed to have bem 
carelessly set by oranberry pickere ; started at Crane Pond, not far 
from Carmantown ; 1,200 acres ; burned everything before it ; d a r  
swamp, pine woods and oak fit for cord-wood. I n  spite of two 
showers and constant watching, eeveral fires started in the meantime 
in the region very mysteriously. This fire did a very great deal of 
damage ; a large quantity of saw timber was oonsumed. 

39. September 4th, 1896.-Laeted one day ; started in an old field 
near Carmantown; entirely destroyed thrifty young pine and oak on 
about 300 a m ;  this fire wae oarelessly set by a feeble-minded man 
while burning brueh. 

40. September 12th, 1896.-hted twenty-aix days; started by 
party cleariog land ; they were burning turf and brueh and were un- 
able to control if ; near Green Bank ; although the timber was not 
very valuable, the greater part of it, on about 10,000 acres, waa 
killed; a few aorea of cultivated, and many acres of wild oranberries 
and huckleberries were eeriouely damaged. 

41. September 14th, 1895.-Lasted five days; escaped from a work- 
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man while burning bmsh ; near Bakeraville ; 4,000 acres, covered with 
timber fit for market wood ; completely ruined ; 60 acres of cranberry 
bogs were burned, deetroying the entire crop. 

42. September 14th, 1896.-Lasted one day; set by a feeble- 
minded person while lighting his pipe; consisted of oak fit for cord- 
wood ; some white cedar and pine fit for aaw timber, and several acres 
o f  cranberry and huckleberry swamps ; killed everything *on about 
1,400 acres ; destroyed $600 worth of fencing and a stable ; a recently 
planted chestnut orchard and about 100 cords of wood, cut and ranked, 
were saved with a very great deal of difficulty; in many places the 
surface of the earth was burned clean, leaving nothing but stump 
holee to indicate that trees ever grew there. 

43. September lbth, 1896.--Slight damage; set by mistake near 
Weymouth in back-firing. 

44. September lbth, 1896.-Slight damage; near Bulltown ; set 
by care1e.w emokere. 

46. 8eptember 22d, 1895.-Lasted three days; set by Italiane 
accidentally while working in the woods near Weymouth; 2,000 
acres of cedar, pine and oak seriously damaged. A barn waa also 
destroyed. The village of Weymouth wae in jeopardy from the . 
dying sparks. 

46. September 27th, 1896.-Lsated two days; on the Atlantic 
cranberry bogs ; either carelessly or maliciously set by berry-pickers; 
1,200 aora of cranberry land destroyed, including gata, turf banks 
and about 6,600 bushels of berriee on the vines. Lose estimated by 
a competent pereon at $20,000. 

47. Oatober 4th, 1896.-One day; inoendiary; near Atsion; 600 
aorea of young timber destroyed. 

48. October 16th, 3896.-About ten days; set by epark from 
locomotive near McKee City. Thie fire waa held in check for some 
time by the section men. I t  was burning in such a way in the 
awamp land that they were unable to extinguish it. I t  swept over 
about 2,000 acres. I t  destroyed a very great deal of fine cedar 
fencing and a sawmill belongiog to Colonel John MoKee. I t  entered 
Gravelly Run cedar swamp and caueed a very great deal of destruc- 
tion, not only oonsuming some of the finest white cedar in the State 
.of New Jereey, but burned the corduroy roads which lead into the 
awamp. Old woodmen claim that they have never seen it equaled 
for havoc. Many treea from 10 to 18 inches in diameter, close 
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together, very straight and free from l i m b  36 feet from the ground, 
tumbled over in every direotion, forming large, impenetrable maeeee 
of oharred timber. 

During the aeaeon of 1894 the region of MoKee City snffered from 
a severe fire a e d  by a careless workman, and many yeare ago, it 
ie mid, the village wae oompletely destroyed by fire. 

49. Ootober 22d, 1896.--One day ; epark from looomotive ; about 
five milee eaet of Ataion ; moetly savanna land of little value. The. 
emall pinen on about 300 sores were killed. 

Beeidea them mentioned above there were many destructive fires in 
Cape May oounty, an account of which will be eent to you ae soon as- 
poesible. 

S W U Y .  

First fire occurred March 18th; last fire, October 22d. The forest fire seasom 
usually begine about the middle of March and ends about the last of October. 

There were forty-nine fir= in all. Several were burning at the same time, an& 
one lasted for twenty-six days. 

Many not mentioned in this report were promptly extinguished without doing 
damage ; others burned unhindered for mveral days, causing no end of destruction. 

There were 7 in March, 11 in April, 1 in May, none in June and July, 18 im 
August, 9 in Beptember and 3 in October. 

( Three caused by sparla from locomotives. 
1 One by a yreleaa tramp. 

March. 1 One, cause not known. 
i One, incendiary. 
1 One, escaped from haymen burning meadows. 

I Six caused by sparks from locomotives. 
One, careless workman burning brush. 

April. 4 Two, carelem smokers. 

I One, incendiary. 
One, cause not known. 

May. One, escaped while burning a safety strip in order to protect c ram 
{ berry bog from fire. 

Thirteen, eparke from locomotivee. 
' One, incendiary. 1 Three, carelsasly or purposely set by berrypickera 
i One, cause not known. 

( Two, carelemly set by feeble-minded persons. 
Three, careleesly set while burning brush. 
One, mt carels ly or maliciouly. I One, n by an Italian back-firing in the wrong ray. 

I One, set by careless smokers. 
1 One, set accidentally by Italians cooking in the woods 
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Octoba. { Two caused by s p a r b  from locomotives. . 
One, incendiary. 

Sparks from locomotives, 24. 
Maliciouely, 4. 
Accidentally and carelessly, 20. 

To this list, mainly to show the cansea of fires, one due to lightning 
may be added. Thia fire did no damage, however, sinoe the rain 
which soon followed extinguished it. 

I t  ie intereating to oompare this reoord with that of the whole 
State, prepared by Profeesor Cook, for the eeaeon of 1880. There 
were 64 firee in all; 28 were due to locomotives, 13 were caueed am- 
lesely and 7 were caueed through malioe. 

Of oonrse, it ie impoeeible to aay that a11 thee  fires were poeitively 
set in the ways mentioned above. I t  is a difficult matter to determine 
the causes of many firee, and no doubt many are of incendiary origin 
ofor whioh railroade and carelew individuals are blamed. 

Wherever railroads have taken ordinary precautions in the way of 
spark-arreetere, a cleared strip along both ddea of the road, with fur- 
rows along the edgcs, and by ordering their men to check all firee in 
&eir inoipienoy, the number and deetructiveneee of firea have been 
very materially reduced. 

The area devaetated by the fires recorded above, in Atlaptio oounty 
and a large part of Burlington and Ocean countiee, amounts to about 
60,000 aores. Including oranberry bogs and other property deetroyed, 
beaides the timber, the average lose per aore is placed at $10 by 
-several very competent land-ownere. I t  is, however, an impossibility 
,to estimate the damage. Thie much ia certain, however, that several 
hundred thousand dillarn worth of ueeful material wb consumed. 
I t  is a h  oertain that this destruction ia rapidly depopulating certain 
sections. 

Three fires, the causes of which are not at all known, seemed to 
dare up apon&eously. The oontenta of a pipe, a lighted i g a r  stump 
or a combustible gun wad ie probably acaouutable for the mischief. 

I n  a region of berrieg although perhaps a myetery at the time, it 
often becomes known later, that fires were aet to improve the berry 
-crop. An obaerver from Ocean oounty writes: "The natives are 
suepicioua of me, thinking that I will have them punished for starting 
a fire. Many of them think that fires improve their berry crops, and 
dike to see them burn." There is no mom for doubting that fires are 
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set in that' way ; in fact, ?me do not hesitate to acknowledge &ak 
they have eet fires for that purpose. When a land-owner refwee to l e t  
people pick wild berries on his property, firea are often started out of 
spite. 

Usually, owing to the dampneee of the swamp where the swamp- 
berry gram ( Vaaainium ooymbmm),  the lower parts of the bush are 
but slightly affected by fire. This plant often attain8 the size of a 
small tree, and a fire in pasoing, during moiet times, aauees little more 
than a severe trimming. During the paet -on, however, owing to 
the extreme drynem, the bushes were entirely killed. The deatruc- 
tion of the wild huckleberry and cranberry orop will be seriously 
felt next seaeon by the very persons who have been careless with fire 
heretofore. There are ~everal indications that people have set fire in 
times paat in order to get the job of helping to extinguieh it. F o r  

. yeare colliers fired'the woods so that they could buy the wood cheaply. 
The charcoal industry, although at one time a very important one, 
amounta to very little at preeent in b o t h  Jereey. I f  a man has n e  
money and is out of a job and knows that the owner of the land will. 
pay him for helping to extinguieh a fire, it ie a simple matter for him 
to make work for himself. This, it is claimed, baa occurred not very 
infrequently on large traote belonging'to well-to-do non-residents, 
Two very serious fires were set in Atlantio county by two feeble- 
minded pemns. They are hardly fit for an asylom, yet not altogether 
responsible for what they do. Incendiary firea are usually the moat 
destructive, and there is no way in which the cauee can be better 
nerved than in the conviction and imprisonment of malicious and 
reckless fire-setters. Firee set by sparks from looomotives, although. 
frequent, are generally not ao serious for at leaat two reasons : T h e  
land along railrcmds haa been burnt over so many times that there i s  
little food for fire left, and section men usually endeavor to put out 
fires caused in that way. 

One man in Ocean county set fire to the woods accidentally while 
endeavoring to burn a aafety strip around hie bog. 8everal fires of a 
very serious nature were cauwd by burning brush in a carelese 
manner. 

The leading industry in the southern part of the State, the culti- 
vation of the cranberry, has been beriously crippled by fire. I t  is a 
constant menace to the bogs during the dry seaeon. Wide, cleared 
s t r ip  around bogs and storage reservoirs cannot be too strongly rea- 
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omrnended. The destruction of the forest oover has interfered with 
the regularity of the water-flow to such an extent that water is often 
lacking when moat needed. The cutting of cedar swamps, which are 
usually full of springs, has also seriou~ly affected the water flow. 
Several cranberry growere have surrounded their bogs with wide strips 
of cleared land, and conetrncted reeervoira in order to insure a supply 
of water in times of drought. 

The soil must be very dry and the fire unusually fierce to burn a 
swamp of white cedar. Although seldom completely destroyed, the 
cedars on the edges, at least, are usually killed. This can be very 
easily prevented by surrounding the swamps with a strip of cleared 
land. 

The hundreds of black bolea, which remain to rot in the woods after 
a fire, in former years were used for the manufacture of charcoal. 
They are not only ample warnings to capitaliats and an obstruction to 
new growtb, but form a nidus for the propagation of pestiferous in- 
seots. Many pines have been killed this eeaeon by the pinsbeetles 
(mainly Dcndroctonw terebrane). The followiog ia quoted from The 
Foreater, a treatise on forestry by Brown and Nisbet : 

"All dead branches and the d6brh of thinning8 should, in all cases, 
be removed from woods and plantations, and should not, under any 
pretext, be allowed to lie upon the ground for any length of time 
after they are cut off from the fallen trew. I n  plantations, fallen 
branchee and the remains of a course of thinning are often left 
lying to rot upon the ground without any attention being paid to gath- 
ering them up or burning them. Buch a system cannot be too much 
condemned, as it is not only opposed to good management, but such 
dead and decaying branches are also just the breeding places where 
most of the dangerous insect enemies of forest trees are generated. By 
removing theae branches, and either burning them or converting them 
into faggota for firewood, a great benefit to the plantation will be the 
result. In  thus keeping all plantations free from small material of 
this kind, it will be found that they will not be liable to be infested 
with iajurious insects. The after-health of the growing crop will 
fully compensate for any expense that may be incurred in the opera- 
tion of clearing and destroying the branches, even although the latter 
can be put to no profitable use. All forestem, therefore, who wish to 
have the woods under their cbarge in a good state of health and ae 
free from the ravages of insects a9 possible, should use every possible 
means to have all small poles, branches and brushwood cleared away 
aa soon after thinning as powible." 
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Thie d o a  not refer to the living underbrush. The decaying leaves 
on the surface and living underwood are essential. The main i ~ j q  
cauaed by a ground fire is the destruotion of thie eurface awering, 
which exposea the mil to the adion of the sun, wind and rain. After 
cutting, massee of decaying wood remain on tbe ground. Every 
woodland owner, after cntting, ought to be prevailed upon to destroy 
this decaying material at once. This should be done under the direc- 
tion of an cffioer of the State, in case it is at a time when there is the 
slightest danger from fire. By leaving this material to rot on the 
ground, one pereon injure0 hie neighbore' properties in two ways: 
(1) Increasing the daager from fire and (2) by breeding insects which 
may infest the neighboring woods. 

Pereons living in small towns in forest districts, if not alrcady, 
will feel the effects of this destruction by fire, since woodland owners 
are justified in demanding a reduction in the amount of taxation. 

Muoh could be eaid of the work of fire in the swamps and bogs 
during the seaeon which has just ended. The swamp bottoms, 
through which many streamlets usually peroolate, became as dry as 
punk. I t  required but the slightest spark to ignite this maee of 
tinder. Many of thew fire8 burned elowly, one lasting for almoet 
four weeks in spite of a hard shower in the meantime. At night 
they smouldered. Both sand and water, with which to fight it, were 
lacking in the swamp, while beating with brush and shovels only in- 
o r e 4  its severity. I n  suoh places it is often newatmy to dig 
trenches through the swamp to stop ita progreee. The air was filled 
with dense clouds of smoke, on the particles of which, at night, the 
moisture of the atmcsphere congealed, causing it to float near the sur- 
face of the earth. During the month of August, in spite of the 
heat, even in the larger towns in South Jersey, it wae necessary to 
keep all windows and doors closed in order to keep out the smoke. 
Along the coast it occasioned a fog. I t  was not uncommon during 
the month of August to see smoke rising from four fires at once. 
These fires burned several feet under the surface, destroying in a short 
time the humus which has been many years in accumnlating. Good 
authorities claim that this covering of decayed vegetable matter forme 
at the rate of one foot in from one to four oenturies. 

Here and there throughout the woods there are shallow ponds with 
clnmpe of swamp huckleberry buehes and cranberry vines around 
their edges. During the drooght the water evaporated and the mud 
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a n  the bottom became so dry that the firea in paseing left nothing but 
white sand and aehes. 

In  many ewampe aoneisting mainly of deoiduous trees the parts of 
the treea above grounq were not burnt, but the roota were destroyed, 
killing the treee, of course, in consequence. Large numbere have 
fallen in every direation, forming large piles of dead wood. Othere 
are blown down by every wind. I n  eeveral places fallen timber hae 
obetructed public roade. Another dangeroue fire may etart at any 
time in thia maes of dbbrie. 

For aeveml milea it is impwible to find a green tree of any size. 
The ground ie covered with cbarred eticke and fallen tree trunke. 
Here and there a patch of pure white sand ie visible. I n  many places 
large atumpholee are the only indication8 tbat treea ever grew there. 
a t  ie difficult to imagine a more desolate spectacle. 

I t  requires no argument to convince every thoughtful person that 
the reckleee destruction of useful property is wasteful. The difficulty, 
however, is in eoggeating effective and inexpensive preventive meas- 
arcs. I t  ie evident to all that, in order to put an end to foreat fires, 
they must be prevented or ohecked in their incipiency rather than to 
loae time and money in fighting them after they have become for- 
,midable. I n  other words, the remedy is preventive and not curative. 
At preeent the main difficulty ia that a fire in the woods, in many 
m e s ,  receives no attention whatever until it becomes dangerous. The 
reason that woodland ownera have taken no precaution8 for the pre- 
vention of firea is mainly tbat they are willing to take the riek, ae 
great aa it ie, rather than expend money on their proprtiw. 
After the damage ie done they are, of course, etill less inclined to pay 
for the construction of fire lanes for the protection of property which 
is worth very little, and which will yield no revenue for several years. 
Every woodland owner knows the efficacy of the proper kind of fire 
lanes. 

I n  many region8 a fire ie left to itaelf until night, when it emouldere. 
I f  the owner of the property ia away and no one is left to care for it, 
&re may sweep over it, and the majority of people in the region will 
pay little attention to it until their own properties are endangered. 
Even if watched for years, at an unexpected moment an incendiary 
may etsrt a fire on your neighbor'e property, if not on your own, and 
not only your wood, but 60 years of watahing and fire fighting count 
for nothing. With no proteotion whatever, with a elight chance for 
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reimbnrsement, whioh ie meagre at beat, and with a tax rate which ie 
high in proportion to the yield of ordinary woodland, there is little 
wonder that many land-owners are disoouraged, and that forest p rop  
erty is paeeing into the hands of non-resident capitaliste, who are 
able to hold it with other objects in view than the growing of forests, 

I n  speaking of a m e r e  fire in the region of Weymouth, an ob- 
server says : 

" Muoh of the land burned over in this region during the past 
season was covered with a growth of from 25 to 50 years of age, 
whiob, with reat care and at great expense, had been preserved 
from fire all t f eae years. A liberal tax hae been id, and it ia only 
reaeo~able to expectt that the preeent ownera will 8" emand a reduction 
of aeeeeement, which will make a very perceptible diffefence in the 
local tax rate." 

I n  the majority of cases there is a lack of method in subduing a 
fire. There is a general indifference to fire for several daye; there 
are mistakes in fighting, reeulting from fear and lack of experience; 
there ia always a lack of organization a ~ d  judgment with volunteer 
fighters ; there is the frequent undoing of work already accomplished, 
because of the abeence of watchers after the flames have been con- 
trolled ; there is often discouragement, and one party of fighters may 
leave without informing the other party or parties ; there ie di5culty 
in arousing the people even when danger is imminent; there are 
many instances where fires are permitted to sweep by vantage points, 
suoh as roads or streams, through indifference or a lack of knowledge 
of the geography of the region ; and in baok-firing trouble is often 
aused when one man's property is eacrificed to save that of others, 
I n  spite of the smoke and heat it is remarkable, however, what one 
man can do, with nothing but a branch of a tree for a weapon, ilb 
"whipping" out fire. Many ground fires can be quite easily ex- 
tinguished in that way. An experienced woodman, with a bush for 
a weapon, can whip out fire as he walks along its edge. At other 
timea an army of men is powerlees to cheok its advances in any other 
way than by back-firing from a stream, road or other point of 
vantage. 

Mr. T. P. Price, of Tuckerton, speaks of the attempts to subdue 
the great fire which swept over a large part of Ocean and Burlington 
counties in 1894, in the following words : 
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l1 On Friday (July 13th, 1894) the fire raged aorm the oonnt ry. 1 
rode out into the woods to investigate. The main body of Barnes had 
swept by upon Stafford Forge and Manahasken, but the long flank 
was left, mile after mile of fire baokiog down toward Tuokerton. A 
northweat wind would, therefore, bring us instant and most alarmin 
peril. An attempt wan made to rally a fighting force, a harn e s d  
team going at evening into the village, the danger and opportunity . 
being both presented. The men acknowledged the truth of all tbat- 
was said, but firmly took the stand that they ought to be paid. 

"Are they not right? They do not own a foot of forest. T h e  
owners are capitslists living in New York, Philadelphia and other 
state0 and cities. Why should boatmen and laborers spend a night i n  
severe and dangerous toil without compensation, fighting fire for ab- 
sent owners? And again, Why should absent owners pay men to- 
fight fire when they go out, an undieciplined mob under imprompta 
leadership, and when it is often too late to save the property ? An6 
again, Who shall telegraph the owners and get them to act? 

" I f  anyone thinks townsbips can act, I reply, this fire burnt prop- 
erty in at least eight townsbips. For them to act an townships wouldc 
be a wasteful and confusing polic . I " If the State acte by means o large diitrictra, we shall have unity. 
This fire could have been put out a dozen t ime by a small State force, 
paid, ofioered, dieciplined and known to have authority.' The State- 
taxes foreat property and also the exposed towne. Does it not owe 
them protection? One cent per acre, annually, onder wise organi- 
zation ought to pay the cost. 

" But Tuckerton was not rid of her fire. Nature has encompassed 
her with bays and rivers, and a merciful Providence held the wind 
continuously in a quarter from the sea. Still the fire slowly incloed. 
her. 

"Alive to the folly of sitting still, another effort was determinedl 
upon. Knowing two good men who were willing to fight, it wae de- 
oided to go out with theee alone, if neceesary, but there were hopes. 
that the example would have inspiration. 80 it proved. We started 
one evening at six o'clock and by nine had fifteen or twenty men, 
Three or four milea of fire were subdued, and when we returned, 
wearied, at three o'clock in the morning, it was expected a fresh force 
would finish the arduous battle. But the freah men never came, and 
the mile of fire left burning within forty-ei ht hours undid the- d work accomplished. Another proof of the nee of organization. 

"Other dajs psae, and again one afternoon the smoke arises black and) 
near. I hasten forth, to find a Jew in the outskirts bas been seized 
with a panio and has set a fire nearer, hotter and more dangerous. 
than the one that frightened him. Tbe rew fire sweeps wildly before- 
the wind, whereas the old fire had to burn against the wind. 

"Fifty men eit looking on. Two thing8 are evident. One is that  
nine-tenths of the people are mere spectators, the other is that a 
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. d o n  gang eent by a railroad, being paid for their time, ex@ to 
work. Them men go into the line of fire, bat the task before ne is 
hopeleee unleee we acm find a strategio point from whioh to fight. 
Fortmately, it is found at laet, jnet in the niok of time, and by hard 
work and back-firing we gain the day. 

"This fire, eo narrowly brought under oontrol, ooght to have been 
. watohed, but with no eyetern who ia to do the watohig ? 

"In a few days there is peril again, with the enemy at still oloeer 
quartera. Two bodies of men go oat and begin by direot a~aault on 
each extremity of the fire. They are, perhaps, a mile apart. The 
thermometer in the woods is above a hundred degrees and the flames 
are like a furnace. The men lie down in and again from ex- 
haustion. There . no drinking water. % woods are a tangled 
.thioket of undergrowth and briars. No tidings come from one oom- 
pany of men to the other. No one knows whether the fight ie main- 
.tained eleewhere, or how large a body of fire remaim to oonquer. 
Discouragement appears. Then a volunteer of one oompny under- 
t a k e  to determine the situation. He finds two-thirds of the fire 
put out; the other oompany of men oompletely diecoaraged and on 
-their way home, and a pluoky worker fighting, single handed, id the 
middle of the line of fire, though ignorant of other helpers. 

''A knowledge of the situation oheera everyone, and all return to 
work with a will. Drinkin6 water ie brought by a team, and in a 
,brief s p  of time the battle 1s. over. Many leeeons appear, but they 
.sum u in this: There mnst be organization and it ie egpeoially 
.deairab P e to have good leaderehip." 

I n  just ench ways the majority of firea are fonght in South Jersey. 
I t  is as difficult to get good men as it is to put out the fire. Every- 
M y  who will go is taken to the fire; a few work but the majority 
.are spectators. Very often they forget to take drinking water. On 
-one oooaaion, during the seaeon whioh hae juet ended, the fightera had 
,whiskey and cnrckera in abundanoe bat no water. 

I n  order to prevent foreat firea there are three requiaitea : Cb-opera- 
.tion of the people, especially woodland owners, wide fire lime% and 
paid wardme. 

I t  is diffioult to properly adjust oommunal and individual intereats 
and rigbta. The coneervation of the foreat cover for the sake of the 
community is highly important. Firee are so degtmotive, wood so 
cheap, the time that invested oapital muet wait so long and the oom- 
munal spirit in thinly settled regions so weak that a great deal of 
persuasion is necessary in order to induae woodland owners to ohange 
&eir methods or spend one aent more than ia absolutely neoessary on 
their foreeta. 
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Neverthelam, thie ia the fimt and most important etep. h d -  
holdere may be divided into three olaeeee: The farmere with their 
wood lote, the apeonlatora in land who hold it temporarily, and t h e  
lumbermen and manufaotnrera. Unfortnnately a large part of the  
land in South Jereey ie in the hande of the eeoond olsee. The fimt 
and third claeeee are the moet important. Their oo-operation ia easen- 
tial. I n  order to gain their influence it ie neoeeaary to convince them 
that the reeklese deatruotion of foreeta ia in the end aa detrimental to. 
their intereata as to the welfare of the whole oommunity. To reapeot 
treee we must know trees. Intereat oan be aroused by inetitnting 
oonrses of leoturea throughout the State, by freely dietribnting litera- 
ture on the eubjeot, by introduoing it to a limited extent in publio in- 
etilutiona and by the appointment of a person or permne to furniab 
information on the subjwt to woodland owners. 

Foreetry aeeooiations, mme of whioh have been aided by the Statat. 
in whioh they are located, have already accompliehed a very great. 
deal iu thie line. I f  every permn interested in foreetry praatioea it. 
on hie or her own property it will have an appreciable effect. I f  a 
few comtrnd fire lanee around and through their propertiea othere. 
will m n  do likewise. I t  is gratifying to note that in the northern 
part of the State several persons are oontemplating putting their- 
foreete under foreat regulation. Mr. Theodore Havermeyer, on hie 
estate near Mahwah, has employed Mr. F. B. Meier aa forester. The 
work of thinning and planting ie well under way. I f  the owners o f  
large t w t a  in the southern part of the State would employ practical 
foreetere to direot the work of outting, attend to the regeneration of '  
depleted areaa and to the prevention of fire the problem would b e  
almoet mlved. 

One of the moet p d c a l  s t ep  toward the prevention of fire ie t h e  
conetruotion of fire lanes. The foreat covere each broad areas in 
South Jereey that a fire can travel many mila without meet- 
ing with oleared areaa of any extent. Even if a fire lane or cleared 
etrip ie not wide enough to atop the progrees of a fire, it ia alwaye o f  
value as a point of vantage in bmk-firing. General Elias Wright, 
of Atlantio City, describe0 a fire which oocurred during the month o f  
Ahril, a few years ago. I t  "jumped" the Mullioa river where it ia 
600 to 800 feet wide. By "jumping" is meant, of mum, that the  
eparke flew to euoh an extent that they ignited the wooda on the  
oppoeite side of the Iargeet river in South Jersey. For all ordinary 
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6raa a'etrip of cleared land 60 feet wide, if kept oleer from oom- 
bostible matter, wonld be very effdve.  I n  the case of ground firea, 
which do a great deal of damage and burn for several day0 without 
being noticed, a path through the woode, if the wind is not blowing, 
aften eervee to c h d  their progreee. 

Firea l a w  along railmade have proved very efficaoiow in South 
Jereey, eapeaially thoee which have been furrowed along their edges. 
By keeping ,these lanes h from combnetible matter .the moet pro- 
lifio eource of firea can be materially reduced. At preaent theee lanes 
are inentfioient, although the oompaniea usually dear about 40 feet on 
each aide from the middle of the traok. At certain times eparke are - 
thrown long distances. 

Railroads are eaaential even to the woodland owner. Hie wood 
wonld be worthleaa without a meane of transportation. There are 
many reasone why he ehodd co-operate with the railroad and dear 
and keep olean about 40 feet along the railroad. The leaving of a 
atrip of deoiduow treea between the lanes ia advocated by several. I t  
beautifies the oountry and sots a9 a sareen, preventing the eparks 
from flying over the outside lane. The expense of olearing en& a 
atrip wonld not be great. I f  epark atreatere are need, aehea depoeited 
lin placee eepecially prepared for the pnrpoae and double lanes oon- 
atructed, one by the railroad and the other by the land ownere, firee 
from looomotive aparke would be mnch lees freqnent. I n  Europe 
lthere am fewer firee caueed by railroa.de than any other cauw except 
lightning. Mr. B. E. Fernow, in epeaking of foreat firea in Europe, 
asye : "On the 6,000,000 aoree of foreet belonging to the Promian 
government, during the 10 years (1882-1891), 166 fim Oourred; 
96 were due to negligeme, 63 to ill will, 3 to lightning and 4 to 
locomotives." Seven years out of the 10 are without any record of 
fire due to the last oanse. Them 166 firea burned in all about 800 
acres. This was considered a heavy loee from fire. 

Pnblio wagon roade will aerve for fire lanee, if they are properly 
trimmed out and kept free from oombnetible material for at 1-t a 
diatsnoe of 26 feet from the middle of the road. The wider, of 
course, the better. It is not neaessary to cut down the large treee: 
They sewe to keep the road in order by ehading it, and a h  furnieh 
a ehelter from eun and wind. I n  their preeent condition fim not 
only eweep over them without mnch difficulty, ainm on many publio 
made the brneh is so dense on both aid- that there ia barely enough I 
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room for wagone to pass. Many fires are careleasly eet by people in 
pawing. A matah or cigar ie careleeely thrown from a wagon into 
the  graaa and leave along the edge, and a fire is caused in come- 
quenoe, without being noticed by the person who eet it. This fre- 
quently happens. Instead of acting as lanes for the prevention of 
the spread of fire, railroads and publio roads are the plactx where the 
largest number of fires start. Some have suggested that instead of 
employing several men to work at certain times on a road, that one 
man be given a piece of road to keep in order, not only busying him- 
.self with mending the small breaks before they become aerioug but 
by patrolling the road continually, watching for and extinguishing 
dices which may be carelessly eet, and by trimming the trees along its 
aidea and burning the combustible material at the proper time. I n  
that way what is now a souroe of danger may be turned into a lane 
.which will effwtually prevent the spread of fire. 

Many land-owners have been consulted on this subject, and the 
opinion ia almoet unanimous that the widening, olearing and furrow- 
ing the edgea of lanee along railroads, and the widening and clearing 
of certain publio r o d s  would be the moet practical, effioacious and 
inexpeneive step toward the prevention of firee. 

Even in well-regulated foreeta fires cannot be wholly prevented. 
Aa in towns and oitiea, however, by organization the damage can be 
reduced to a minimum. I t  is even poesible, in the course of time, to 
d a c e  the risk to such an extent that forest property may be made 
insurable. 

Forest wardens are, of course, indispensable. The preeence of an 
experienced person, with authority to act, is needed at every fire. 
Some one must have authority to say how, when and where to baok- 
,fire. &me one is needed to apprehend and bring to oourt persons 
guilty of inmdiarism, oriminal negligence and wood thieving. 
Some one is needed to superviee the burning of brush and to see that 
the l am relating to the woode, and everything that concerns the 
woods, are properly enforced. 

The following ia a letter in reference to forest fim, from Mr. B. E. 
Fernow, Chief of the Forestry Division : 
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U. 8. D E P A B T M . ~  OF AQBICULTUBE, 
D i v r e ~ o ~  o a  FOBEBT~Y, 

W A ~ H ~ Q ~ N ,  D. C., November 14th, 1896. 
Mr. John G i f r d ,  Maya Landing, N. J.: 

DUB SIB-The rinoiples upon whioh cffwtive foreet fire legis- 
lation can be eatablis 1 ed are well known and tested by experience im 
certain portions of our oountry. You will find them discuseed at 
greater length in the appended circular. Substantially these princi- 
plea were embodied in the legislation, which now exieta and is suc- 
ceeefully enforced in the State of New Yo*, enacted through the 
efforts of the late Senator Low, at whose request I drafted the bill. 
The aame waa copied, with modifications, to euit local oonditions by 
the States of Maine, Wisoonsin and Minnesota. Improvements, 
eapeoially in the methods of carrying out the law are, to be sure, 
quite v i b l e .  

Organization is the keynote of sucoese in dealing with the fire 
problem. We have recognized this in the cities and villages, where 
it was found that even the ooncentreted property interests did not 
afford protection without well-organized fire departments. Much 
more so k organized effort neceesary in the country, where property 
is leee concentrated and the single owner powerleee to protect him- 
self. I n  addition, the value of forest property being low per unit, 
although large in the aggregate, and ite safety of more moment to 
the community at large than to the single owner, he feels both leas 
capable and lees inolined to exercise the care and inour the expense of 
securing its protection. Espeaially is thk the oaee where, as in New 
Jeraey, large traots are held by abeentees. 

Fire legislation, no more than other oriminal legiehtion, executes 
iteelf, hence the first requisite is a responsible officer oharged with the 
enforcement of the law. Thk  duty might be oharged to one of the 
existing officers, but inasmuoh ae these have probably all the work 
they can attend to and aa the organization of a fire service and the 
enforoement of the law will at leaet at first require cloee attention, a 
speoial fire warden k preferable. The organization of the fire servioe 
again could be by volunteers or by increase of duties of existing 
offioers or by epeoially paid officers. At leaet in the leee populated, 
moat endangered mtions and during the dangerous aeaeon only the 
latter c l w  will be found effective. 

There is no ood reason why, therefore, in the northern hard wood 9 and agricultura region the fire guards may not be unpaid volunteers 
-beiog paid only when actulrlly employed in putting out fires--a 
system which has been euooesefully employed in some parts of 
Pennsylvania, while in the pineries of South Jereey the system of 
paid watchers should prevail. 

A small foroe, properly stationed and instructed, ready at any 
time to put out inc~pient firee could unqueetionably reduce the fire 
bug to insignificant size. Theae men should have sheriff's power to 
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arreet enspeoted inoendiariee and a h  to raise a poese for the purpose 
of fighting firee. To inorenee their effativenees a dietrioting of the 
area they are to watch by roads or in the abeenoe of these by fire 
strip, whioh might be burnt over in early spriog, thus confining the 
danger npon smaller areas, ie advisable. 

The first ohjeotion-in fact almost the only seemingly valid one- 
would be ae to the expense; but when it is considered that notor- 
iously every year damage to the extent of eeveral hundred thousand 
dollars is done to property, not to count the damage to the common- 
wealth and the future in wasting fertility and taxable value of the 
soil, an expenee of $26,000 per year for such service, which would be 
more than ample, must appear insignificant and well spent. 

This expense should be levid on the forest ownera themselves 
aooording to their aoreage, a charge of one cent per acre sufficing to 
insure their protection. 

I hope you will be able to formulate legielation upon such princi- 
ples at3 here outlined fitting the particular condition of your State, 
and that your legislature will eee the prosperity of at leaat an honest 
attempt of blotting out the worst enemy of New Jersey's prosperity, 

, at leaet in the southern parts-the forest firee. 
Yours for rational treatment of our resoureee, 

B. E. FEBHOW, 
Chief of I)l'crision of Foreefry. 

The following is a part of a circular which is being distributed by 
the Division of Forestry: 

FIRE LEGISLATION. 

The moet harmful avoidable waete oomes from loeees by fire. Not 
only are enormous quantitiea of timber killed or deteriorated in value 
by the annual oonflagrations, but by the burning of leaf mould and 
eeedlinge the ground is made barren and given over to inferior vegeta- 
tion and sorube, and desirable reforestation is prevented. I t  wonld be 
in the interest both of lumbermen and of communities to stop thin 
waete. This ciroular, therefore, appeals to lumbermen not only to en- 
join npon their workmen the necessity of a more careful use of fire, 
but also to be instrumental, eepecially by aseoaiated effort, in bringing 
about the enaotment and enforcement of proper fire legielation. There 
ie no reason why foreet property'should not be as well pro- by 
the oommunity ae any other property, and proteotion will be afforded 
if the owners insist upon it. 

Following ie the draft of a bill which oan be applied, mwe or lee6 
12 
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modified acoording to oircumstancee, in every State, ite main featurea 
having been drawn from the law enaoted for the State of Maine in 
1891, and thew sncmafnlly applied. The writer would lay special 
stress upon the neceeeity of intrusting the enforcement of the law to 
an officer specially charged with and responeible for it. I n  several 
States fire legislation is in existenoe which is eatisfaotory, exoept that 
it hoke the proper machinery to enforoe ita application. 

The principlee moat needful to keep in view when formulating legie- 
lation for protection agaio!t forest fires are- 

(1) No legislation is e5eotive nnlew well organized machinery for 
ite enforcement is provided. The damage done by fomt  fir- ex- 
tending in many oaaea far beyond immediate private and permnal loss, 
the State muat be repmented in suoh organization. 

(2) Responsibility for the -execution of the law muet be olearly de- 
fined and must ultimately m t  upon one person, and every facility for 
ready prosecution of offenders must be at the command of the reepon- 
aible officer. 

(3) None but paid offioiale can be expected to do effioient eerviw, 
and financial responsibility in all directions must be recognized as 
alone productive of care in the performance of dutiee ae well ae irr 
obedienoe to regulations. I n  the case of oorporatio~ the officera most 
direotly responsible for any damage, ae well as the corporation itaelf, 
muet be amenable to law. 

(4) h g n i t i o n  of oommon interest in the proteation of property 
can be eetabliehed only by the oreation of finanoial liability on the 
part of the community and all its members. 

AN ACT FOR T H E  PROTECTION OF FOREBT 
PROPERTY. 

Section 1. Creates a foreat commissioner, whose offioe may be either 
an enlargement of some existing o&oe or, muoh better, a separate one, 
with adequate oompensation in either oaee, to be appointed by and re- 
porting directly to the governor. 

8ec. 2. Preaoribee the duties of the fomt  oommiseioner, namely, to 
organize, euperviae and be responsible under the provisions of this 
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ad for the protection of for& property in the State against fire. In  
addition, he ia to oolled etatietics and other information regarding the 
f o r d  rveas in the State, and the wmmeroe of wood and allied inter- 
&, espedly euoh information aa will explain the distribution, value, 
ad i t i on  and ownerehip of the woodland. Thie information and the 
reealte of the operation of thie aot, together with anggeetiona for 
further legislative action, to be embodied in annual reporta. 

8ec. 3. Provides for the giving of a bond by the fomt oommis- 
ioner for the fdthful performance of hie dntia, and fixes fina for 
enoh negled in performing the duties of the office a8 may be proven, 
and explaine the manner of impoeing and oolleding such fina. 

ORQANIZATIOLP OF FIRE BEBVICE. 

Sec. 4. Conetitutee the deotmen of towna,br the eheriff 'e deputies, 
anetablee, euperviaom, or eimilar officere, as fire wardens. I f  pre- 
f e d ,  epeoial fire oommieeionere may be appointed by the forest 
aommimioner, with the advioe of oounty oommieeionere, or both 
method0 of providing iire wardene may be employed together. The 
t o m  are to be divided into fire diatricts, the number and boundaria 
to  be governed by the exigencies in each awe, and each distriot to be 
.under the oharge and overeight of one dietriot fire warden,. One of 
them ehould be deeignated as town fire warden, to take oommand in 
caee of large oonflagrations. The town fire warden, and at least 60 
per cent. of the dietriot fire wardene, should be property ownere in the 
county, unleee a enffioient number of enoh cannot be found or a oon- 
aidetable number refnee to eerve. A deaoription of each dietriot and 
the name of the fire warden thereof are togbe reoorded with the forest 
commieaioner and the town clerk or mmilar offioer. 

Sec. 6. Provides for employment of epeaial fire pabole in anorgan- 
i d  p h  in any oounty and during h g e n , ~ ~ ~ )  muons, eqmially in 
lumbering dietriota, and for moperation of fomt ownem. Wherever 
anorganid plaoee exiet in a county or eo fir dietant from eettlementa 
aa to make dimvery of fires and epeedy arrival of regular fire 
d e m  impoeaiblg or wherever for& ownere whom property ia 
apemially endangered require, the fomt commieeioner may annually 
appoint epecial fire patrole to be paid at daily rates, the owner paying 
ane-half the expenee and the State the other half, mah patrols to be 
ander the regulatiom of thie law, and to report to the negl.eet fire 
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d e n a .  The manner of appointment and the matter of oompema- 
tion and duties are to be formulated by the forest commimioner. 

8ec. 6. Defiuea the powers and duties of fire wardens; to take 
merwves neoessary for-the oontrol and extinction of fires; to poet. 
wticee of regulations provided in this law and fnrnished by the for& 
commimioner ; to mmtain the c a m  of fim and prepare evidenoe in 
caee of suits ; to report each fire at onoe to the forest oommimioner on 
blanb fnmiehed, giving area burned over, damage, owner, probable 
origin, meaeares adopted, and ooet of extinguishing ; to have authority 
to call upon any pereone in their dietrict for aeeistance, snah pereone 
to receive oompeneation, ae determined by the selectmen or oounty 
commissionere, at the rate of not to exoeed 16 centa per hour, an& 
to be paid by the town or oounty upon oertifimtion by the foreat- 
oommieaioner. 

Persons refwing, whem not exmeed, to aeaiet, or to oomply with 
ordem shall forfeit the sum of $10, the same to be recovered in an 
action'for del~t in the name and to the use of the town or oounty, o r  
for the fire pro&on fund. 

Fire wardens ahall be paid $10 a year ae a retainer, beaidea daye' 
wages at the seme rat- ae aheriffs or similar officere for ae many daye 
aa they are aotually on duty, and shall be responeible for prompt ex- 
tinction of fires and be amenable to law for neglect of duty. The 
dietrict fire warden shall a l l  on the town fire warden in case of ina- 
bility to control fires, and the town fire warden shall have sheriff's 
power to enlist aeeistanoe, aa provided in case of a mob. 

FIRE *INDEMNITY FUND. 

8ec. 7. Provides for the creation of a fire indemnity fund, each 
oouoty to pay into the Btate treasury $1 for each acre burnt over eaoh 
year, the special fund ao constituted to be applied in the maintenance 
of the system provided by this act and for the payment of damagee 
to those whoee forest property has been burned witbout neglect on 
their own part or on that of their agentp. 

The burned are= ehall be ascertained by the county surveyor and 
shall be checked from the reports of fire wardens by the forest com- 
missioner. All fines collected under the provisions of this law shall 
also accrue to the fire fund. 
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JUBIL)DI(XION AND LEGAL BELIEDIES. 

8ec 8. Eetabliehea juriediction and legal proceedings in case of 
proeecution of inaendiariee and adjuetment of damagea, and impom 
apon every district judge the duty, in charging the grand juriea of 
hie district, to call special attention to the penal provisions of this aot 
and of any similar acta providing for offencee againat fomt  property. 

8ec. 9. Charges the foreat commisoioner to h u e  and publish, by 
poetere and otherwiee, reaeonable regulations regarding the nee of 
Grea, such regalatione to contain special consideration of camper8, 
huntere, lumbermen, eettlera, colliere, turpentine men, railroads, &a,, 
and to be approved by the governor. 

8ec. 10. Makea it a miedemeanor to disobey the poeted regulations 
~f the forest commieeioner, or to deatroy postere, or to originate firm 
by negled of the eame; providea that the prosecutioA shall be pre- 
#pared by the foreet commiesioner ; and impoeea finee and imprison- 
ment in addition to damages. Finea should be double the actual 
damages, one-half to go to the fire fund, one-half to the person 
damaged. 

8ec. 11. Mtrkee it a criminal act, subject to indictment, to willfully 
aet fires, and impoeee fine and imprisonment. 

Sec. 12. Any pereon whoee forest property is damaged by fire not 
-originated by hie own neglect, and who is able to prove neglect on the 
part of the fire warden, may call on the forest commissioner for 
award of damages, whereupon the forest commiaeioner, in conjunc- 
tion with the county authorities, ahall inveetigate the caee and shall 
refer hie findings to the judicial offioer of the district, who shall 
charge the grand jury to indict any offender against this act and 
adjudge any neglectful fire warden, or other officer, or any pereon re- 
fusing to act upon order of the fire warden. 

Any neglect on the part of the forest commissioner to investigate 
and find in eaah w e  within one year from the appeal of the owner 
shall be followed by dismissal, unless reasonable cause for failure be 
.shown. 

LIABILITY OF BAILBOADS. 

Sec. 13. Charges railroad companies to keep their right of way 
free from inflammable material by burning, under proper care, before 
er ta in  dates to be eetabliehed by the forest commissioner. Failure 
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to do eo upon notification by the commieeioner shall be followed by 
the arrest of the superintendent of the &ion, who shall be liable 
pnpnmuj& to procednre under Swtion 10. 

8ec. 14. Provides for the use of spark arrestem, failure to comply 
with thie provieion to be followed by arreat of the superintendent o r  
other officer in charge of the motive power and by p r d a r e  under 
8ection 10. 

8ec. 15. Firea originating from the tracks of a railroad company 
shall be pima f& evidence of neglect on the part of the company, 
and the engineer and fireman shall be liable to arrest and procedure 
under M i o n  10. 

&c. 16. I n  all cases where a fire originatea through neglect of si 
railroad company or its agenta, both the compnny and its officere ebal) 
be liable for damage. under the provisions of Section 12. 

8ec. 17. Establish& special liabilities for damage by fires in case 
of railroads under construction. 

F I R E  INSURANCE A N D  STOCK LAWS. 

Sec. 18. Providea for the incorporation of foreat fire insurance com- 
panies. I n  Statea where cattle are allowed to roam provisions to stop 
thb practice. should be enacted. 

FURTHER DUTIE8 OF FOREBT COMMISSIONEBB. 

8ec. 19. Defines minor dutiee of forest commiseionere, namely, to 
co-operate with superintendents of schools and other eduoational in- 
sti'tutiona in awakening an inkreet in behalf of forestry and rational 
foreat ow.. 

Sec. 20. Provides for ~alary and other expensea of the offioe of 
forest commieeioner, which should be liberal in proportion to the 
reeponsibility of the office. 

8ec. 21. Repeals all acts and parts of acts inconsistent with pro- 
visions of this act. 
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BY QIFFOBD PINCHOT. 

The following notee have been gathered during a very haBC) survey 
of certain of the foreet areae of New Jereey, and they should in 
strictness be taken to apply only to thoee places which I viaited. 
Consultation with others, however, whoee acqaaintance with the sur- 
face of the State ie far more detailed than mine, and whoee obeervation 
of the uniform character of each of its two foreat diviaiona confirms 
my own, has convioced me that the conclmiona I have reached are ap- 
plicable, eo far as they go, to the whole area of the 8tate. 

These notes consider the foreat altogether from the forester's point 
of view. That is to eay, this queation has been asked with reference 
to each piece of woodland examined, assuming that its proper function 
is to produce forest and not agricultural crop : How can the forest be 
made to yield permaneotly the largeet possible contribution to its 
owner and to the commonwealth ? I n  other words, What ia the best 
eyetern of management for the foreat in view of the particular sur- 
roundings in which it is placed ? The answer muat vary widely in 
ita details, following the v e y  diverse character and circumstances of 
different pieces of foreat. Longer and more careful study iaoften re- 
quired to frame a eatisfactory reply to this queation for a single for- 
eat than could be given to the present rough eurvey of the whole 
State. Consequently no attempt ia made in thia paper to do more 
than bring together a few of the more obvious facts, and then to for- 
mulate in brief some of the general requirements which they indicate. 

The foreats of the State of New Jereey msy be divided into two 
clwea, separated from each other by the well-known line running 
nearly north-eaet and eouth-weet through the State between Salem on 
the Delaware and Long Branch on the wnet. North and weet of this 
line the forest is composed of deciduous t rm,  mainly the Chestnut and 
several Oaks, and practically the whole area is sprout land. That ie to 
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say, the great majority of the treea of this region have not grown from 
wed, but are shoota or sprouta from old stump. The tmhnical term 
for such fomt  ie coppice. 

Hitherto it haa been the general custom, which still obtaine wherever 
the fall of prima hae not interfered, to cut these coppice woods clean 
ae soon aa they were ripe for hoep-poles, cord-wood, ties, charcoal, 
rails, or mine timber, as the aaee might be. The average age of cutting 
in the localities I viaited ie probably not far from thirty years. After 
the trees have been cut the old stump sprout again, and the sprouta 
form the m a t e d  of the new crop. I f  we suppose that the stumps 
are b u l y l  k t  apart each way, by no means an excessive eetimate in 
this case, ~t appear8 at onoe that several yeara must elapse before the 
new sprouts spread snffioiently to shade the ground. During this 
time the covering of vegetable mould is dried up and diaeipated by 
the sun and wind, and the ground becomes more or leas thiokly covered 
with gram. Heavy lower branches formed on the young treea in 
early youth live on for yeara during the comparative isolation of the 
individuals, and when they are finally killed by the shade of the 
upper branches they are m large that their rotting stubs peraiat for 
years on the trunk, and in the end form dangerous centers of decay. 
The spaoe between the stumps is often more or less soantily oocupied 
by young seedlings soon after the cutting of the old wood, but the rate 
of growth of coppice shoots is so muoh faster in early yonth than that 
of ecedlings that it is comparatively seldom that one of the latter snc- 
ceeds in forcing itself into the upper story of growth. Before cutting, 
the shade of the old sprouta ie usually too dense to permit much ad- 
vance growth beneath them. Seedlings from this.eource, which would 
be better fitted to withstand the competition of the sprouts, are conse- 
quently rather acaroe. ha a result the esme stoois aerie for gen- 
eration after generation of sprouts. 

While I cannot yet speak with certainty on this point, I am in- 
clined to believe that a considerable part of the dieease so common 
in the older coppice woods is due to this lack of new blood. 

Another unfortunate result of the small number of stools is the 
very irregular distribution of the trees. There is probably a consid- 
erable loas from this ~13uroe, because the dominated trees, unevenly 
distributed and of uneven size, are often valueless for that very 
reason. I t  ie often not worth while to cut from year to year a few 
pol@ scattered here and there, whereas a regularly distributed crop of 
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thinnbga, each aa proper management eecnrea, would pay for itself 
ander the eame circumatanoee merely from the convenience and 
economy of handling it. And in addition there ia the marked im- 
provement of the remaining trees whioh ia the natural m o l t  of good 
thinning. 

The reasone against the present form of coppice foreet are, then, 
the deterioration of the mil, the ehorter life and greater liability to 
decay of the coppice ehoote aa compared with seedling trees, and the 
defecta in the trunk which ariee from the open condition of the. 
forest in early youth. On the other hand, from such information as 
I have been able to gather, I believe it probable that the relative 
scarcity of eaw timber, and the great aupply, limited demand, and 
consequent low price of the product of small hem, will be found on 
examination to furnieh a sound finanoial reaeon for allowing forest 
trees in northern New Jeraey to attain a greater age. 

I t  ia probable that one form of the group system, a method of 
.management which consiate in cutting a emall hole in the foreet and 
gradually extending it aa the uncovered area ia seeded by the eur- 
rounding trees, would be one of the kinds of treatment moet appli- 
.cable to theee foreeta for the production of large timber. More 
careful etudy ie rcqaired, however, before a definite opinion can be 
pronounoed upon this point. And in any event the preeent method, 
while it is not by any meana the beet attainable, still doe3 not reeult 
in the immediate deatruction of the foreet. I n  northern New Jer- 
.my the queetion ie not so much that of eaving the foreet, aiace that ie 
already being done to a very coneiderable extent, but of the proper 
treatment of it. Adequate fire protection muet here be the reault of 
proper foreat management. I n  southern New Jereey fire proteotion 
must come firet. 

Before paeeing on to coneider the forest south of the L m g  Branch- 
.&lem line it may not be out of place to mention three general mlea, 
of easy apprehension and application, which apply to all the hard- 
wood foreeta of New Jereey. Theae are, firet, never cut out under- 
brush unlees i t  ie actively interfering with the live crowne of the 
t r w  above i t ;  second, in thinning a forest, never allow light enough 
to reach the ground to produce a growth of grase; third, thin by the 
top only. Trea which do not interfere with each other in the crowne 
d o  not interfere at all. 

The woodlande elrat and south of the Long Branch-8alem line pre- 
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eent a totally different set of problems. Here the one vital and im- 
mediate question is the prevention of fires. Any attempt at the 
proper treatment of these foresta must depend altogether on the enc- 
d u l  elimination of this eonrce of danger. Once that is accom- 
plished, the prospect for produoing timber at a profit in southem 
New Jereey is perhape better than in the northern part of the State, 
at least aa rwpecte a certain olaee of lands. But in the absence of 
fire proteotion foreat management is hew imposeible. 

The forest in this part of the State waa originally composed of 
coniferous trees to the more or lese complete exolueion of broad-leaved 
speciee. Conifers are still distinctly the predominant trees of the 
region, but the action of fire has served to increaee the proportion of 
hardwoods to a very considerable degree. The Oaks and the Chestnuts, 
by which the Pines and Cedars are often succeeded, sprout freely from 
the stump, and therefore very often survive in spite of the deadening 
of the whole growth above ground by fire. The Pitch Pine also sprouts 
from the stump, but the shoots are slender and short-lived, and never 
a n d  in forming trees. Neither the 8hort-leaf Pine nor either of 
the Cedars comes up again from the old roots when the trunk of any 
individual is killed. 

The action of fire is three.fold. I t  burns up the accumulation of 
vegetable matter on the ground, which is the manure of the forest, 
weakens or kills the trees themselves, and exerts a powerful influence 
on the composition of the succeediug crop. I n  all three of these direc- 
tions its influence in southern New Jersey is for harm. So eerioua and 
eo insidious is the damage done when a forest-covered swamp witb 
peaty soil takea fire, that I saw in November near Weymoutb, in At- 
lantic county, a piece of swamp with the fore4 on it completely dead, 
and yet with no trace of fire visible anywhere for more than a fmb 
above the ground. Already the treea had begun to fall before the 
wind. By the end of the winter it is likely that not a standing tree 
will be left upon this area, which is now, to the oasual glance, a pros- 
perous bit of woodland. The fire which did this damage occurred iw 
September and October of this year and burned for six weeks. 

Effective measnrea against fire in southern New Jerrey must consist 
in the construction of fire lines and the dieeemination of knowledge 
about them. The scheme outlined by Mr. John Gifford in his paper 
on the foreat conditions of swthern New Jersey in the report of the 
Geological Survey for 1894 goes to the root of the matter at once 
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when it pro- that all pnblio d e  ehould be converted into fire 
lines 

The outting and xnainkmmx of n#de or fire-lines on the sandy eoil 
' of thii part of the Btrte will be a mattar of comparatively small ex- 

penae. To elear an area on eaah side of the public roade, many of 
whioh are mere wheel trsoke through the woods, eo that the barrier 
to fire would range in width from 40 to 60 feet aooording to the 
height and density of the growth on eaoh side, would reduce the 
danger from this source to a marked degree. Suoh fire-paths not 
only serve to oheok the fire in themeelvea, but they afford invaluable 
linea of defence from whioh to start back-firea and otherwiss to mis t  
its progrem. I t  8eeme evident that the effediveneaa of fire-lines 
combined with moderate watohfulneaa is not adequately realized. 
The eame fire problem, under not legs di5cult conditions, haa been 
e u d u l l y  eolved in British India by means of them.* At first the  
general public opinion, then, aa here, waa that the firm could not be 
stopped, and that it waa uselees to attempt it. But now that the 
thing ha8 been done, the eentiment of the people, once indifferent o r  
even hoetile, is in hearty sympathy with fire protection and keenly 
aware of the benefite which they derive from it. 

An example, which is always the most effective way of teaching, 
would probably do more to bring the practicability and usefulness sf 
fire protection to the attention of the owners of woodlands in thie 
region than any number of oimulara or reports. Nevertheless, an& 
perhap also se a means to thia end, I believe that the extensive drcu- 
lation of a succinot statement of the damage fires are doing, the way- 
to Gght them, the construction, looation and mat of fire-lines (with 
diagrams), and the reaults of fire protection, would be exoeedingly 
useful. Such a statement wonld unquestionably influenoe the public 
mind, and as soon ae publio sentiment is sufficiently alive to compel 
effective and nnitsd action against fire on the part of the railroads, a. 
very large part of the battle will have been won. 

As eoon aa a reasonable degree of safety against fire has been 
secured south of the Long Branch-Salem line the question of forest 
management for profit will become important. The elements of suoces3 
in this direotion are present here, over considerable areas, to an nn- 
usual extent. White Cedar (Chammyparis thyokics, L.), one of the 
most valuable timber trees of eastern North America, grows rapidly, 

*Where not l e s  than 24,000 square miles of forest are successfully protected 
against fire every year at  a cost of less than $3 per Fquare mile. 
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abundantly, and with magnificent reproduction in the frequent swamp6 
a f  thie region. At preeent, eo great is the hwte to harveet what may 
eo easily be burnt, the White Cedar is usually cut in very early youth. 
At the only saw-mill I visited none of the " loge " on the skids were 
over'twelve inchee in diameter; the majority were not over eight 
inches, and very many were leee than four inchee in diameter at the 
large end ; a few were not over three. Yet these '' logs " had been cut 
at the surface of the ground, and the meaearea given include the root- 
ewelling in every case. 

The rate of growth of both White and Red Cedar (~mi~crzls oirgi- 
-am, L.) is far less rapid than that of the Pitch Pine (Pinw, rigida, 
Mill) and the Short-leaf Pine (Pinw, cohinata, Mill), locally known aa 
Yellow or Smooth-bark Pine. I have no ring meaenrementa for the 
White Cedar, but it appear8 from an examination of Red Cedar stump, 
posts, and poet timber grown on white sand on the shore of Great Egg 
Harbor below Mays Landing, that in similar situations this tree, in 
rather open foreet, may be expected to produce posts worth thirty-five 
.cents in about thirty yeare, and post8 worth aeventy-five oenta in forty 
to fifty yeare, on the basis of p m n t  prim. Theee price, I under- 
stand, correspond approximately to diameters on the stump of aix and 
ten inch= mpectively. The rate of growth of Pitch Pine, atanding 
free in the same locality was remarkably faet. Four treea were meas- 
ured, of which the leaet rapid in growth, twelve inches in diameter 
on the atump, had twenty-five annual rings, and the most rapid, 
eleven inchee in diameter, had eighteen annual ringe. 

After the fires have been checked it is very probable that planting 
.or sowing will be required to reforeat parts at least of the fire-barrens, 
and it is extremely fortunate that such valuable speciea as White Cedar, 
Red Cedar, Black Walnut, and the Short-leaf Pine are available for nee 
in thie hitherto remarkably unfortunate region. .Bat for the preeent 
the whole queetion of the treatment of these sandy lands, thinly 
mverd with a growth of small and scattered treee, mnst remain 
eeoondary to the pre-eminent need of proteotion against fire. Mean- 
while it ie  encouraging to believe that the task of re-eetabliahig the 
foreat when the firm are gone will be an easy one, at least eo far as 
the a m  which I have visited are concerned. That oertain valuable 
kinds of treee will grow rapidly and well on these deep, loom sands 
aeeme evident, and among these the two Cedars and one of the Pinee, 
whose abundant seed0 are distributed by birds and by the wind, are  
already on the ground. 
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The demand for the publications of the Survey is continuom and 
active, and eeveral of the reports are out of stock. So far se possible, 
requeets are granted by giving the reports to suoh requests. 

The alee of the topographio m a p  are slightly larger than in 1894, 
The amount realized by these ealee for the fiscal year ending October 
31st, 1896, was $400. 

I t  is the wish of the Board of Managera to complete, ae far as 
poseible, inwmplete eets of the publioations of the Survey, chiefly 
film of the Annual Reports, in public librariee, and librarians are 
urged to correspond with the State Geologist wncerning this matter. 

By the act of 1864 the Board of Managers of the Survey ie a 
board of publication with power to iasue and distribute the publica- 
tions aa they may be authorized. The Annual Repork of the State 
Geologist are printed-by order of the Legislature as a part of the 
lqislative documente. They are distributed largely by members of 
the two houses. Extra copies are eupplied to the Board of Managers 
of the Ge~logical Survey and the State Geologist, who distribute 
them to librariee and public institutions, and, aa far as poeeible, to any 
who may be intemted in the subjects of whioh they treat. 8everal 
of the reports, notably thoee of 1868, 1873, 1876, 1879, 1880 ind 
1881, are out of print and can no longer be supplied by the office. 
The firat volume of the Final Report, published in 1888, wag mostly 
dietributed during the following year, and the demand for it has been, 
far beyond the supply. The first and second parts of the second 
volume have also been distributed to the citizens and schools of the 
&ate, and to others interested in the particular suhjecta of which they 
treat. The third volume is now being distributed from the offioe o f  
the State Geologist. The appended list makes brief mention of all 
the publications of the present Survey since its inception in 1861, 
with a statement of editione that are now out of print. The pnblioa- 
tions of the Survey are, a9 usual, distributed without further expense 
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&an that of transportation, except in a single inatanoe of the map,  
where a fee to cover the coat of paper and printing ie charged ae 
stated. 

CATALOOIJE OF PUBLICATIONS. 

Q ~ L W Y  OF NEW JEBSEY, Newark, 1868. ~vo. ,  xx1v.+899 pp. Out of print. 
POBTFOLIO OF MA= accompanying the same, rs follows : 

1. Azoic and paleozoic formations, including the iron ore and limestone districts ; colored. 
W e ,  1 miles to an inch. 

2. Masdc formation, inaluding the red sandstone and t n p  ruck6 ot Central New Jersey; 
colored. &ale, 2 milw to an inch. 

3. Cretawun formation, including the greensarid mu1 beds ; colored. Scale, 2 miles to ur. 
3nch. 

4. Tertiary and recent formations of Southern New Jersey; colored. Bcale, 2 milen to an 
Inch. 

5. Map of a group of iron mines in M o d  county ; printed in two colon. Scale, 8 inches to 
1 mile. 

6. Map of the Ringwood iron minw ; printed in two colon. Scale, 8 incbea to 1 mile. 
7. Map of Oxford Frvnace iron-ore veins, colored. Scale, 8 inches to 1 mile. 
8. Map of the sine mines, Sussex county ; color&. Bcale, 8 inchw to 1 mile. 

A few copiea are undistributed. 
R ~ B T  oa TEE CLAY DIPOSITB of Woodbridge, South Amboy and other placw in New 

Jersey, together with their ases for are-brick, pottery, Qc. Trenton, 1878, Bvo., viii.+881 pp., 
with map, Out of print. 

A gsEunWrBY CATALWUP of the Flora of New Jersey, compiled by N. L. Bdtton, Ph.D. 
New Brunnwick, 1881. avo., xi. +238 pp. Out of print. 

FINAL REPORT OF THE STATE QEOLWIBT. Vol. I. Topography. Magnetism. Climate. 
Trenton, 1888, avo., xi. +U#) pp. Very ecuce. 

FINAL REPOST OF THE STATE G E O ~ I B T .  V01.11. P&l% I. Mineralogy. B0t.n~. Trenton, 
1889, mo., x.+642 pp. 

FINAL REPOST OF TEE STATE GEOLWIPJT. Vol. 11. Part 11. Zoology. Trenton, 1890, 8vo., 
x .+a  PP. 

REmRT ON WAT~S-SUPPLY, by Corneliun Clnrkson Vermeule. Vol. IIL of the Final Report 
of the State Qeologist. Trenton, 1894, avo., xvi.+l2 and gb pp. 

BRACHIOPODA MD LAXPLLIBBANCHIATA of the Raritan Clays and Qreeneand Marla of New 
Jersey, by Robert P. Whitfield. Trenton, 1888, quarto, pp. 888, p l a b  XXXV. and Map. 
(Paleontology, Vol. I.) 

QAETEEOPODA AND CEPHALOPODA of the asritan Clays and Qreemand Mads of New Jemey, 
by Robert P. Whitffeld. Trenton, 1892, quarto, pp. 402, plates L. (Paleontology, Vol. 11.) 

ATLU OF NEW JEBBEY. The complete work is made np of twenty shwtd, each 27 by 37 
inches, including margin, intended to fold once a m ,  making the leave# of the At- 18% 
by 27 inches. The location and number of each map are given below. Those from 1 to 17 are 
on the scale of 1 mUe to an inch. 
No. 1. Kitlatinny V a l l .  and Mountadn, frnm Hope to the Btate line. 
No, 2. South- Higliknda, with the southweat part of gittatinny valley. 
No. 3. W r d  H@hkands, including all of Morrfs county weat of Boonton, and Sussex muth 

and eaat of Newton. 
No. A. N- Hlghlande, including the country lying between Deckertown, Dover, 

Pateraon and Buffern. 
No. 6. Vidntry 4/ Ptrmtngtm, from Somerville and Princeton westwud to the Delaware. 
NO. 6. The Vdley d Lhc Paeeoie, with the country &ward to Newark and muthwud to the 

-tan river. 
NO. 7. The  nth 4/ Bergen, Hdson and, Emrz, with part# of P d c  and Union. 
No. 8. VIcttd& d Trenton, from New Brunswick to Bordentown. 
No. 9.. Monmoutn S h e ,  with the interior from Metuchen to Lakewood. 
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No. 10. VfcfnU# Q/ &Ian, fmm Swederboro and Bddgeton weatward to the Delaware. 
Jo.  ZI. VMnU# Q/ (;hm&n, to Burlington, Winalow. Elmer and Swedeaboro. 
No. 18. VMnf& of Mouf Ed&. From Bordentown muthward to Winalow and Woodmade. 
No. 13. VleinUy o j  Borngal  Bay, with the greater part of Ocean county. 
30. 14. rvicmu# Q/ BrMgdon, from Allowayltown and Vineland southward to the Delaware bay 

shore 
A'o. 15. Soouu*n, Inferlor, the country lylng between Ako. Nlllvllle and Egg Harbor City. 
No. 16. E9p Harbor and Vicinity, including the Atlantic shore fro111 Barnegat to Great Egg 

Harbor. 
iio. 17. ape Mou, wlth the country wertward to Maurice river. 
KO. 18. New Jcrrcy E W  Map. scale, 6 milm to an lnch. Geographic. 
30.10. New Jsruy  RdW Mop. Scale, b milm to the inch. Hypsometric. 
KO. to. New Jerwy Qwlo&ol Map. Scale. b mlles to the lnch. 

The mape comprising THE ATLBB OF NEW JEBSEY are sold at the 
coet of paper and printing, for the uniform price of 25 cents per eheet, 
either eingly or in lots. Payment, invariably in advance, should be 
made to Mr. Irving 8. Upson, assistant in charge of office, New 
Brunswiok, N. J., who r i l l  give all ordere prompt attention. 

I REPORT OF Puoressor QEORQE H. COOK upon the Geological 8 m e y  of New Jersey and its 
progrera dorlng the year 1868. Trenton, 1864, avo.. 18 pp. Out of print. 

I 

T a r  ANNUAL REPORT of Prof. Oeo. 8. Cook, state Geologist, to His Excellency Joel Parker, 

i Resfdent of the Board of Managers of the Oeological Survey of New Jersey, for the year 1864. 
Trenton, 1865, avo., 24 pp. Out of print. 

ANNUAL REPORT of Prof. Geo. H. Cook, State Geologist, to his Excellency Joel Parker. Presi- 
dent of the Board of Managers of the Geological: Survey of New Jersey, for the year 1865. 

I Trenton, 1866. ~vo. ,  12 pp. Out of print. 

ANNUAL REPOBT of Prof Geo. H. Cook, State Qeologist, on the Geological Survey for the year 
1866. Trenton, 1867, avo., 28 pp. Out of print. 

REPORT OF TEE STATE GEOLOGIST, Prof. Geo. E. Cook, for the year 1867. Trenton, 1868. Bvo., 
28 PP. Out of print. 

ANNUAL REPORT of the State Geologist of New Jersey for 1889. Trenton, 1870, 8vo., 57 pp., 
with m s p .  

ANNUAL REPORT of the State Ueologirt of New Jersey for 1870. New Bmnswick, 1871,8vo., 
75 pp., with maps I 

ANNUAL Rrmur of the State Geologlst of New Jersey for 1871. New Bmnswick, 1872, 8vo., 
46 pp., with maps. 

ANNUAL REPORT of the State Geologist of New Jersey for 1872. Trenton, 1872, Wo., 44 pp , 
with map. Out of print. 

ANNUAL REPORT of the State Geologist of New Jersey for 1878. Trenton, 1874,8vo., 128 pp., 
with map.  Out of print. 

ANNUAL REPOBT of the State Geologist of New Jersey for 1874. Trenton, 1874,8vo., 116 pp. 
Out of print. 

ANNUAL REPORT of the State Geologist of New Jersey for 1875. Trenton, 1875, avo, 41 pp., 
with map. 

ANNUAL REPOBT of the State Geologiet of New Jersey for 1876. Trenton, 1876, 8vo., 66 pp., 
with maps. Out of pdnt. 

ANNorL REPORT of the State Geologist of New Jersey for 1877. Trenton, 1877, 4~0.. 55 pp. 
Out of print. 

ANNUAL REPOBT of the State Qeologint of New Jersey for 1878. Trenton, 1878, avo., 181 pp., 
with map. Out of print. 

ANNUAL REPORT of the State Qeologiat of New Jersey for 1879. Trenton, 1879, ~vo., 199 pp., 
with map.  Out of print. 

NEW JERSEY GEOLOGICAL SURVEY



ANNUAL REPORT. 

ANNUAL REPORT of the Stnte Geologist of New Jersey for 1880. Trenton, 1880, avo, 220 pp., 
with map. Out of print- 

AXNUAL REPORT of the State Geologist of New Jersey for 1881. Trenton, 1881.8~0 ,87+107+ 
xiv. pp., with maps. Out of print. 

ANNUAL REPORT of the Btate Geologbt of New Jersey for 1892. Camden 1892. Eva., 191 pp., 
with m a p .  Out of print. 

ANXUAI. REPORT of the State Geologist of New Jersey for 1888. Camden. 1883, ~ v o . ,  188 pp. 

ANNUAL REPORT of the State Geologist of New Jersey for 1884. Trenton. 188L, Eva., 168 pp., 
with mapa. 

ANNUAL REPORT of the State Geologist of New Jersey for 188i. Trenton, 1885. Eva., 228 pp., 
with maps. 

ANNUAL REPORT of the State Geologist of New Jersey for 18%. Trenton, 1887, avo., 254 pp.. 
with maps. 

ANNUAL REPORT of the State Geologist of New Jersey for 1887. Trenton, 1887, 8vo.. 45 pp , 
with maps. 

ANNUAL REPORT of tho state Geologist of New Jersey for 1883. Camden, 1889, Eva., 87 pp., 
with map. 

ANNEAL REPORT of the State Qeologist of New Jersey for 1889. Camden, 1889. 8vo.. 112 pp. 

ANSUAL REPORT of the State Geologist of New Jersey for 1690. Trenton, 1891, bvo., SO5 pp., 
with maps. 

ANNUAL REPORT of the State Oeologiet of New Jersey for 1891. Trenton, 1892, Eva., xii.+270- 
pp ,with maps. 

ANNUAL REPORT of the State Geologist of Kew Jersey for 1892. Trenton, 1893, Evo., x.+S68 
pp., with map .  

ANKUAL REPORT of the State Geologist of New Jersey for 1893. Trenton, 1891, Evo., x.+152 
pp , with maps. 

ANNUAL REPORT of the state Geologist of New Jersey for 1894. Trenton, 1895, avo., x.+M)t 
pp.. with geological map. 

ANNUAL REPORT of the Btate Geologist of Kew Jersey for 1895. Trenton, 1896, ~vo . ,  xl.+19B 
pp.. with geological map. 
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