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ABSTRACT _ Gravity profile A-A’ (fig. 4), trending northwest-southeast through the gravity high at Beemerville, was MAP SYMBOLS 41°20 : : rive— , 41920  41°20' e P S o) i
Bouguer gravity anomalies, residual gravity anomalies, and modeling of gravity profiles have been modeled as shown. This model shows the Beemeville intrusive to be dipping to the southeast. It is FIGURE 1
used to delineate the subsurface configuration of the main body of the Beemerville intrusive complex thin near the surface and thickens with depth. In the model, another high-density body, an intrusive,
and the enclosing Paleozoic sedimentary rocks. Surface geologic data were used to constrain the accounts for the gravity high northwest of Beaver Run in the Harmonyvale-Lewisburg area. The — = 471 — Bouguer gravity contour - interval 1 mGal; dashed where inferred
models and aeromagnetic maps were used to assist in interpretation of anomalies. presence of an aeromagnetic high in the same area (fig. 3) is consistent with this interpretation. A 203 Gravity station
basement high and an anticlinal structure corresponding to a thrust fault mapped at the surface are u
A gravity high associated with the intrusive extends southwest from Beemerville. North-northwest— interpreted for the Beaver Run area. Middle Proterozoic rocks crop out at the southeastern end of the o/ 62 Gravity station - from Spink, 1986
south-southeast trending gravity lows are associated with faulting within Proterozoic and Paleozoic profile near Hardystonville. Faulting within the Proterozoic and Paleozoic rocks has been included in Geologic contact
rocks east of the study area. the model and account for the irregularity of the OE€jk and Y contacts in the profiles. Paleozoic rock B
within the fault block accounts for the gravity low. L = _ A
The Beemerville intrusive complex appears to be thin near the surface, and to broaden and elongate - ————— Fold S / TG ook G
with depth. It extends to the southwest and probably plunges at a high angle to the southeast. A northeast-southwest trending gravity high in the Lake Owassa-Culvers Lake area, southwest of the undiforcntated (bt on P s = g . e /T )N
Paleozoic sediments deepen and thicken to the north-northeast. gravity high in the Beemenvile area, shows as an extension of the Beemenville anomaly on the QUATERNARY [: P ty) ’{’”A G\UE \’j 4198 2ngp® % o/ "
Bouguer gravity anomaly map and as a separate anomaly on the residual gravity map. This anomaly DEVONIAN E undifferentiated gp 5 4 : ; s
INTRODUCTION may result from an extension of the Beemenville intrusive body, a separate pluton, or it may result i 97, ‘éc ; L
The Beemenville intrusive complex in Sussex County, New Jersey consists of carbonatite-alkalic from high-dﬁecnsity ?rotero;‘zoictro?ﬂlf‘. .lf:irilcltgemeta ::i:t part of this gravity high with a high in the SILURIAN |: IE undifferentiated A\ ; ‘({_ UNT ]
: ; ; tent with either interpretation. i 198/l ) ) 5
igneous rocks of Late Ordovician age. These are restricted in regional occurrence but vary widely in SEiEpnelic Napis Cos s ofl i 7 J S ==
petrologic and intrusive character. Many previous studies have addressed the age, petrology, and (i : nephsiine syen / G | sy i BANESVILE staf
petrography of the complex, but little has been done on its spatial properties, particularly with its An elongate Bouguer gravity low (fig. 1) in the Swartswood-Branchville area appears as a residual vedcintc besosts Besinsevills
vertical dimension. The purpose of this study is to delineate the subsurface configuration of the main closed gravity low (fig. 2). This is attributed to an anticline along which Cambrian-Ordovician i:“:qu’iiv“l‘ =
body of the intrusive complex using gravity data in conjunction with aeromagnetic data and surface carbonates are exposed to the southwest. At Branchville the carbonates plunge beneath Ordovician ORDOVICIAN lamprophyre and related rocks |  (Drcile only)
geologic information. slate, sandstone and graywacke. This gravity low can be attributed either to the lower density of : '
carbonate rocks as compared to the surrounding rocks or to lower density Proterozoic basement rock Martinsburg hornfels ; "‘.,ﬁ,__{,’;
; : . . i Jifaleea) (Y
An area of about 384 square miles (614 sq km) was surveyed using the gravity method. Gravity near the surface beneath the anticline. mEILI L & fmyi;éwi;luf f
observations were collected at 156 stations. These data were supplemented by gravity observations b . . e ,\? AT
from 176 locations provided by Walter J. Spink (written communication, 1986). The model for gravity profile B-B' (fig. 5), through this anomaly, includes a faulted anticlinal structure CAMBRIAN = [ O€jk | Kittatinny Supergroup and Jacksonburg Limestone ‘ 0
based on surface mapping and cross sections by Herman and Monteverde (1989). The gravity high = undifferentiated (™
in the southeastern part of the profile, in the Newton area, has been interpreted as a high-density Ll
The. Baisnariile Wiruniie conmink ﬁEﬁE\l‘RnAﬁl:eGKiEugilr:n?((\;l:Iey saction of the Valley and Ridge Proterozoic basement rock, which may be amphibolite or pyroxene gneiss (2.9 g/cm®). Ygn | gneiss
Physiographic Province. Paleozoic sedimentary rocks overiie Middle Proterozoic metamorphic and g::isn‘z;‘a:m;;‘; mi:e:":‘;?;?;"k:“:‘;:":xbuat:da:;‘“ﬂ?m(:fg) l;"v‘:r'; f:\;“ie :’:; 91:;?%: PROTEROZOIC ik unidbtersriiatad (peolis Sniy)
neous rocks (fig. 1, table 1). Surficial sediments are absent or only a few feet thick across most of o e . %
1ug-ue study area.(ﬂ?icker within)an area extending south from Culvers Lake past Lake Owassa. In large deposits. The gravity high at the northwestern end of the profile is interpreted to result from an marble
nt these date to the late Wisconsinan glaciation intrusive body having a density contrast equal to that of the Beemenville complex intrusive body. No 5
i g 3 geologic evidence at the land surface supports this intrusive body, perhaps because glacial material FIGURE 2
X S ; . covers the bedrock. An alternative model which could account for this gravity high involves a higher : : :
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Smaller areas are underlain by downfaulted Paleozoic sedimentary rocks unconformably overlying the gravity data along profile C-C* (fig. 6). i il ¢ g/ ¢ \
. inny Valley and the Highlands, northeast-trending, moderate- R : : ; i — 57100 — i o y 7 eraniie \
::r-:ti;rrtza?:;le“::kulsts cl':t‘ bt;ol:: mfn;zlr:o);oic ::1{1 Proteruzoic?ocks Detailed studies o? the bedrock Profile C-C', along geologic strike, intersects gravity profiles A-A" and B-8'. The model shows the R A el ~ i _ ;
geology include Merchant and Teet (1954), Hague and others (1956), Spink (1967), Baker and Paleozoic sedimentary rocks deepening and thickening to the northeast. As along profile AA, the s ) ity 1)
Buddington (1970), Markewicz and Dalton (1977), Herman and Monteverde (1989) and Monteverde nepheline syenite and the volcanic breccia intrusives produce the gravity high near Branchville. The Nl Yake [/
> 3 : southwestern end of the gravity profile, crossing profile B-B', is flat. The model shows the fiat
(eyp e response to be caused by a separate pluton or an extension of the intrusive body. In the absence of
Sy s sz a high-density body the profile would have been a steep gradiant. The alternative model for profile
The Beemerville complex intrudes country rocks ranging in age from Proterozoic to Late Ordovician, = 4 . : i the A Lbree. would et profkics & Rt 5 -~
but crops out primarily within the Middle to Upper Ordovician Martinsburg Formation. Radiometric Br:v;;rZL?h'::i:;y gglz:’:::;:;‘;:u:::mﬁ'a aoce.ftr:d e ; 5k MAP SCALE :4'__‘/-:. ‘ e /}‘9 W72 S LA S M £
dating of biotite from the nepheline syenite at Beemerville yields an age of about 435 + 20 m.y. for the 9 o : //// 3"") A /,/// IS M BT P e wa R % . % Z . :
i . i i 40 m.y. ; ; : 4 IR 7 00 . () /e d ) g X .
Irsusion [2agiesn and ot d367). Tiatelo (19 ) Gmirkios 1 age W5,y Away from the profiles, the north-northeast—south-southwest trending series of residual gravity 0 1 2 3 4 5 miles 7 ’ﬁ’fé’;‘”’f-’g & %:;fn;dck s X F PLA 7 *"// Re I”’”ke""/u/ j =
. e et o i aordia il hicahad ong lows (fig. 2) from Wantage in the north-northeast to Houses Corner in the south-southwest may be — L 1 1 1 ) ;j %f o 7/ £ % &//},_ 7 ﬁ ake fo | O ok
The piimary Intrusive bod'nes . b et e naphe.n sy 9 : 9 due to moderate- to high-angle faults involving Proterozoic and Cambrian-Ordovician rocks as 6 . . L 1 Ll / A S ), ] % /) { . : Jb e MENY
QOIS Labgen: the, Mralaxy A g ok Foldrmidust. oKL R (RO ROt UV T8 modeled in profile A-A' (fig. 4). The residual gravity high in the Quarryville area may be due to L e ) - X AFT ‘
Martinsburg. Other intrusive bodies include phonolite, tinguaite and lamprophyre dikes, diatremes, : L i oe : : ' o aw A0S 4
e ssirlg sills. Maxey (1976) propose dl::petrogeneg: origin for h’: irmva complex which outcropping Ordovician carbonates overlying high-density Proterozoic rocks. The east-west trendir}g # 4_1_1;};” %fm”?’i"é\
invol\?:d Im{nlscibi!i an: the ﬁagonal stallization of a carbonate parent magma of basic residual gravity lows north of Beemenville near Colesville may be caused by the ab'ru pl‘ch‘:anga " 1:100,000 (R /SN N
combast Yy babi c'y Lardizi W dafoiation. of Crderiolan: ficks density at the contact between the high-density Beemerville intrusion and lower-density Silurian and Ba O e ; - e/
position. The complex is probably post-tectonic relative to ‘ormation o ovician Ordovici : ; f th idual it e se map from U.S. Geological Survey Middletown, NY-NJ-PA 1:100000-scale metric topographic =
: A 4l iy ; i 3 ovician sediments. Some of the anomalies along the edges of the residual gravity map may . K
(Ratcliffe, 1981). Ordovician deformation in the vicinity of the Beemerville complex is characterized Siat b RSB TG T map, 1986. Contour interval 20 meters. N
by open, upright folds within the Kittatinny Supergroup and Martinsburg Formation (Herman and VS Y spanse Sab EONETD 9 P i :
Monteverde, 1989). Subsequent Alleghanian tectonism complicates the structural setting. LY K
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Gravity data have been analyzed using double Fourier series trend surface analysis, then modeled 4L
RAVITY FIELD METHODS ; oy A g : : : : :
A Lacoste & Romberg microgal gGravily nl'll-trr (model D25) capable of being read to the nearest 0.001 using two-dimensional graw'ty |nver.5|on tachnl.ques with 'surface geologic ofmsm?mts. Aeror?'lagneuc
miligal (mGal) was used in this study. Secondary base stations were established at several locations anomalies are closely associated with the gravity anomalies and were used in their interpretation.
in the area. These were referenced to a primary base station at Princeton University (Bonini and
ith ted loops. ; : . icli i
Vnplei, IS e 4 A closed gravity high is associated with the Beemenville intrusive complex, resulting from the higher Table 1. Paleozoic Ilthostraﬂgraphlc units
density of the intrusives as compared to the host Paleozoic sedimentary rocks. The Beemerville System Lithostratigraphic Unit et ag Description
Gravity readings were taken mainly on bench marks, road intersections or along roads. Station intrusive complex appears to extend to the southwest. Two-dimensional modeling shows that the St Hesness i)
elevations and lalitudes were obtained from U.S. Geological Survey 7.5-minute quadrangle maps with intrusive is elongate in shape and dips nearly vertically to the southeast. Paleozoic sedimentary rocks DEVONIAN undiﬁ::engzted 1000 d‘als:h';";;s':‘e’m'
a contour |nter‘val of 20 feet. The m_argins of error in station location are + 10 ft (3 m) elevation appear to deepen and thicken from south to north within the study area. A series of -
and + 0.025 minutes latitude. The gravity observations are accurate to approximately + 0.6 mGal due to north-northeast—south-southwest trending gravity lows within the New Jersey Highlands results rom SILURIAN Silurian 4800 oosa Io:gzrr‘:t’e
instrument, elevation and latitude inaccuracy. downfaulting of Paleozoic sedimentary racks into areas of Proterozoic rock. undiffereniated Iim;?tone shale
Beemerville Intrusive ine si
Gravity observations by Spink (written communication, 1986) were taken using a Lacoste-Romberg ACKNOWLEDGEMENTS Complex NA cc:Ik‘:: Iﬁngi
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effects using standard formulas from Dobrin (1976). The International Gravity Formula of 1930 REFERENCES undifferentiated
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Terrain corrections, which account for the deviation of topography from a horizontal surface, were ; ; 3 / :
calculated using a two-dimensional terrain correction computer program. This program calculates the Beck, J. W., and Arnold, K. J., 1977, Parameter estimation in engineering and science: New o S A XA ARL
vertical component of the gravity anomaly using the line-integral algorithm of Talwani and others York, John Wiley, 501 p. ) A EROP LA (s R
(1959). Removal of the vertical component of gravity from the Bouguer slab effect (Dobrin, 1976) Bonini, W. E., and Woollard, G. P., 1957, Observational accuracy of high-range geodetic type QS{J A\ SN W) N\ &~ N / reghii
results in an approximation of the terrain-correction value. Gravity terrain-correction values were Worden gravimeters: American Geophysical Union Transactions, v. 38, p. 147-155. i : 1 [ ] ONLB O30\ ®) = j‘/\ 4 .\:5#. T,
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were plotted and contoured to obtain a gravity terrain-correction map. Terrain corrections of several o AR -_'\i/"’m Q\ﬂ 7
stations on one profile were determined using a Hammer graticule (Hammer, 1939) to verify the two- Ghatge, S. L., and Jagel, D. L., 1990, Gravity base station network in northern New Jersey: N\ N
dimensional method. The correction-factor difference between the two techniques ranged from 0.4 to New Jersey Geological Survey Open-File Report 80-2, 39 p. . )
0.1 mGals. : The ter;anl;worraction factor for each lgrawty :‘af"’" was interpolated from the Hague, J. M., Baum, J. L., Herman, L. A., and Pickering, R. J., 1956, Geology and structure of AN Sk / i ol
terrain-correction map and was added to the gravity value to obtain the Bouguer gravity anomaly. the Franklin-Sterling area, New Jersey: Geological Society of America Bulletin, v. 67, p. U Cogtf AN S e £~ a :
The terrain corrections ranged in value from 0.07 to 2.0 mGals. 435.474, |5 9/ AN bf;'k ’ /1 4 Jf“ ™~ 9
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The Bouguer gravity anomaly values (table 2) were then plotted and contoured to obtain a Bouguer Hammer, Sigmund, 1939, Terain comections for gravimeter stations: Geophysics, V. 4. p. 41900 ! gk géér By i]ﬁ%’d \ S ,?5 B o 72 P O 93757 ,{,‘5:? :;f‘fa/ a : . ) AN Y /L ‘
gravity anomaly map (fig. 1). 184-194. TTED S1%00 L alope s L : : S0 S : ‘ Lo oo
Herman, G. C., and Monteverde, D. H., 1989, Tectonic framework of Paleozoic rocks’ of Fldurs 1. B it | 74° 32 74° 54 74° 32
GRAVITY DATA ANALYSIS northwestern New Jersey; Bedrock structure and balanced cross sections of the Valley and igu . Bouguer gravity anomaly and geologic map. Bouguer gravity mapped 1985-1988. Figure 2. Residual gravity map, Residual gravity mapped 1985-1988.
The Bouguer gravity values were analyzed using the double Fourier series analysis program of Ridge province and southwest Highlands area: in Grossman, |. G., ed., Paleozoic geology i Geology compiled by G. Herman, D. Monteverde, and R. Volkert from mapping by D. Monteverde,
James (1966). This program is used for trend-surface analysis of irregularly spaced data. A trend of the Kittatinny valley and southwest Highlands area, N. J., 6th annual meeting of the G. Herman, R. Volkert, A.A. Drake, Jr. (1985-1992). Based in part on Hague and others (1956),
surface approximates the regional gravity. With the first harmonic, the program removed from the Geological Association of New Jersey, Easton, Pennsylvania, p. 1-57, 3 plates, . Baker and Buddington (1970), and unpublished maps on file at N. J. Geological Survey by
Bouguer vity values all wavelenglhs in excess of 33 miles (53 m) in the north-south directi d J W. R.. 1966, FORTRAN IV P i double F . fi for su ﬁt’tin f w. Sp‘ﬂk (1 963-1 967), F. Markewicz and R. Dalton (1968-1974), R. Canace (1 990), and N. J. Zinc Co. (1952).
g ty ; ; A : ikt WIIR s Bn ) TOREAM, Y500 ooline FAUCAC AR 28 B I iy 3 Geologic interpretations are provisional pending peer review.
27.5 miles (44 km) in the east-west direction. The residual gravity values thus obtained were then irregularly spaced data: Computer Contributions 5, Kansas Geological Survey, University
plotted and contoured to obtain the residual gravity map (fig. 2). of Kansas, Lawrence.
LKB Resources, Inc., 1980, NURE aerial gamma-ray and magnetic survey, Reading Prong area:
A two-dimensional, nonlinear, least-squares gravity inversion program was used to model the R ; : . ;
! eport no. GJBX-90 '80, Bendix Field Engineering Corp. subcontract, pre for U.S.
Bices 34 b el Tie o oposls o Nl koo (o Deparmontof Enegy, 2 shasts, sl 182500, ;i GRAVITY INVESTIGATIONS TO DELINEATE SUBSURFACE GEOLOGY
Arnold, 1977) to calculate and optimize new parameters for each iteration of the model. A : : j [t X = H
straight-line regional gravity gradient was also calculated. The gravity field of the initial model was Markewicz, F. J., and Dalton, Richard, 1977, Stratigraphy and applied geology ©f the lower
calculated using the line integral algorithm of Talwani and others (1959). Three profiles (fig. 1) were Paleozoic cgrbonates_ in nonhwestern.New Jersey: in 42nd An.nual Field Conference of IN THE B EEM ERVILLE INTRUSIVE COM PLE A EA,
modeled. The interpretation of gravity anomalies is not unique, hence requires some constraints in Penl:lsyivanla Geologists, Pennsylvania Bureau of Topographic and Geologic Survey, SUSSEX COU NTY NEW J ERS EY
the modeling process. In this case the surface geology and the density contrasts of the outcropping Harrisburg, 117 p. ’
g‘;g‘:ﬂl‘;‘;‘gt‘i ::;iemc::t:!rr;lﬁs wT:r: :"’xtl:ﬂ’:o Ple“gi:‘:l:‘?:;‘esf::i %e“‘:::"'s‘c a‘:dgtf"iw;‘j’h?;“mem Maxey, L. R., 1976, Petrology and geochemistry of the Beemerville carbonatites-gg(alic rock by
apola ic structure. nesses . i i i i 5 :
were from nearby measured sections. Densities were adapted from Dobﬁ:g(1976). Telford and others M :omplzx, ;law J:rs::y. G:ol;gical S:(:I:,ty 0_' AmTca Bulteur; il Ne : : Suhas L. Ghatge, Donald L. Jagel, and Gregory C. Herman
(1976), and from rock sample measurements. These were contrasted with the assumed density of OGS s 5 and Teet, J. E., 1954, Kittatinny limestone, Sussex County, g Jersey: 1992
Middle Proterozoic basement of 2.67 g/cm®. Density contrasts (g/cm?) are: Unpublished progress report (inter-office communication), New Jersey Zinc Company,
Ogdensburg, N.J., 25 p. (on file at the New Jersey Geological Survey, Trenton).
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The Bouguer gravity anomaly map and the residual gravity map show a closed gravity high in the Journal Geophysical Research, v. 64, p. 49-59, g -40.00 -
vicinity of the Beemerville intrusive complex outcrop. An aeromagnetic high is also visible in the same ; D. A ;
area (fig. 3). The gravity high results from the contrast between intrusive bodies and the lower density Teilogiém\ﬂ;}idh;; g:;::d é.ar:!;ri:gh: Tlf:;lvFe‘rsEy’ F?:ai;.(ays' +Au 1978.. Aoalied Guoglivalce: g ¥ OBSERVED\ i
Paleozoic sedimentary rocks. The gradient of the gravity closure is gentle in the southeast and 3 ; T -42.00 > i
i s e o A. V., and Th H. H., 1967, K-Ar Sr X 5 CALCULATED
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