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INTRODUCTION SURFICIAL DEPOSITS AND GEOMORPHIC HISTORY Downstream from these headwater areas, streams are more deeply inset into the upper Stanford, S. D., Ashley, G. M., Russell, E. W. B., and Brenner, G. J., 2002, Rates and — & DESCRIPTION OF MAP UNITS Tvt VINCENTOWN FORMATION—Clayey silt and silt, extensively bioturbated, 40°00° == J =T Ok, T T == === = o ; t == Yy I 7 7] 40°00°
terrace (as much as 30 feet), valleys are narrower, and present floodplains are inset as patterns of late Cenozoic denudation in the northernmost Atlantic coastal plain and o & 77777 _ _ slightly micaceous, finely laminated where not burrowed, dark greenish-gray to ) . sl 4 pa N 1/ s S Qe [\ ) Qe —eC 1% 95 i 99 T i N YN LT (\ ) '
The Browns Mills quadrangle is in the Pine Barrens region of the New Jersey Coastal After the Cohansey Formation was deposited in the middle Miocene, sea level in the New much as 15 feet into the lower terrace. The more active downcutting in these downstream piedmont: Geological Society of America Bulletin, v. 114, p. 1422-1437. R : <9<>°b 7/} ARTIFICIAL FILL—Sand, pebble gravel, minor clay and silt; gray, brown, very very dark gray, with thin beds of very fine quartz and glauconite sand and silt. . ~ P 7 = A ’ ’ & 8 D 2 NN ¢ (Tom i m-= C:@ : : ] -
Plain, in Burlington County and a small bit of Ocean County, in the south-central part of Jersey region began a long-term decline. As sea level lowered in the middle and late valleys produced fluvial scarps (ticked black lines on map), abandoned meander channels, Stanford, S. D., Witte, R. W,, Braun, D. D., and Ridge, J. C., 2016, Quaternary fluvial e 09 pale brown, white. In places includes man-made materials such as concrete, Grades downward to a massive, slightly quartzose, glauconitic silt and glauconite < € == L B P ‘ 1 e i TRGS ” Sl Sater U X g i :
the state. Outcropping geologic materials in the map area include surficial deposits of late Miocene, between about 15 to 5 million years ago (15-5 Ma, Ma = million years ago), the and terrace fragments separated from the main terrace by erosion (fig. 4). The greater history of the Delaware River, New Jersey and Pennsylvania, USA: the effects of S p Hanover /] asphalt, brick, cinders, trash, and glass. Unstratified to poorly stratified. As much sand with shell material at the base. The contact with the underlying Hornerstown > k ! 100 / / \
Miocene to Holocene age that overlie the Cohansey and Kirkwood formations, which are inner continental shelf emerged as a coastal plain. River drainage was established on this height of the terraces above the present floodplain also permits the mapping of a lower glaciation, glacioisostasy, and eustasy on a proglacial river system: Geomorpholo- g ° Lake = as 15 feet thick. In road and railroad embankments, dams, dikes, berms, infilled Formation is marked by a sharp positive response in the Hornerstown on : ) ﬁ\ﬁ Loty
shallow-marine and coastal deposits of early and middle Miocene age. In the subsurface, plain. The oldest surficial deposits in the quadrangle are gravels deposited by these rivers. phase of the lower terrace (Qtll), which has a top surface generally less than five feet gy, v. 264, p. 12-28. ° S ®eg ® o s ek pits, and filled low ground. gamma-ray logs. Maximum thickness 70 feet in the southern part of the quadran- ) ) /o
unconsolidated marine and fluvial sediments ranging in age from Early Cretaceous to This drainage eroded valleys into an earlier, higher fluvial gravel known as the Beacon above the present floodplain and five to 10 feet below the main lower terrace (Qtl). These Sugarman, P. J., Carone, A. R., Stroiteleva, Y., Pristas, R. S., Monteverde, D. H., Domber, L ® i) TRASH FILL—Trash mixed and covered with sand. silt. clav. and aravel. As gle, thins to 25 feet to the northwest. In subsurface only. i - 4 A e
Eocene underlie the Cohansey and Kirkwood formations. The surficial deposits include Hill Gravel, which formerly covered the Brown Mills quadrangle at elevations above 200 lowest terraces are closely associated with the present-day floodplain and are probably of S.E., Filo,R. M., Rea, F. A., and Schagrin, Z. C., 2018, Framework and properties p Browns y.’ AZZZA o eh as 30 feet thick » StiL CaY, gravet _ L ., Qtu | NS Qth—
stream, wetland, hillslope, and windblown sediments. to 250 feet from south to north (Stanford, 2010a). It has been eroded away in this quadran- latest Pleistocene and Holocene age. of aquifers in Burlington County, New Jersey: N. J. Geological and Water Survey b Viror @ s ° ' Planktic foraminifers in the Double Trouble corehole, and calcareous nannofos- 4 7 Lo ow
gle but remains as a cap on the highest hills and uplands to the east, north, and south of Geologic Map Series GMS 18-3, scale 1:100,000. e o ® o Qals = WETLAND AND ALLUVIAL DEPOSITS—Fine-to-medium sand and pebble _S|Is in the Double Trouble and Medford coreholes, |nd|cate_ that the Vincentown ISR \ \ / e ‘: % %”
Summaries of the resources provided by the formations, and of the history of the map area the map area. Erosion from spring seepage, on hillslopes, and in stream channels, As permafrost melted beginning around 18 ka, forest regrew and hillslope erosion slowed. Sugarman, P. J., Miller, K. G., Owens, J. P., and Feigenson, M. D., 1993, Strontium ;un o gravel, minor coarse sand and silty clayey sand: light gray, yellowish-brown, is of late Paleocene age (Sugarman and others, 2010; Browning and others, 2011). ) | arkRox] BDY — — —— —fi /,/43
as recorded by the Coastal Plain bedrock formations and surficial deposits and landforms, reworked the gravel and deposited it in floodplains, channels, and pediments in valleys The volume of sand washing into valleys was greatly reduced, and streams eroded into the isotope and sequence stratigraphy of the Miocene Kirkwood Formation, south od Ot brown, dark brown: overlain by brown to black peat and gyttja. Peat is as much Foraminifers identified by J. V. Browning (written communication, 1997) from | : 7 R =" a
are provided below. The age of the deposits and episodes of valley erosion are shown on that had been cut down between 100 and 150 feet below the level of the former Beacon lower terraces to form the low-phase terraces and then the modern floodplain. This New Jersey: Geological Society of America Bulletin, v. 105, p. 423-436. e ¢ Whitesbog < as six feet thick. Sand consists mostly of quartz with minor (<5%) mica, one sample of the Vincentown in well 190 (arrowed on section AA’) also indicate } ot o Qu
the correlation chart. Table 1 shows the formations penetrated by selected wells and Hill plain. These deposits are mapped as upland gravel, high phase (unit Tg). They cap the erosion was largely complete by the beginning of the Holocene at 11 ka, based on Sugarman, P. J., Miller, K. G., Browning, J. V., Aubry, M.-P., Brenner, G. J., Bukry, D., ° : ! S opague-mineral grains, and fragments of wood and peat; gravel consists chiefly a late Paleocene age. v ot 4 & "%‘\%\\\_9_6_{‘
borings as interpreted from drillers’ descriptions and geophysical well logs. These data uplands east of Four Mile in the southeastern part of the quadrangle and the upland in the radiocarbon dates from basal peat in floodplains in the region (Buell, 1970; Florer, 1972; Buttari, B., Feigenson, M. D., Kulpecz, A. A, McLaughlin, P. P, Jr,, Mizintseva, 530 e /-_' o cran® of quartz. Sand and gravel are generally less than 10 feet thick. Sand and gravel Tht | HORNERSTOWN FORMATION—Glauconite. clavev. massive-bedded. ver - = e AN
were used to construct the cross sections, which show formations to a maximum depth of northwestern corner of the quadrangle (fig. 2). The base of these deposits in the southeast- Stanford, 2000), including a date of 9,125+125 yrs BP (Geochron Laboratories, lab S., Monteverde, D. H., Olsson, R., Pusz, A. E., Rancan, H., Tomlinson, J., SO, 053 are stream-channel deposits; silty, clayey sand and sand are overbank deposits: dark ich N dark i<h-b ‘ 't?]l Y. ttered shells and sh I); PRI "7 - N\
about 700 feet (elevation -600 feet). Four wells in the quadrangle are deeper (wells 1, 190, ern part of the quadrangle declines from an elevation of 160 to 170 feet just south and number not reported) (9.9-10.6, median 10.3, calibrated ka) on basal peat and wood at a Uptegrove, J., and Velez, C. C., 2010, Medford site, in Miller, K. G., Sugarman, P. Pog o —~E~rgg peat and gyttja form from the vertical accumulation and decomposition of plant far grete nis G-Igray qtvery dark gray1s I rowr:j,_ Wi 4 ?ca ere sasng Sn asr) esa?] q 1 IS\ V1 ' 5 e 3 1
217, and 218), extending to total depths of 887, 1,025, 900, and 1,025 feet, respectively. southeast of the quadrangle border (Stanford, 2010b, 2012) to about 135 feet near Four depth of four to five feet along McDonalds Branch upstream of Butterworth Road (fig. 2, J., Browning, J. V., and others, eds., Proceedings of the Ocean Drilling Program, 2 o e debris in swamps and marshes. Peat is thin or absent in narrow floodplains along bragmez SI Cauco_m € grains are mainly mef_lum 0-coarse In siz q = ]
Formations below elevation -600 feet in these wells are listed in table 1 and described in Mile and between 140 and 150 feet east of McDonald. This slope indicates northwesterly also plotted on map) (Buell, 1970). Initial Reports, v. 174AX (Supplement): College Station, Texas, Ocean Drilling Wi trunk streams. In alluvial wetlands and floodplains on modern valley bottoms. rc:tryohl a F ontains one to dt\ln_/o _perclzvelnt : me-to-yery-goarsel quartz saln : P AT ) D X d z B ol
Owens and others (1998) and Sugarman and others (2010). Although no wells in the stream flow (purple arrows on fig. 2). The deposits in the northwest corner have a base Program, 93 p. E OS?I ate ragme(:jntts;, pyrite, an q |gn|t§. . datr_ltx corLljtams ;nmorbg: aucomlt'e ¢ ;ly' b SN\WF \\\ 5 20, 7 i? 3
quadrangle reached basement rock beneath the Coastal Plain formations, wells and between 140 and 160 feet in elevation. They are the southernmost part of an upland gravel Windblown deposits (Qe, orange areas on fig. 2) form dunes and dune fields. Dune ridges Volkert, R. A., Drake, A. A., Jr., and Sugarman, P. J., 1996, Geology, geochemistry, and Qtll | LOWER TERRACE DEPOSITS, LOW PHASE—Sand and gravel as in lower Noca _ykc elln ented y_ll_Lon oxides an h S'h erll\le. - r:(cc_)n Ormﬁ dybover 'ﬁs Ie %\ PN\ WS / i/ ow 19
seismic data in adjacent areas indicate that basement is probably at a depth of about 1,000 with a base that rises to the north and northeast to an elevation of 190 to 200 feet near are as much as 15 feet tall, but are more commonly 3 to 6 feet tall, and are as much as tectonostratigraphic relations of the crystalline basement beneath the coastal plain terrace deposits (fig. 5, described below), overlain in places by black peat and d avesin 4 ormation. h eNconta_ctkwn the aveslln |sta'r € Br’].aks arng \,\\k\ e 7 % T otl
feet in the northwest corner of the quadrangle, deepening to about 2,000 feet in the Jacobstown, about eight miles north of the town of Browns Mills (Owens and Minard, 3,000 feet long (fig. 4). Their long axes (red lines on map) are oriented east-west to of New Jersey and contiguous areas: U. S. Geological Survey Professional Paper muck less than two feet thick. As much as 10 feet thick. Form terraces with a fectrelase brespfonse mlt ¢ Navesink on gamma-ray logs. Maximum thickness 7 o8 B O &, ) APty 20 . _ ;’%
southeast (Volkert and others, 1996). Basement rocks in this area are chiefly gneiss and 1975). This slope indicates southerly to southwesterly stream flow. Together, these northeast-southwest, with a few trending northwest-southeast. Some of the ridges are 1565-B, 48 p. . surface less than five feet above the present-day floodplain and five to 10 feet eet. In subsurtace only. % C',Z"b?frf/ N N\ ~_ k b7 : N ] =3 5 O ake 1 I S
schist of Middle and Late Proterozoic and early Paleozoic age. Carbonate rock may occur northern and southern upland gravels record a late Miocene drainage pattern like that of closely spaced and parallel, creating a rippled pattern. Some are crescentic in plan, with Wolfe, S. A., Demitroff, M., Neudorff, C. M., Woronko, B., Chmielowska-Michalak, D., o®® P below the main lower terrace. Calcareous nannofossils and planktonic foraminifers in samples from the Double S AR > N \ (et O\ B A " : Z
in the southeastern part of the quadrangle (Volkert and others, 1996, p. B15). The the present-day Rancocas basin. the crescents bowed out to the southeast and south. Some border or enclose shallow and Lian, O. B., 2023, Late Quaternary eolian dune-field mobilization and stabili- * (a“d\.: ) _ L mi Trouble and Medford coreholes indicate that the Hornerstown is of early Paleo- 7 Broiy 2 ‘\\, \ ald ~ o b Pt LN | tl/,/"- D
basement rocks are commonly weathered to saprolite with thicknesses of as much as 100 basins, mostly on the southern and eastern sides of the basin. These basins may have been zation near the Laurentide Ice Sheet limit, New Jersey Pine Barrens, eastern USA: v Y Qald | DRY-VALLEY ALLUVIUM—Fine-to-medium sand and pebble gravel, minor cene age (Sugarman and others, 2010: Browning and others, 2011). Foraminifers 27 S 2 § (‘—({ R o AN
feet beneath the basal Cretaceous sediments. Arenewed period of lowering sea level in the late Pliocene and early Pleistocene, approxi- created or enlarged by wind erosion (French and Demitroff, 2001). These patterns Aeolian Research, v. 62, 100877. D coarse sand; very pale brown, white, brown, dark brown, light gray. As much as identified by J. V. Browning (w’ritten éommunication 1997)’from two samples of / 5 %ﬁ::,—,‘g ¢ \;.}g\ k J .K,%?xs 35
mately 2 Ma to 800,000 years ago (800 ka, ka = thousand years ago), led to another period indicate that the dunes were laid down by winds blowing chiefly from the northwest. Most Zapecza, O. S., 1989, Hydrogeological framework of the New Jersey Coastal Plain: U. S. o Middle Br & five feet thick. Sand and gravel consist chiefly of quartz. In dry valley bottoms. the Hornerstown in well 190 (arrows on cross section AA’) also indicate an early 5 B 5, AN £ /::;’:\"\ S
The outcrop extent of the Cohansey and Kirkwood formations in the Browns Mills of valley deepening. Spring seepage, channel, and hillslope erosion reworked the upland windblown deposits are on the upper terrace and on the older upland gravels (fig. 2). A Geological Survey Professional Paper 1404B, 49 p. o % o Q| LOWER TERRACE DEPOSITS—Fine-to-medium sand, pebble gravel, minor Paleocene age. A y NN > = e ‘\\?\'
quadrangle was mapped at 1:24,000 by Minard and Owens (1963) based on exposures gravel, high phase and deposited the upland gravel, lower phase (unit TQg) in shallow few, like the dune ridge north of Whiteshog, are along the edge of the upper terrace °) ¢ coarse sand; yellowish-brown, light gray, brown, dark brown. As much as 15 feet / / | ’ ! ,, \ e 0 A0 "\\3\\'°
and 40 power-auger holes drilled to depths of 25 to 30 feet. Using the same data, Owens valleys 20 to 50 feet below the higher gravels. These deposits today cap hilltops and southeast of broad parts of the lower terrace. A few are on the lower terrace. None occur CORRELATION OF MAP UNITS oi °. .g?»% thick. In pléces sand and gra;/el are ovérlain b)l/ brown to black peat and muck - NAVESINK FORMATION—Glauconite, slightly quartzose, clayey, green- \ v . L I N\ =N > Qi
and Minard (1975) mapped the surficial geology of the quadrangle and adjacent areas interfluves, and form upland plains. In the southern half of the quadrangle the base of the on the low phase of the lower terrace or on present-day floodplains. In a few places, dunes oo 00 7 less than two féet thick. Sand consists chiefly of quartz with minor mica and ish-black, with calcareous shells. Glauconite grains are mainly medium-to-coarse SN 74 _?__ AL 4 RV e s Ql 3 %
extending north and west to Trenton at 1:48,000. The present map updates these efforts by lower-phase deposits descends from between 130 and 140 feet in elevation in the on the upper terrace appear to be truncated by scarps eroded during Wisconsinan valley Qe ¢ .‘0 .".\ opaque-mineral grains éravel consists of quartz. Form terraces and pediments in sand in size. Unconformably overlies the Mount Laurel Formation. This contact chs 4 T Tehs \'/‘ ) 555“‘*; N \e ¢ 2O s
adding subsurface interpretations based on lithologic and geophysical logs from 220 wells southeast, adjacent to remnants of the high-phase deposits, to between 90 and 100 feet to incision (fig. 4). These observations indicate that the windblown deposits were laid down A,\'\,'IESITCHAN EPOCH e, ¢ valley bottoms with sﬁrfaces two to 15 feet ablove the present-day floodplain is easily distinguished in the subsurface by a sharp positive gamma-ray response. N A ‘ AN S\l loallur Z \\ 3
and borings and by mapping surficial deposits using LiDAR imagery, aerial photography, the west and northwest, indicating northwestward stream flow (blue arrows on fig. 2). In after deposition of the upper terraces, and, in places, also formed after deposition of the STAGE AND AGE PERIOD * '.’ Include stratified and cross-bedded stream-channel deposits and nonstratified tc; Maximum thickness 40 feet. In subsurface only. "= NI S s\ eM\./ n@ 7 3 2
and approximately 1,300 five-foot hand-auger holes. These data also allow for minor the northern half of the quadrangle the base of the lower-phase deposits descends from lower terraces, but before deposition of the low phase of the lower terrace and the : : ' ~ b weakly stratified overbank and seepage deposits . . . Q #/;V 7— Tchs Ay \:;“, "\ Qtl S BN NG 3
adjustments to the Cohansey-Kirkwood contact in outcrop, and the mapping of clay beds between 120 and 130 feet in the northwest adjacent to the remnants of the high-phase present-day floodplain. This span corresponds to the Wisconsinan Stage, a period of _ o e ' Calcareous nannpfogsﬂs and strontium stable-isotope ages between 66 and 67 Ma = \\__,,’ Z VQal o1akete 0 “'\ "w[r“r——‘:L‘%/
in the Cohansey. deposits, to between 70 and 80 feet on the upland located south of Browns Mills (blue intermittently cold climate between 80 and 11 ka. Some of the dunes on uplands may be Eﬁﬂéﬁ///éé Qals ] 0, 90 Qe | EOLIAN DEPOSITS—Fine-to-medium quartz sand; very pale brown, white, from the Navesink in the Medford corehole, and strontium stable-isotope ages L Tkw T / - sl . AN b = Ol e
arrows on fig. 2), indicating southwesterly to southerly stream flow. As with the older. Luminescence dates on six dunes in the Pine Barrens region south of the Browns | Holocene ° oﬁ yellowish-brown. As much as 15 feet thick. Nonstratified to weakly subhorizon- between 61 and 66, M_a from the Double Trouble corehole,'lndlcate' a Late () S R /‘" - — = "‘.,,1,' I e
RESOURCES high-phase deposits, the low-phase deposits record a Pliocene and early Pleistocene Mills quadrangle yielded depositional dates of between 23 and 17 ka, indicating that they Qtl . o tally bedded (fig. 6). Form dune ridges and dune fields. Cretaceous (Maastrichtian) age (Sugarman and others, 2010; Browning and : St : SIS S
drainage pattern like that of the present-day Rancocas basin. were last active during the late Wisconsinan glacial maximum (Wolfe and others, 2023), VALLEY INCISION - — a R TERRACE DEPOSITS_F d d vebbl | others, 2011). \ /"" 50 4 ;ﬂa]s y
Groundwater is pumped mostly from two aquifers in the quadrangle: (1) the Kirkwood- confirming in part the age inferred from their geomorphic position. o Qtu UPPE —TFine-to-medium sand, pebble gravel, minor . . . - s N /
Cohansey aquifer system, consisting of sands in the Kirkwood (unit Tkw) and Cohansey Further deepening of valleys in the middle and late Pleistocene (about 800 to 20 ka), Qaid | M ~Wisconsinan outcrop of Cohansey Formation, e Cohansey Formation, clay-sand 0 1 coarse sand; very pale brown, brownish-yellow, yellow. As much as 20 feet thick. L0 :VlOUINT L@t\_uRELtFORI\/IIATLON—Q;artzI_s?]r:Id, fine- to coarse-%ralfnig, Sl't?]ht' 11 \EE! 2 | NG S PN
(Tchs) formations, and (2) the Wenonah-Mount Laurel aquifer, consisting here of sand primarily during periods of low sea level, formed the present-day valley network (white Another product of cold climate is thermokarst basins. These are shallow depressions, Qe | VALLEYINCISION | ~late - QUATERNARY clay-sand facies @ Cohansey Formation, medium sand e Sand consists chiefly of quartz with minor mica and opaque-mineral grains. c)(/)mgma(;]rflonilnlz’rbggdtaerzjsxig thirl:rlg)vgfs E)ff:llz? a:d ;?Iltc e;cneé) lijr?tera\r/]als oﬁl‘ ssgtier:ecd, Qt AN NN
primarily in the Mount Laurel Formation (Kml) (Zapecza, 1989; Sugarman and others, areas on fig. 2). Fluvial sediments laid down in these valleys include upper and lower circular or oval in plan, that are common on low-lying, flat landsurfaces where the water _Sangamonian g;;ﬂ?gc?éSOhansey Formation, Cohansey Formation, fine sand streams Gravel consists of quartz. Form terraces and pediments with surfaces 10 to 30 feet chells O):ive-gray 0 dark greenis):l-gray C{)n formaE)Iy overlies the Wenonah 2 = 7N 7 WA\ \‘\\\\ X
2018). Most domestic and irrigation wells in the southeastern part of the quadrangle, terrace deposits (units Qtu, Qtl, and Qtll) and floodplain and wetland deposits (Qals, table is at shallow depth. They are shown with blue cross-hatched polygons on the map. ot - _ _ o Kirkwood Formation fi g roads above the present-day floodplain. Include stratified and cross-bedded Formation. The transition from the Mount Laurel to the Wenonah is generall y : J Eranbery ., = N Sss
where the Kirkwood and Cohansey together are between 100 and 250 feet thick, tap sand Qald) in valley bottoms. Colluvium deposited at the base of hillslopes on the edge of the Most formed when ice-rich lenses within permafrost melted. Some may have formed or Qeu “Litinoian 7 Pleistocene outcrop of Kirkwood Formation rrwood Formation, fine san stream-channel deposits (fig. 7) and weakly stratified to nonstratified deposits ked by a d . L . L q g é/ A2y B N S
in the Kirkwood-Cohansey aquifer at depths between 50 and 120 feet. Most of these wells valleys (Qcu) grades to the upper terraces. Like the upland gravels, the terrace, hillslope, been enlarged by wind erosion, as noted above. - - middle _ o ) . laid down by overbank deposition and groundwater seepage on pediments. marked by a decrease In grain Sze, an Increase in mica, and an Icrease — C o e e YA /o W hiteshog - W4
, . : . . . ; o _ Figure 1. Outcrop areas and grain size of the Kirkwood and Cohansey formations in the Browns gamma-ray response in the Wenonah. Maximum thickness 80 feet. In subsurface Qll 277 7 — | P\ ol
produce from the Cohansey Formation, which contains medium-to-coarse sand, because and floodplain deposits represent erosion, transport, and redeposition of sand and gravel EXTENSIVE EROSION  carly Mills quadranale. Colored dots show arain size as observed in hand-auger holes and exoosures. Note UPPER COLLUVIUM—Fine-t d. silt d. pebbl - vell only. - =7 _\1 . D0 @ 125 SN P
the Kirkwood in the quadrangle is mostly very fine-to-fine sand. Most wells in the reworked from older surficial deposits and the Cohansey and Kirkwood formations by REFERENCES _ _ _ abund(;nce of gf]iné sand (green dots) ig the Cohansey Formation 9 P ' Qe ish-brown. verv pale bgw:]ne-rc;-f:o:\rss%s;l:h ’azl 13(') Sfir;t’ tﬁ?ck %gr:?jVZr{ dye r;\‘/’; ' 5730" = o\ ‘ — =X . = 4 E—— e SN
northwestern part of the quadrangle tap the Mount Laurel Formation at depths between streams, spring seepage, and hillslope erosion. Wetland deposits are formed by accumula- TQg | Pliocene ' ::om o;,'Nt'c’)r:l ar;l F; or te'rrgcey' denosits. Nonstratified to .w cakly str a%ifi ed The Mount Laurel is of Late Cretaceous (late Campanian) age based on calcare- \ N\ Qtl X 2\ ] c__,ﬁ'\ N =
250 and 450 feet. Here, the Kirkwood and Cohansey together are less than 100 feet thick tion of organic matter in swamps and bogs. Browning, J. V., Sugarman, P. J., Miller, K. G., Abdul, N. A., Edwards, L. E., Bukry, D., EROSION _ _ postt In upp p ) y ' ous nannofossils and strontium stable-isotope ages between 72 and 74 Ma in the I \ R====c=_ ‘ AN - Vo
and the more permeable Cohansey sands are generally less than 50 feet thick, so the Esmeray, S., Feigenson, M. D., Graf, W., Harris, A. D., Martin, P. J., McLaughlin, Forms footslope aprons that grade to upper terraces. Medford corehole (Sugarman and others, 2010). K ,ﬂiﬁ\ 3 ™, A N \3:7‘.”
Mount Laurel is the shallowest usable aquifer. Upper terrace deposits (Qtu) form terraces and pediments with surfaces 10 to 30 feet P. P, Mizintseva, S. F., Monteverde, D. H., Montone, L. M., Olsson, R. K., Tg | late \ TQg | UPLAND GRAVEL, LOWER PHASE—Fine-to-coarse sand, slightly clayey in 3 SSsal '.‘5. A : h\) 3\\0\'“:,:\ ,3‘/' < N
above present-day floodplains. The terrace deposits were laid down chiefly during periods Uptegrove, J., Wahyudi, H., Wang, H., and Zulfitriadi, 2011, Double Trouble site, places, and pebble gravel: yellow, very pale brown, yellowish-brown, rarely Kw | WENONAH FORMATION—Micaceous, lignitic, bioturbated clayey, silty very . \\1\ S g AR - Ot 222287
Several other sands are major aquifers in the quadrangle. These include: (1) the upper and of cold climate in the middle Pleistocene. During cold periods, permafrost was in Miller, K. G., Sugarman, P. J., Browning, J. V., and others, eds., Proceedings of EXTENSIVE EROSION _ | NEOGENE Ong reddish-yellow As much as 20 feet thick. Sand and’gravel consist chieﬂy of fine-to-fine sand to clayey silt, dark greenish-gray, with minor glauconite, pyrite - QU ot~ N O A s
lower sands in the Englishtown Formation (Ket), known as the Englishtown aquifer widespread and forest was replaced by tundra-like grassland. The permafrost impeded the Ocean Drilling Program, Initial Reports, v. 174AX (Supplement): College Tehs | Tehe _ - Miocene Run quartz with a trace (<1%) of weathered chert. Nonstratified to horizontally and shells. The Wenonah grades downward into silty glauconite of the Marshall- . N NN \sed( chs N0
system of Zapecza (1989) and the upper and lower Englishtown aquifers of Sugarman and deep infiltration of rainfall and snowmelt during thaws, increasing runoff and spring Station, Texas, Ocean Drilling Program, 63 p. - middle stratified to cross-bedded (fig. 8). Caps uplands and hilltops between 80 and 130 town Formation. This transition is marked by an increased gamma-ray response \ N P e ) . § 2
others (2018); (2) the Magothy Formation (Kmg), known as the upper Potomac-Rari- seepage, and the shallow roots of grassland vegetation provided less anchoring of surface Buell, M. F., 1970, Time of origin of New Jersey Pine Barrens bogs: Bulletin of the Torrey UNCONFORMITY? | feet in elevation. e in the Marshalltown. Maximum thickness 70 feet. In subsurface only. Qtl 1N72 é[ Qt /’\\\ 7 _/;7\\ of ~,
tan-Magothy aquifer of Zapecza (1989) and the Magothy aquifer of Sugarman and others sediments than did the deeper roots of forest cover. The volume of sand washing into Botanical Club, v. 97, p. 105-108. Tkw L early X . . Qtl _lzl Z %ﬁ?% R WA A TQQ) " = |C
(2018); and (3) the sands in the Potomac Formation (Kp in table 1), known as the lower valleys increased, producing the terrace deposits. Some of the deposits may have been Carter, C. H., 1978, A regressive barrier and barrier-protected deposit: depositional — — — % Tg UPLAND GRAVEL, HIGH PHASE—Fine-to-coarse sand, clayey in places; The Weno_nah Is of Late_ Cretaceou_s (late Campanian) age based on calcareous ,'* JL*\\'\*‘\;:A 2 $ /,,/'/ Qtu
Potomac-Raritan-Magothy aquifer of Zapecza (1989) and the Potomac aquifer system of laid down during periods of temperate climate when sea level was high, because down- environments and geographic setting of the late Tertiary Cohansey Sand: Journal UNCONFORMITY ~Oligocene Browns pebble gravel; trace fine cobble gravel; yellow, yellowish-brown, reddish-yellow. nannofossils and a strontium stable-isotope age of 74 Ma in the Medford corehole T i Qtl fi 71880 s )\ ’ "\C,’/
Sugarman and others (2018). The upper sand of the Englishtown aquifer is tapped by stream in the Rancocas valley the upper terraces grade to the Cape May Formation, unit 2 of Sedimentary Petrology, v. 40, p. 933-950. Ter 1 7] 2 As much as 25 feet thick. Sand is chiefly quartz with minor weathered chert. (Sugarman and others, 2010). /) i h 7’\ E %, 4/ 47. ot
three wells near Browns Mills (wells 11, 36, and 57 in table 1) at depths between 400 and estuarine terrace in the Willingboro area, 15 miles west of the town of Browns Mills. This deVerteuil, Laurent, 1997, Palynological delineation and regional correlation of lower - middle 530 o A X Gravel is chiefly quartz with a trace of weathered chert. Nonstratified to horizon- - MARSHALLTOWN FORMATION—GIauconite. greenish-black. with clave . 1 atll @\‘ 7’>¢T,'hs¥ /
500 feet. The Magothy aquifer is at depths between 600 and 700 feet in the northwestern topographic equivalence indicates that some of the upper terrace deposits aggraded during through upper Miocene sequences in the Cape May and Atlantic City boreholes, UNCONFORMITY ] ‘V ——— tally stratified, cross-bedded in places. Cross-beds are commonly tabular-planar. ; ; AP g ' y y ) 0 U5 Qtl /) N J
. ! ) " . v AR ; L s Creek A ! DTN . silt, pyrite, shell fragments, and traces of fine-to-medium quartz sand, dark green L e A\ 2% tl
part of the quadrangle, deepening to between 900 and 1,000 feet to the southeast (Sugar- the sea-level highstand at 125 ka, when unit 2 of the Cape May Formation was deposited New Jersey Coastal Plain, in Miller, K. G., and Snyder, S. W.,, eds., Proceedings of — Eocene e Rancoca Hardened or cemented by iron-oxide deposition in places (fig. 9). Caps uplands ish-gray. Contact with the underlying Englishtown Formation is unconformable AR SeQtl 8
man and others, 2018). It is not tapped in the quadrangle. The Potomac aquifer sands are (Stanford and others, 2016). the Ocean Drilling Program, Scientific Results, v. 150X: College Station, Texas, md - early - PALEOGENE e and hilltops above 130 feet in elevation. and exténsivel burrowed: wood and sand from the Englishtown are reworked <N Gy "“ .
between 750 and 1,100 feet in depth to the northwest, where they are tapped by wells 1 Ocean Drilling Program, p. 129-145. UNCONEORMITY _ | . into the basaIyMarshaIItc;wn The contact is marked gb a sharply reduced 7 Ot
and 218, and thicken and deepen to between 1,300 and 2,000 feet to the southeast (Sugar- Upper terraces cross present-day drainage divides in several places (green arrows on fig. Fiore, A. R., 2019, Regional hydrostratigraphic framework of Joint Base McGuire- _ Tehs | COHANSEY FORMATION—Includes two facies: sand (Tchs) and clay-sand mma-rav response in the Enalishtown. Maximum thi kny 25 f ‘Hn bsur ] 2 |
man and others, 2018). Sand in the Vincentown Formation (Tvt) is a minor aquifer to the 2). South of Mount Misery the upper terrace crosses the divide between the South Branch Dix-Lakehurst, New Jersey, in the context of perfluoroalkyl substances contamina- Tvt - late \%’\.ﬂg. 4 (Tehc). The sand facies consists of fine-to-medium sand, some very fine sand and ?:ce osl- dy response In the Englishiown. iaximum thickness £5 TEet. I subsdr- 1
north and west of the quadrangle (Sugarman and others, 2018; Fiore, 2019). This aquifer of Mount Misery Brook and the Gum Spring and McDonalds Branch valleys. This pattern tion of groundwater and surface water: U. S. Geological Survey Open-File Report UNCONFORMITY \\ Tche medium-to-gzoarse sand, minor very coarse sangl to very fine. pebbleg, trace Y- = = Bt
may extend into the northwestern corner of the quadrangle, but the sand thins and pinches indicates that the North, Middle, and South branches of Mount Misery Brook flowed 2019-1134, 42 p. . - Paleocene q flne-to-medlum.pebbles; very pale b_rown, brownish-yellow, white, r_edd|sh-ye_l- The Marshalltown is of Late Cretaceous (Campanian) age based on calcareous © Q¢ 'ﬁn.:‘
out and the formation is dominantly fine-grained downdip to the southeast (Fiore, 2019). eastward into the Gum Spring and McDonalds Branch valleys during deposition of the Florer, L. E., 1972, Palynology of a postglacial bog in the New Jersey Pine Barrens: Tht - early | low, rarely reddish-brown, red, and light red; as much as 110 feet thick. Sand is nannofossils and a strontium stable-isotope age of 76 Ma in the Medford corehole x S3 =L 3
It is tapped by very few, if any, wells in the quadrangle. The Kirkwood and Cohansey upper terrace. This flow was captured by Mount Misery Brook east of Mount Misery Bulletin of the Torrey Botanical Club, v. 99, p. 135-138. well-stratified to unstratified (fig. 7); stratification ranges from planar, horizontal (Sugarman and others, 2010). o S Qe5/QtS \573\\ == e £ 01 _
formations lack thick, continuous clays and are an unconfined aquifer system. The deeper during Wisconsinan incision. The extent of this incision is shown with black lines on French, H. M., and Demitroff, M., 2001, Cold-climate origin of the enclosed depressions UNCONFORMITY 7 I T ) lamination to thin beds with subhorizontal planar to low-angle cross-bedding, to wm : da Qe T E\\S Q
aquifers are confined by fine-grained beds in the Shark River (Tsr), Manasquan (Tma), figure 2. This capture was facilitated by a thick clay-sand bed in the Cohansey Formation and wetlands (“spungs”) of the Pine Barrens, southern New Jersey, USA: Perma- - | Maastrichtian thick beds with large-scale trough cross-bedding. Sand is quartz with as much as Ket | ENGLISHTOWN FORMATION—The Englishtown Formation in the map area = Q A\ R LAY =
Hornerstown (Tht), Navesink (Kns), Wenonah (Kw), Marshalltown (Kmt), Woodbury at a depth of 30 to 50 feet below the lowland northeast of Mount Misery Brook, which is frost and Periglacial Processes, v. 12, p. 337-350. 5% opaque-mineral grains (mostly ilmenite) (Minard and Owens, 1963); includes an upper and lower sand separated by a clayey silt (between the dashed Qe AN 3 - <
(Kwb), Merchantville (Kmv), and Raritan (Kr in table 1) formations. shown on cross section CC’ and on cross sections in the Whiting quadrangle to the east Greller, A. M., and Rachele, L. D., 1983, Climatic limits of exotic genera in the Legler UNCONFORMITY h coarse-to-very coarse sand may include as much as 5% weathered chert and a tielines on cross section BB”). The clay and upper sand are informally referred to A \\ AN . Qe;; . "
(Stanford, 2016). As streams in this lowland, including the downstream reach of Mount palynoflora, Miocene, New Jersey, USA: Review of Paleobotany and Palaeoecolo- trace of weathered feldspar. Coarse-to-very coarse sands commonly are slightly as the “upper Englishtown Formation” and the lower sand is referred to as the 5| A NN |
Sand and gravel were dug for construction use and for fill at many places in the quadran- Misery Brook, incised during the Wisconsinan, this clay bed impeded downward ground- gy, V. 40, p. 149-163. Kml clayey; the clays occur as grain coatings or as interstitial infill. This clay-size “lower Englishtown Formation” by Sugarman and others (2010). The sands Q5 Qe | \ Y Qu |4
gle. The location of these pits is shown with symbols and purple outlines on the map. water flow in the Cohansey, instead directing flow above the clay laterally and thereby Kasabach, H. F., and Scudder, R. J., 1961, Deep wells of the N. J. Coastal Plain: N. J. Kw 4% material is from weathering of chert and feldspar rather than from primary consist of fine-to-medium quartz sand, slightly feldspathic, micaceous, lignitic, ,;"' () X ?;7
Most pits are in upland gravels (Tg and TQg) and the Cohansey Formation, sand facies increasing streamflow. Active seepage at the edge of the incised Mount Misery valley east Geological Survey Geologic Report Series 3, 52 p. 2 deposition. Pebbles are chiefly quartz with minor gray chert and rare gray quartz- and glauconitic, interbedded with thin, dark-gray, micaceous, woody, clay-silt. sLg | b\ (AN | —
(Tchs). A few are in the Kirkwood Formation (Tkw), although it is generally too of Mount Misery, marked by well-developed seepage theaters (fig. 3), record this ground- Miller, K. G., Browning, J. V., Schmelz, W. J., Kopp, R. E., Mountain, G. S., Wright, J. - - Campanian & ite. Some chert pebbles are light gray, partially weathered, pitted, and partially The clayey silt unit between the upper and lower sands is dark greenish-gray, - \\\}: I v = f
fine-grained for construction uses. Some small pits are in eolian sand (Qe), particularly water discharge. South of Mount Misery the clay-sand bed is not present (cross sections D., 2020, Cenozoic sea-level and cryospheric evolution from deep-sea geochemi- | Late | CRETACEOUS s, Presidenial decomposed; some are fully weathered to white clay. In a few places, typically micaceous, slightly glauconitic and lignitic and contains minor very fine-to-fine \‘\ 3 — It
near Whitesbog and McDonald, where the sand was used to build dikes for cranberry AA’ and BB’) and thinner, more discontinuous clays higher in the Cohansey and in cal and continental margin records: Science Advances, v. 6, eeaz 1346, 15 p. UNCONFORMITY o, N Tebanon above or below clayey strata, sand may be hardened or cemented by iron oxide, quartz sand. The clayey silt unit is defined on gamma-ray logs by an elevated \ TS N\
bogs. No pits were active at the time of mapping, except to provide small volumes for outcrop (fig. 1) lie mostly above the limit of Wisconsinan incision and intercept less Miller, K. G., Mountain, G. S., Wright, J. D., Browning, J. V., 2011, A 180-million-year Ket 8o form_mg reddl_sh-brown hard sands or ironstone masses. The clay-sand facies response that is sharply higher than that in the sands above and below. Maximum 3 > \\\ " v
occasional minor road and dike repairs. groundwater from smaller catchment areas. record of sea level and ice volume variations from continental margin and deep-sea \a consists of white, yellow, and red clay in horizontal beds between 0.5 and two feet thickness of the upper sand is 50 feet. Maximum thickness of the clayey silt is R Qe Qal (E\\
isotopic records: Oceanography, v. 24, no. 2, p. 40-53. Kwb - _ thick (fig. 9), interbedded with fine-to-medium sand and clayey, very fine-to-fine also 50 feet. Maximum thickness of the lower sand is 30 feet. Maximum total N { e4/Qu 3 ;
COASTAL PLAIN BEDROCK FORMATIONS In one place, though, this higher clay may have facilitated another stream capture like that Miller, K. G., Rufolo, S., Sugarman, P. J., Pekar, S. F., Browning, J. V., and Gwynn, D. W., sand in thin horizontal beds as much as eight inches thick (fig. 10). Rarely, the thickness of the Englishtown is about 100 feet. Contact with the underlying - X \‘\\- N\ <\
at Mount Misery. The upper terrace crosses the McDonalds Branch-South Branch divide 1997, Early to middle Miocene sequences, systems tracts, and benthic foraminifer- - Santonian- 3510 clay is organic-rich and black or dark gray. Organic clay was not observed in clayey Woodbury Formation is gradational and is marked by sharply increased b Qes/Quu ‘\‘?l, S AN
Unconsolidated marine and marginal-marine sediments ranging in age from Early in the southeastern corner of the quadrangle (fig. 2), indicating that McDonalds Branch al biofacies, New Jersey coastal plain, in Miller, K. G., and Snyder, S. W., eds., UNGONFORMITY - Coniacian- RO outcrop in the quadrangle but is reported in a few well records (abbreviated gamma-ray response in the Woodbury. In subsurface only. NN 1/ s
Cretaceous to middle Miocene form the bedrock in the quadrangle. Stratigraphic captured part of the South Branch drainage during Wisconsinan incision. The outcropping Proceedings of the Ocean Drilling Program, Scientific Results, v. 150X: College Turonian “Tcheo” in table 1). The sand within the beds may be laminated and low-angle . o i § AN ( .
coreholes drilled at Medford, 14 miles southwest of Browns Mills (Sugarman and others, clay bed near the capture site intercepted groundwater from the adjoining Neogene Station, Texas, Ocean Drilling Program, p. 169-186. Kmg o cross-bedded. Kaolinite is the dominant clay-sized mineral. The clay-sand facies The Englishtown Formation is Late Cretaceous (Campanian) age based on calcar- L Qeb & ;
2010) and at Double Trouble, 20 miles east of Browns Mills (Browning and others, 2011), uplands (gray areas on fig. 2), increasing streamflow in McDonalds Branch as it incised. Miller, K. G., Sugarman, P. J., Browning, J. V., Pekar, S. F., Katz, M. E., Cramer, B. S., | | _| is as much as 30 feet thick but more commonly is less than 10 feet thick. These eous nannofossils and strontium stable-isotope ages of 76-78 Ma in the Medford \ Qe L~ £ 7“\ -
provide detailed descriptions and age control for these sediments. The deposits are classi- Monteverde, D., Uptegrove, J., McLaughlin, P. P., Jr., Baxter, S. J., Aubry, M.-P., o clay-sand beds form strata within the thicker sand facies. They occur mostly in corehole (Sugarman and others, 2010). \— N Vo,
fied into 16 formations based on lithology and age. From oldest to youngest they are: the Another capture occurred along the northern edge of the quadrangle, where a tributary of Olsson, R. K., VanSickel, B., Metzger, K., Feigenson, M. D., Tifflin, S., and the southeastern half of the quadrangle and have a lateral extent of as much as five kwb | WOODBURY FORMATION—CIay and silt. some very fine sand. dark aray to QAT ot
Potomac Formation of Early Cretaceous and earliest Late Cretaceous age; the Raritan, Jacks Run intercepted a stream that formerly flowed south to the east of the Jacks Run McCarthy, F., 2001, Ocean View site, in Miller, K. G., Sugarman, P. J., Browning, _ _ - . . . - miles, including their continuation in areas adjacent to the quadrangle (Stanford, " black with mica. and a few Iense: of finel dissemi%ted rite. li ni?e )z:md N TS X
Magothy, Merchantville, Woodbury, Englishtown, Marshalltown, Wenonah, Mount valley. Here, the Kirkwood Formation, which crops out in the Jacks Run valley (fig. 1) but J. V., and others, eds., Proceedings of the Ocean Drilling Program, Initial Reports, eolian deposits !'r?g:tsgnw'sconsman former stream drainage d”e(_’t'on' 2016). The contact with the underlying Kirkwood Formation is marked by a siderite Bedding’ is nonstratified to finely Iz:,minated with aIFt)grnat‘ingglayérs of R %Ik AL - - 7 1P |98 ¢ _
Laurel, and Navesink formations, all of Late Cretaceous age; followed by the Horner- not in the shallower valley to the east, may have impeded and directed groundwater into v. 174AX (Supplement 2): College Station, Texas, Ocean Drilling Program, 72 p. Neogene upland  __ precentday streams . UPPer tefrace deposits (Qtu) change from coarser sand in the Cohansey to very fine-to-fine sand in the very fine sand and clay-silt, As much as 120 feet thick, Grades downward into the 9Qe3/TQy N \ ¥ = o / N e \ = e A T . AN SV Gl : tl Qrtf _ NQeaQg)
stown, Vincentown, Manasquan, and Shark River formations, all of Paleogene age; the tributary to Jacks Run during Wisconsinan incision in a manner like that in the two Minard, J. P., and Owens, J. P., 1963, Pre-Quaternary geology of Browns Mills quadran- 0 1 roads — upland gravel, lower phase (TQg) Kirkwood and an increased gamma-ray response in the Kirkwood on geophysical glauconitic Merchantville'Formation This transitioﬁ is marked by a slightly A2 Lookout o (O A W . 2 S — P | ' ,,'" .‘ ty ° N \E 55’
followed by the outcropping Kirkwood and Cohansey formations of early and middle instances described above. gle, New Jersey: U. S. Geological Survey Geologic Quadrangle Map GQ 264, BT — 10.3ka. radiocarbon date —» upland gravel, high phase (Tg) logs, although these changes are not observed everywhere. increased gamma-ray response in the Merchantville. In subsurface only. S5Tou R sower % I\‘\ - R 15975, . | Prestomital, 1 o i {‘. 13 R LS Y
Miocene age. The Potomac Formation, which was penetrated in two wells in the quadran- scale 1:24,000. ) . . . . L . . Y R 2 TChsl Qtl N QS e 7 TQg™ & ‘ | Bi% | Qtl Qtl-~ \/v 12 /\\ Qtl ™% S
gle (1 and 218 in table 1), consists of interbedded sand and clay of fluvial origin (Sugar- Lower terrace deposits (Qtl) form terraces with surfaces generally less than 15 feet above Owens, J. P., and Minard, J. P., 1975, Geologic map of the surficial deposits in the Trenton Figure 2. Geomorphic features, extent of eolian deposits, and former drainage directions of streams ;O”eB” and d:\r)lgrllagellz(ajtes frlom t(:‘_e iOhanS?gdfOItlecltetd dl\(/’l‘_"’”d'p to the SOULh IOf The Woodbury is of Late Cretaceous (Campanian) age based on calcareous sQeuy  ° N A STy O SRS / : . 1 T o Qu ’>§/\>\ N
man and others, 2010). The Raritan and Magothy formations, which were penetrated by present-day floodplains. They formed from stream and spring-seepage erosion of the area, New Jersey and Pennsylvania: U. S. Geological Survey Miscellaneous Ln thﬁ Browns '\f/':”S quadrangle. Black lines ShOIW the limit of Vlvlscor]smlan valley incision as ma:ked e Browns Mills quadrangle indicate a middle to late Miocene age (Rachele, nannofossils in the Medford corehole (Sugarman and others, 2010). 3 . otl S P @150 9142 S Qe N (0 e - Qu \e5 7 UNETRL S s Qt
three wells (1, 190, and 218 in table 1), consist of silty clay and sand, respectively, depos- upper terrace deposits, and, in places, older deposits, chiefly during the last period of cold Investigations Series Map 1-884, scale 1:48,000. y the extent of lower terrace deposits (unit Qtl). Neogene uplands include areas capped by upland 1976; Greller and Rachele, 1983; Owens and others, 1988; deVerteuil, 1997; 5 T -~ WA L 2 4 Qe4rtQg (A o7 N - - 8 S BN
oo . ; . ; ; . > ravels (units Tg and TQg). Radiocarbon date is in calibrated years and is from Buell (1970). Miller and others, 2001). The updip Cohansey like that in the quadrangle is likely _ ita i i i h Qtl PR RSN ) OV YA 4 = 250 6 \ << ) Vs
ited in coastal swamp, estuarine, and back-bay settings (Sugarman and others, 2010). The climate corresponding to the late Wisconsinan glacial stage between 33 and 11 ka. Small Owens, J. P., Bybell, L. M., Paulachok, G., Ager, T. A., Gonzalez, V. M., and Sugarman, g : i X e ; - MERCHANTVILLE FORMATION—Glauconite interbedded with micaceous ) ORI P N 7Tk . 10 35 i / | r P é
Upper Cretaceous formations above the Magothy record three shallowing-upward marine valleys on uplands that contain thin deposits of sand and gravel (Qald) and that do not P.J., 1988, Stratigraphy of the Tertiary sediments in a 945-foot-deep corehole near no_younger than middle Miocene (see discussion in “Coastal Plain Bedrock clayey silt and minor fine quartz sand, black to olive-black. Extensively burrowed A4 N RN - eelu B 2%, / ¢ e4/Qt‘us—,, e 5o’ Qes/Qty - - L ;1;‘;55 AN TQg:. B’
sequences consisting of a basal clayey glauconite deposited on the continental shelf, conduct water under present-day conditions, lead out onto lower terraces in places and are Mays Landing in the southeast New Jersey Coastal Plain: U. S. Geological Survey Formations” section of the map text, above). and bioturbated, siderite-cemented layers are common. As much as 50 feet thick. Deéep Mol Se /) QM /AN N N N TQg \} N i S ealns \ S -TQg & A rrons
overlain by inner-shelf silt and clay and capped by delta-front sand. These sequences likely of the same age. Organic-rich clayey fine sand within lower terrace deposits in the Professional Paper 1484, 39 p. Tkw | KIRKWOOD FORMATION—Very fine-to-fine quartz sand and clayey silt, Contact with the underlying Magothy Formation is unconformable and is marked | . otl VR > S i A ,/7" e o Ch;;\‘“”*g,/’ i s A Qt\ LA\ y‘/Qeé’.
record sea levels in the New Jersey region that ranged up to 150 feet above that at present headwaters of the Burrs Mill Brook valley in the Chatsworth quadrangle about three miles Owens, J. P., Sugarman, P. J., Sohl, N. F, Parker, R. A., Houghton, H. F., Volkert, R. A, minor coarse sand and fine gravel: light gray, gray, dark gray, very pale brown, by sharply decreased gamma-ray response in the Magothy. In subsurface only. ) 'f’f&( - - O ezt _ =N tu 8 29
(Miller and others, 2011). The Merchantville, Woodbury, and Englishtown formations south of Four Mile yielded a radiocarbon date of 20,350+80 yrs BP (Beta 309764) Drake, A. A., Jr., and Orndorff, R. C., 1998, Bedrock geologic map of central and brown. Sand is nonstratified to laminated (fig. 11). Sand consists chiefly of The Merchantville is of Late Cret Santonian.C . hased S8 «’IE A N 8’% */ TQg
form one sequence; the Marshalltown, Wenonah, and Mount Laurel formations form the (24.2-24.7, median 24.4, calibrated ka), indicating deposition in the late Wisconsinan southern New Jersey: U. S. Geological Survey Miscellaneous Investigations Series quartz, with some (5-10%) mica and lignite and minor feldspar and opaque heavy Ie erchantvi fe 'S.IO . ?he Mre da;cegus ( r? nl onéan- ampanlgn)t;ge ;3;0 on ‘
second sequence (Owens and others, 1998). The Englishtown Formation in the quadran- (Stanford, 2012). (All radiocarbon dates are calibrated using Reimer and others (2020) Map 1-2540-B, scale 1:100,000. minerals. Pyrite is common in lignitic and organic-rich beds. Clay minerals calcareous nannofossils in the Medford corehole (Sugarman and others, )
gle and surrounding areas consists of a lower sand, a middle silt and clay, and an upper and the Calib 8.20 computer program. Calibrated dates are stated with two-sigma uncer- Rachele, L. D., 1976, Palynology of the Legler lignite: a deposit in the Tertiary Cohansey include kaolinite, illite, and illite-smectite. At the base of the Kirkwood a bed of Kmg | MAGOTHY FORMATION—Quartz sand and clay, thin- to thick-bedded. Sand
sand. The middle clay and upper sand define a subsidiary shallowing-upward sequence tainty.) Organic silt at the base of lower terrace deposits east of the quadrangle in the Formation of New Jersey, USA: Review of Palaeobotany and Palynology, v. 22, p. coarse glauconitic quartz sand, with granules and a few shark teeth, typically two is light gray to gray and brownish-gray; clay is olive-black to grayish-black.
within the second sequence (Owens and others, 1998; Sugarman and others, 2010). The Manasquan and Metedeconk river valleys yielded radiocarbon dates of 29,050+150 yrs 225252, . to three feet thick, rests unconformably on the Shark River or Manasquan forma- Bedding in sands is horizontally laminated to large-scale cross-bedded. The sand
Navesink Formation is the uppermost Cretaceous unit in the map area and is a glauconitic BP (Beta 471459) (33.1-34.1, median 33.6, calibrated ka) from a site near Siloam in the Reimer, P. J., Austin, W. E. N., Bard, E., Bayliss, A., Blackwell, P. G., Bronk Ramsey, C., . ] _ _ . ] tions. Maximum thickness 160 feet. The contact with the underlying Shark River is fine to very coarse, well sorted within each bed, predominantly quartz, and
clay-silt that is the basal unit of a third shallowing-upward sequence. The inner-shelf silts Adelphia quadrangle and a date of 35,570+3,180-2,270 (GX-24257) (33.5-49.8, median Butzin, M., Edwards, R. L., Friedrich, M., Grootes, P. M., Guilderson, T. P, Figure 3. Hillshade image showing seepage theaters in the Mount Misery Brook Formation is marked by a decrease in gamma-ray response on geophysical logs, includes mica, lignite, and minor feldspar. Pyrite-cemented and pyrite-coated
and delta-front sand of this sequence are represented by the lower and upper Red Bank 39.6, calibrated ka) from asite near Farmingdale in the Farmingdale quadrangle (Stanford Hajdas, 1., Heaton, T. J., Hogg, A. G., Kromer, B., R_lchards, D. A, Scott, E. M., Valltt:]y. _ﬁ thIfCtI?] clayl-lsan_d tt)r?d in th? Cccj)hansedeorTat_IOtn ';1:] Sha||||0W d%pth r?n the and by drillers” descriptions of “green marl” or *“green clay” below brown, gray, sand concretions are common. Identified on gamma logs as a series of thick sands
and Tinton formations, which crop out to the northeast of the quadrangle but are absent and others, 2002). These dates confirm deposition of the overlying terrace sediments in Southon, J. R., Turney, C. S. M., Wackler, L., Adolphi, ., Buntgen, U., Fahmi, S., north side ot the valley In this aréa Teeas groundwater Into the valley and ennances and black colors in the Kirkwood. The contact with the underlying Manasquan with low response and thin interbedded clay-silts with high response. Uncon-
from the map area and areas to the south (Owens and others, 1998). The Paleogene forma- the late Wisconsinan. As with the upper terrace deposits, permafrost and tundra vegetation Fogtman-Schulz, A., Kohler, P., Kudsk, S., Miyako, F., Olsen, J., Sakamoto, M., seepage erosion. Meander scars to the west may also be partly the product of Formation is marked by an increase in gamma-ray response at the top of the formablv overlies the Raritan Formation. Contact with the Raritan is marked b
tions are primarily silt-clay and glauconite shelf deposits that record sea levels in the New led to an increase of sediment entering valleys. This influx led to the development of Sookdeo, A., and Talamo, S., 2020, The IntCal20 and northern hemisphere seepage erosion. Upper and lower terraces and dunes are also visible. Area of Manasguan on geophysical logs. sharply )i/ncreased gamma-ray response in the Raritan. Maximum thickness 14%,
Jersey region that were persistently between 150 and 300 feet higher than at present shallow braided channels (blue lines on map) on the lower terrace as streams were radiocarbon age calibration curves (0-55 cal kB): Radiocarbon, v. 62, doi: ;!"age ﬁghowp 0”;'?”8 2. Hillshade image is from NJDEP LIDAR (Light Detec- feet. In subsurface only '
(Miller and others, 2020). clogged with sand, causing channels to branch and shift. 10.1017/RDC.2020.41. ion and Ranging) data. The Kirkwood, as revised by Owens and others (1998), includes, in ascending ' '
Stanford, S. D., 2000, Geomorphology of selected Pine Barrens savannas: report prepared order, an unnamed lower member (equivalent to the Brigantine Member of Miller The Magothy is of Late Cretaceous (Turonian-Coniacian) age based on pollen in
The Kirkwood and Cohansey formations of early and middle Miocene age are the only Lower terraces include broad wetlands in headwater areas like the Jade Run valley on the for the N. J. Department of Environmental Protection, Division of Parks and and others, 1997 or sequence Kwla of Sugarman and others, 1993), the Shiloh the Medford corehole (Sugarman and others, 2010).
outcropping bedrock formations in the quadrangle. The Kirkwood Formation is silt and western side of the quadrangle, the lowland south of Mirror Lake, the Bucks Cove Run Forestry, Office of Natural Lands Management, 10 p. and appendices. Marl Member (equivalent to sequence Kw1b of Sugarman and others, 1993), the
very fine-to-fine sand deposited in inner-shelf and delta-front settings (Browning and and Cranberry Brook valleys around Whitesbog, the headwaters of Baffin Brook Stanford, S. D., 2010a, Onshore record of Hudson River drainage to the continental shelf Wildwood Member (equivalent to sequence Kw2 of Sugarman and others, 1993), MAP SYMBOLS
others, 2011) and the overlying Cohansey Formation is a coarser sand, with thin discon- southeast of Route 70 on the eastern side of the quadrangle, and the McDonalds Branch, from the late Miocene through the late Wisconsinan deglaciation, USA: synthesis Figure 4. Hillshade image showing fluvial landforms and dunes in the Greenwood and the Belleplain Member (equivalent to sequence Kw3 of Sugarman and others,
tinuous clay beds, deposited in beach and back-bay environments (Carter, 1978). These Cooper Branch, and Shinns Branch valleys upstream of Lebanon Lake in the southwest- and revision: Boreas, v. 39, p. 1-17. Branch and Bisphams Mill Creek valleys. Braided channels scribe the surface of 1993). Both the unnamed lower member and the Shiloh Marl Member are clayey ———  Contact of surficial deposits—Solid where well-defined by landforms as visible A
deposits record sea levels in the New Jersey region generally less than 200 feet above that ern part of the quadrangle. In these areas the lower terraces are inset generally less than Stanford, S. D., 2010b, Geology of the Woodmansie quadrangle, Burlington and Ocean the lower terrace. Fluvial scarps, abandoned meanders, and terrace fragments were at the base and sandy at the top, a pattern that is evident on some of the =~ -———- on LiDAR imagery, long-dashed where approximately located, short-dashed Mil
at present (Miller and others, 2020). The Cohansey-Kirkwood contact is generally consid- five feet into upper terraces and present-day floodplains are likewise inset only one to counties, New Jersey: N. J. Geological and Water Survey Geologic Map Series formed by downcutting into the lower terrace to form the low-phase terraces and gamma-ray geophysical logs in the Browns Mills quadrangle. The unnamed ~  —— where gradational or featheredged, dotted where removed by excavation. i ;t; Ny
ered to be an unconformity (Minard and Owens, 1963; Owens and others, 1998; Brown- three feet into the lower terraces. The lower terraces in these headwaters were formed GMS 10-2, scale 1:24,000. the modern floodplain. Dunes on the upper terrace were truncated by erosion lower member and Shiloh Marl Member are approximately 21-19 million years oy A ! \, { é{gé/‘"ﬁa' g
ing and others, 2011) but regional lithologic and stratigraphic relationships suggest that chiefly by spring-seepage erosion of the upper terrace. In some places this erosion is Stanford, S. D., 2012, Geology of the Chatsworth quadrangle, Burlington County, New during downcutting. Area of image is shown on figure 2. Hillshade image is from old (early Miocene), the Wildwood member 18-15 million years old (early to === = Contact of bedrock formations—Approximately located. Dotted where concealed N e L)
the updip parts of the Cohansey like that in the Browns Mills quadrangle may be enhanced by the presence of low-permeability sediments at shallow depth, such as silty Jersey: N. J. Geological and Water Survey Open-File Map OFM 97, scale NJDEP LiDAR data. middle Miocene), and the Belleplain Member 13 million years old (middle =~ =°"7"°°" by surficial deposits.
age-equivalent to the upper beds of the Kirkwood downdip, with the Cohansey sediments fine sand of the Kirkwood Formation in the Jade Run valley and Mirror Lake area and 1:24,000. Miocene) (Miller and others, 1997). Regional mapping of these members . . .
being the coastal facies and the Kirkwood sediments being the corresponding inner-shelf clay beds of the Cohansey Formation in the Whiteshog area, the Baffin Brook valley, and Stanford, S. D., 2014, Geology of the West Creek quadrangle, Ocean County, New Jersey: (Owens and others, 1998) indicates that only the lower member is present in the Tkw  Concealed bedrock formation—Covered by surficial deposits. LR QiSEZAL L 2% oy g N\ a4
facies (Stanford, 2014, 2021). In the quadrangle, very fine-to-fine sand typical of the parts of the Shinns, Cooper, and McDonalds Branch valleys. This seepage continues N. J. Geological and Water Survey Open-File Map OFM 103, scale 1:24,000. quadrangle, while the Shiloh Marl, Wildwood, and Belleplain Members are . Material penetrated by hand-auger hole, or observed in exposure or excavation—
Kirkwood is common in the Cohansey (green dots on fig. 1), even well up-section from today at the contact of the lower and upper terraces, which generally corresponds to the Stanford, S. D., 2016, Geology of the Whiting quadrangle, Ocean and Burlington R present only downdip to the south and east of the quadrangle (Sugarman and e Number indicates thickness of surfic’ial material, in feet, where penetrated
the mapped contact, suggesting a gradational or interfingering contact of coarser beach transition from a dry upland supporting pine and oak forest on the upper terrace to a wet counties, New Jersey: N. J. Geological and Water Survey Open-File Map OFM MAP others, 1993). The Cohansey Formation in the quadrangle may be equivalent in Svmbols within surficial deposits without athickneés value i’ndicate that surficiai
and nearshore sand and fine inner-shelf sands. While most downhole gamma-ray logs lowland supporting pine, scattered cedar, and maple forest on the lower terrace. The 113, scale 1:24,000. AREA age to the upper members of the downdip Kirkwood, as discussed in the “Coastal QealQue m);terial is more than 5 feetpthick Where more than one unit was penetrated. the
(e.g., wells 10, 125, 186, 190, and 209 on the cross sections) show a distinct increase in present-day floodplain is wetter still and supports cedar and maple forest and marsh Stanford, S. D., 2021, Geology of the Atsion quadrangle, Atlantic and Burlington Plain Bedrock Formations” section above. Teee thickness (in feet) of the upper uﬁit is indicated next to its symbolpand the It;wer N
activity at the contact, indicating a sharp transition to finer sediments in the Kirkwood, grasses in the wettest areas. counties, New Jersey: N. J. Geological and Water Survey Open-File Map OFM i T : ; o
others do not (e.g., wells 67, 94, and 218), and the gamma-ray pattern within the two 134, scale 1:24,000. E;%gggdsis Znsdtraer;c:ngbrsxsIEﬁgrt]geCI;or\év:r:vtveorcr:jcgrI:r\]/th.h:Iso(-:te(%tilrll)t Isr | SHARK RIVER FORMATION—Very fine-to-fine quartz sand, slightly glauco- gg:)ttrl]s(ilEd;:;t)e(tiof;)r:leovmv;r:)gp;f(]ebseﬁlfgélf fg:lmmal:iec:nfo:\:gmlgr%é:f ilr?c\i,\ilsa:t:smtth:t :Eg
formations is not as consistent as in the older formations, indicating more lithologic low-angle cross-bedding in pebbly sand to the left of the shovel. nitic and micaceous, grading downward into clay-silt, greenish-gray to very dark surficial material is more than 5 feet thick. Svmbol “Tche” indicates an isolated
variability. For these reasons, the contact is likely, in part, gradational and the line shown Location shown on map and inset. Photo by S. Stanford, 2023. greemsh_-gray, fo_ssmferous, glauconlt_l ¢ (up to 15%), _sllghtly MIcaceouss, occurrence of Cohansey Formation. cla -s;.mg facies
on the map and cross sections should be considered as an approximation. A nonstratified to thick-bedded and extensively burrowed. Thin porcellanitic zones y » clay :
=1 o - are present in places. Glauconite is locally the dominant component in the lower 70 Thickness of surficial material—From Minard and Owens (1963), as observed in
Wi - S 10 feet. Calcareous mlcrofossns_ are abundan_t in the lower c!ay-sﬂt,_ small, sand and gravel pits.
© =5 L @ E g prgker_] mollusk s_hells are p_resent in the upper fine sand._ Clay mlnerals |n_clude
5 z % S z 5 é ] 8 n Ez: -1z 2 @ A |II_|te, |II|te-smect_|te, kaolinite, and minor am_ounts_of clinoptilolite. MaX|mur_n figure 6 o Photograph location. 39°52'30" - ’
A o 5 5 ol5 7Alz & 2 N ; g g E Al thickness apprommatt_aly 150 feet. The formation thickens to t_he southeast anq is _ _ ) ) &\ 74°37'30" 35 (CHATSWORTH)
ot o o9 2 : : @ el % o, Tt 0L il e g o Rdctbon e e sty o el (170 s A
o) o209 Qe Tg Qtu Tg tu T e S Figure 6. Former sand pit dug into a paleodune near Whitesbog. Photo A shows ’ ’ ! ! : : . - . s D> Topography compile . Planimetry derived from ] ‘
; ® & TQY Qtu Qals Qtu Tig Qald Qtu Qals Zals Qtu O;yjj\ww Qi Qals w Qu o Qa;s Qtl Qe Qtl Q?Is H%&E nonstratified to faintly thin-bedded fine-to-medium eolian sand (Qe) exposed in pit lower glauconite sand and pale-olive clay-silt of the Manasquan. It is marked by are \2/\(/)(3Ifgét,tei'i[s?%rfl?grz:]:t\?g:sgg:;g:?;tggsp?gcgg?g talb_lc;cixltlon cocurate o witin §® Qﬂ,%?;rnysta:g;dlﬁa?igtlfr Zc;l:gzieféw 12z SCALE 1:24 000 Cartography by . Stanford. 74{3%\
100 -3 3 [ T— Tchs ‘ \ ‘ J\NXL_:LL ' ‘ Tcl'h ) \T A 7L 100 wall at arrow. Location shown on map and inset. Photo by S. Stanford, 2023. iaslhlf(i)rpspfsl;ftj\:)es Sri_ifgcrzz;-rr]?y response in the lowermost Shark River on geophysi- N Boundariis verifiod 19998_9 y . A1 1 . . . I . . 0 1 MILE Research supported by the U. S. Geological Survey, National Cooperative V]
< Tchs  Tehe E« “ - Tehe chs  Tehs gs. Y. 147 Well or test boring showing formations penetrated—Location accurate to within North American Datum of 1927. A |5 1000 o 1000 2000 2000 2000 =000 5000 7000 FEET " _Geologlg Mapl?lng Program, under USGS award number G22AC00375.
Tchs Tchs P : . 500 feet. List of formations penetrated provided in table 1. °\ Iz Em=m= —_— — — ) e views and conclusions contained in this document are those of the author
(- I— Tche Calcareous nannofossils, dinocysts, and planktonic foraminifers from the Double 2\|2 1 5 0 1 KILOMETER and should not be interpreted as necessarily representing the official policies,
SEA _| <] % | SEA Trouble corehole indicate the Shark River is middle Eocene (Browning and 21? Gamma-ray log—On sections. Radiation intensity increases to right. 3 I j either expressed or implied, of the U. S. Government.
LEVEL ; Tkw = LEVEL others, 2011). Foraminifers identified by J. V. Browning (written communication,
& Tkw 1997) at five depths in the Shark River in well 190 at New Lisbon State School . Head of seepage valley—L.ine at top of scarp at head of small valleys and embay- ASEPSS ﬁ%’?&ﬁ %593” NATIONAIf: gENgggﬁéNJERR%é;iODZEEJT\A OF 1929 h(é(\/:vAJTllch)e,\éllz'\\l(
~ 100 £ { Tkw | 100 £ /—/\/\,\,N/J\/ near Four Mile (arrows on cross section AA’) also indicate a middle Eocene age. - ments on hillsides formed by seepage erosion. '
—
ﬁ §> TSt E Tmgq | MANASQUAN FORMATION—Clay-silt, minor very fine quartz sand, ~—Z__ Abandoned channel—Line in bottom of braided and meander channels on terrac-
= ﬁ;  Tsr = dulsky-yelIow-grierl.ft.odpflethglﬁ Zr(;ddgraylshf-_green, dextenswel?/ byrr?vgeq, es. H
(ST S— Tt > L o calcareous, nonstratified to thick-bedded; very fine sand is cross-laminated in
'<>T: 200 b 9 — Tsr 200 ';: p|aces. Fine g|auconite is commomy dispersed throughout the c|ay-si|t matrix. / Dry v_alley—Line _in bOtt_Om of narrow incised channels and hillside gullies with G EO L O G Y O F T H E B ROWN S IVI I L L S Q UA D RA N G L E
w [— Tvt @ Clay minerals include illite, illite-smectite, and minor clinoptilolite. In the no evidence of active drainage.
w ht w Double Trouble corehole, silica-cemented porcellanite zones are common . . .
-300 — —-300 (Browning and others, 2011). The contact with the underlying Vincentown "X Fluvial scarp—Line at top of scarp, ticks on slope. B U R L I N GTO N A N D OC EA N CO U NTI ES 1 N EW J E RS EY [ |
’1__ N Formation is generally marked by a sharp positive response in the lowermost ~~_r Dune ridge—Line on crest of dune
= Kml MAP Manasquan on gamma-ray logs. Otherwise the formation, in general, has a ' By
-400 — -400 AREA neutral response on the gamma-ray log, not reflecting the dominant clay-silt \ Paleocurrent direction—Arrow indicates direction of stream flow as inferred
- Figure 7. Sand and gravel of the upper terrace (Qtu, above line) lithology. Maximum thickness 70 feet. In subsurface only. from dip of planar cross beds observed at point marked by “x” Scott D. Stanfo rd
500 | 500 ?zllcei[e sﬂ(nTeéﬁg)_mﬁgltho 3\?-2?1 (I);" ;?gssct()):éigisney aizrm?:]l(;r&,b;g?ﬁ Calcareous nannofossils and planktonic foraminifers in samples from the Double %% Shgllow topographic basip—Line at rim, pattern in basin. Inc_Iudes thermokarst 2023
Ket Note: Well 190 continues to a depth of 1,025 feet tal bedding in th g ¢ st gb tact. Th Trouble corehole indicate that the Manasquan is early Eocene (Browning and basins formed from melting of permafrost and a few deflation basins, where
(elevétion 920 feet) Formationspbelow elevation zontal bedding In the upper terrace just above contact, 1he others, 2011). Foraminifers identified by J. V. Browning (written communication, adjacent to eolian deposits, formed from wind erosion.
/ -9t )- Cohansey sand is generally nonstratified here. Location shown £ le of the Manasquan in well 190 (arrowed on cross section
600 -600 feet are listed in table 1. 600 on map and inset. Photo by S. Stanford, 2023. 1957) from one samp q ] e - L
— , — ; — ; ; , ; AA) also indicate an early Eocene age. xcavation perimeter—Line encloses excavated area.
VERTICAL EXAGGERATION 10X  Note: Arrows next to well 190 show depths of foraminfer identifications by James V. Browning, Rutgers University (written communication, 1997). Some wells are projected a short distance to the line of section.
. a 2 Sand and gravel pit—Inactive in 2023.
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B T e e | 300 “ o -200 ™ — -200 % | map MAP
_______________________________ o L Kml o AREA o| AREA
____________________ Kml Figure 8. Sand and gravel of the upland gravel, Figure 9. Sand and gravel of the upland gravel, Figure 10. Interbedded fine-to-coarse sand Figure 11. Very fine-to-fine sand of the
-400 400 -300 — -300 lower phase (TQg) exposed in a former pit near high phase (Tg, above line) overlying clay of (yellow and orange beds) and thin clay (white Kirkwood Formation (Tkw) in a streambank
] Mount Misery. Planar cross-bedding just above the Cohansey Formation, clay-sand facies beds) of the Cohansey Formation, clay-sand near Mirror Lake. The Kirkwood here is largely
and to the right of the shovel head indicates (Tchc) exposed in a former pit in the southeast facies (Tchc) in a sand pit south of Whiteshog. nonstratified. The white and yellow color bands
- e T o ] Ket | 400 former stream flow to the right (northwest). corner of the quadrangle. Red and purple colors Interbedding like this is typical of tidal-flat are secondary iron staining by groundwater and
-500 — - Y= T - -500 400 : : ; . - ; :
————— — | Location shown on map and inset. Photo by S. in the upland gravel are from iron staining by deposits. A thin remnant of upper-terrace gravel are not original depositional layers. Location
Note: Well 218 continues to a depth of 1,092 feet Ket Kmt Stanford, 2023. groundwater. Location shown on map and inset. (above line) overlies the Cohansey. White sand shown on map and inset. Photo by S. Stanford,
(elevation -960 feet). Formations below elevation Kmg Kwb Photo by S. Stanford, 2023. at top is from pit operations and is not in place. 2023.
-600 = -600 feet are listed in table 1. -600 -500 -500 Location shown on map and inset. Photo by S.

VERTICAL EXAGGERATION 10X  Note: Small unlabeled ruled deposits are artificial fill. Some wells are projected a short distance to the line of section. VERTICAL EXAGGERATION 10X  Note: Small unlabeled ruled deposits are artificial fill. Some wells are projected a short distance to the line of section. Stanford, 2023.
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pamphlet with table 1 to accompany map

Table 1. Selected well and boring records. Well numbers in boldface indicate that the well is shown on
the cross section listed after the well number. Footnotes are at the end of the table (p. 5).

Well Identifier! Formations Penetrated?

Number

1 52-8,G 40 Tch 105 Tkw 150 Tsr+Tmgq 180 Tvt 195 Tht 220 Kns 300 Kml 380 Kw 400 Kmt 460 Ket
590 Kwb 610 Kmv 745 Kmg 785 Kr 887 Kp

2 19694 22 Tchs 76 Tkw

3 8379 34 Tchs 50 Tkw

4 19756 40 Tchs 64 Tkw

5 8381 10 s or Tchs 36 Tchs 40 Tkw

6 8377 14 s or Tchs 34 Tkw

7 19765 43 Tchs 64 Tkw

8 22302 12 s or Tchs 32 Tchs 47 Tkw

9 MOl 20 Tch 25 Tkw

10 BB’ 18309+18451, | 30 Tch 90 Tkw 145 Tsr 200 Tmgq 220 Tvt 235 Tht 270 Kns 350 Kml 405 Kw 420 Kmt 515 Ket

G 640 Kwb 660 Kmt

11 18441 15 Tchs 23 Tche+Tchs 27 Tchs 29 Tche 57 Tchs+Tche 102 Tkw 274 Tsr+Tmgqg+Tvt+Kns
320 Kml 407 Kw 419 Kmt 511 Ket 532 Kwb

12 AA’ USGS 5-1560 11 Tchs 12 Tche 19 Tchs 21 Tche 117 Tchs 140 Tchs+Tche 235 Tkw

13 143 12 Tchs 74 Tkw 98 Tkw or Tsr 178 Tsr+Tmg+Tvt 196 Tht 275 Kns 303 Kml

14 526 37 Tchs 89 Tkw 249 Tsr+Tmg+Tvt+Tht+Kns 305 Kml

15 6929 38 Tchs 77 Tkw 107 Tkw or Tsr 285 Tsr+Tmq+Tvt+Tht+Kns 315 Kml

16 MO33 25530 Tch

17 138 48 Tchs 105 Tkw 140 Tsr

18 MO37 10 Tch 25 Tkw

19 13 60 Tkw 262 Tsr+Tmg+Tvt+Tht+Kns 282 Kml

20 301 10 s 20 Tchs 80 Tkw 110 Tsr

21 14520 42 Tchs 77 Tkw 255 Tsr+Tmgq+Tvt+Tht+Kns 288 Kml

22 15759 42 Tchs 77 Tkw 255 Tsr+Tmg+Tvt+Tht+Kns 288 Kml

23 15758 42 Tchs 77 Tkw 255 Tsr+Tmqg+Tvt+Tht+Kns 288 Kml

24 14315 42 Tchs 77 Tkw 255 Tsr+Tmg+Tvt+Tht+Kns 288 Kml

25 MO3 10 Tch 25 Tkw

26 MO35 22 Tch 25 Tkw

27 MO36 15 Tch 25 Tkw

28 USGS 5-1416 47 Tchs 80 Tkw 260 Tsr+Tmgq+Tvt+Tht+Kns 290 Kml

29 14400 4 s 7 Tche 20 Tchs 22 Tche 34 Tchs 52 Tkw

30Cce 15968+15670, | 20 Tchs 90 Tkw 130 Tsr 185 Tmq 215 Tvt 230 Tht 275 Kns 340 Kml 363 Kw

G

31ce 10219 47 Tchs 90 Tkw 170 Tsr+Tmgq 315 Tvt+Tht+Kns+Kml

32 12693 20 Tchs 31 Tche 45 Tchs 60 Tkw

33CceC 14167 37 Tchs 77 Tkw 260 Tsr+Tmg+Tvt+Tht 292 Kns+Kml

34 15400 12 s 55 Tkw

35 6 60 Tkw 221 Tsr+Tmq+Tvt 336 Tht+Kns+Kml

36 CC USGS 5-754 17 Tchs 86 Tkw 297 Tsr+Tmq+Tvt+Tht+Kns 395 Kml 447 Kw+Kmt 518 Ket 545 Kwb

37 12365 45 90 Tkw 280 Tsr+Tmq+Tvt 312 Tht+Kns+Kml




Well

Identifier Formations Penetrated?
Number
38 15311 86 Tkw 269 Tsr+Tmq+Tvt 315 Tht+Kns+Kml
39 11532 32 s+Tchs 62 Tkw
40 11945 70 Tkw 100 Tsr 270 Tmq+Tvt+Tht 307 Kns+Kml
41 11165 15 Tchs 90 Tkw 195 Tsr+Tmgq 280 Tmq+Tvt+Tht 325 Kns+Kml
42 15441 20 Tchs 94 Tkw 248 Tsr+Tmq 290 Tmq+Tvt+Tht 320 Kns+Kml
43 11375 10 Tchs 125 Tkw 230 Tsr+Tmgq 271 Tmg+Tvt 292 Tvt+Tht 325 Kns+Kml
44 MO40 65 15 Tch 25 Tkw
45 10819 20 Tchs 110 Tkw 210 Tsr+Tmgq 325 Tvt+Tht+Kns+Kml
46 15038 21 Tchs 93 Tkw 231 Tsr+Tmq 275 Tmg+Tvt 315 Tht+Kns+Kml
47 13088 30 Tchs+Tkw 90 Tkw 220 Tsr+Tmq 302 Tmq+Tvt+Tht 360 Kns+Kml
48 10564 20 Tchs 80 Tkw 215 Tsr+Tmq 285 Tmq+Tvt+Tht 315 Kns+Kml
49 15084 34 Tchs 92 Tkw 222 Tsr+Tmq 278 Tmq+Tvt+Tht 320 Kns+Kml
50 14907 24 Tchs 92 Tkw 222 Tsr+Tmq 278 Tmg+Tvt+Tht 310 Kns+Kml
51 CC° 274 109 Tkw 257 Tsr+Tmq+Tvt+Tht 286 Kns+Kml
52 CC’ 950 78 Tkw 220 Tsr+Tmgq 280 Tvt+Tht 288 Kns+Kml
53 15562 37 Tchs 115 Tkw 282 Tsr+Tmg+Tvt+Tht 328 Kns+Kml
54 15561 37 Tchs 115 Tkw 238 Tsr+Tmgq 282 Tmg+Tvt+Tht 328 Kns+Kml
55 438 3 Tchs 76 Tkw 130 Tsr 190 Tmq 300 Tvt+Tht 306 Kns+Kml
56 CC° 775, G 20 Tchs 100 Tkw 150 Tsr 205 Tmq 235 Tvt 245 Tht 280 Kns 348 Kml 368 Kw
57 CC 22560, G, E 20 Tchs 100 Tkw 150 Tsr 210 Tmq 240 Tvt 250 Tht 290 Kns 350 Kml 410 Kw 430 Kmt 480 Ket
58 CC’ 24732 15 Tchs 100 Tkw 150 Tsr 210 Tmq 240 Tvt 250 Tht 290 Kns 350 Kml 410 Kw 430 Kmt 501 Ket
59 819,G 55 Tchs 100 Tkw 150 Tsr 210 Tmq 235 Tvt 245 Tht 280 Kns 340 Kml 364 Kw
60 14513 8 Tchs 9 Tche 20 Tchs 51 Tchs+Tkw 83 Tkw 267 Tsr+Tmq+Tvt+Tht 305 Kns+Kml
61 17219, G 65 Tkw 110 Tsr 170 Tmq 190 Tvt 210 Tht 245 Kns 310 Kml 329 Kw
62 776 35122 Tkw 226 Tsr+Tmq+Tvt+Tht 240 Kns 266 Kml 348 Kw 368 Kmt
63 MO4 10525 Tkw
64 234 85 Tkw 134 Tsr+Tmgq
65 MO5 10 s 25 Tkw
66 BB’ 378, G 10 Tchs 65 Tkw 125 Tsr 190 Tmq 215 Tvt 230 Tht 265 Kns 284 Kml
67 BB’ 386, G 30 Tchs 85 Tkw 145 Tsr 205 Tmq 230 Tvt 245 Tht 285 Kns 355 Kml 410 Kw
68 28317 30 Tchs 105 Tkw 277 Tsr+Tmq+Tvt+Tht 334 Kns+Kml
69 421 80 Tkw 142 Tsr
70 396 10 Tchs 80 Tkw 132 Tsr
71 MO2 10 Tch 25 Tkw
72 486 41 Tchs 62 Tkw 205 Tsr+Tmg+Tvt 227 Tht 312 Kns+Kml
73 12359 33 Tchs+Tche 92 Tkw 237 Tsr+Tmg+Tvt 280 Tht+Kns 320 Kml
74 22041 21 Tchs 76 Tkw 265 Tsr+Tmgq+Tvt+Tht 312 Kns+Kml
75 550 5570 Tkw 255 Tsr+Tmgq+Tvt+Tht 280 Kns+Kml 300 Kml
76 1218 10 s 55 Tkw 95 Tsr+Tmq
77 23123 12 s 40 Tkw 240 Tsr+Tmq+Tvt+Tht 280 Kns+Kml
78 MO14 7525 Tkw
79 397 90 Tkw 200 Tsr+Tmq+Tvt
80 MO13 17 s 25 Tkw
81 MO15 9525 Tkw
82 MO16 13525 Tkw
83 MO 12 10 s 25 Tkw
84 MO6 55 15 Tch 25 Tkw
85 MO11 85 12 Tch 25 Tkw
86 MO18 13 520 Tch 25 Tkw
87 MO17 5s 8 Tch 25 Tkw
88 MO23 18 s 25 Tch
89 8667 30 Tchs 75 Tkw
90 14048 12 Tchs 14 Tche 22 Tchs 52 Tkw
91 199 50 Tkw 200 Tsr+Tmqg+Tvt 220 Tht 260 Kns 310 KmI+Kw
92 MO9 6s 14 Tch 25 Tkw
93 BB’ 15251 20 Tch 110 Tkw
94 BB’ 27282, G 20 Tchs 110 Tkw 160 Tsr 240 Tmq 270 Tvt 285 Tht 320 Kns 380 Kml 450 Kw 465 Kmt 545 Ket




Well

Identifier Formations Penetrated?
Number
95 BB’ 27280, G 20 Tchs 110 Tkw 155 Tsr
96 383 28 Tchs 106 Tkw 260 Tsr+Tmg+Tvt+Tht 329 Kns 345 Kml
97 MO7 5525 Tch
98 654 7 s 40 Tchs+Tkw 75 Tkw
99 15237 38 Tchs 115 Tkw 337 Tsr+Tmgqg+Tvt+Tht 395 Kns+Kml
100 13382 4 Tchs 67 Tkw
101 14536 7 Tchs 14 Tche 19 Tchs 77 Tkw
102 12706 9 Tchs 12 Tche 18 Tchs 60 Tkw
103 14369 12 Tchs 14 Tche 22 Tchs 52 Tkw
104 11778 19 Tchs 21 Tche 30 Tchs 63 Tkw
105 14399 9 Tchs 12 Tche 21 Tchs 22 Tche 28 Tchs 62 Tkw
106 11634 19 Tchs 20 Tche 28 Tchs 60 Tkw
107 11633 18 Tchs 21 Tche 30 Tchs 62 Tkw
108 11632 20 Tchs 23 Tche 40 Tchs 64 Tkw
109 MO10 4525 Tch
110 15694 14 Tchs 32 Tchs+Tche 40 Tchs 99 Tkw
111 14058 15 Tchs 18 Tche 34 Tchs 52 Tkw
112 10016 6 Tchs 8 Tche 12 Tchs 13 Tche 23 Tchs 64 Tkw
113 BB’ 13332 17 Tchs 21 Tche 29 Tchs 52 Tkw
114 BB’ 12466 5 Tchs 25 Tche 34 Tchs 58 Tkw
115 BB’ 7870 47 Tchs 127 Tkw 272 Tsr+Tmgq 295 Tvt 367 Tht+Kns 404 Kml
116 BB’ 13779 8 Tchs 11 Tche 15 Tchs 19 Tche 26 Tchs 52 Tkw
117 BB’ 14117 17 Tchs 19 Tche 27 Tchs 52 Tkw
118 BB’ 11317 8 Tchs 12 Tche 40 Tchs 67 Tkw
119 15523 9 Tchs 24 Tche 35 Tchs 52 Tkw
120 13977 16 Tchs 18 Tche 29 Tchs 60 Tkw
121 MO19 18 s 25 Tch
122 13614 15 Tchs 17 Tche 29 Tchs 60 Tkw
123 13331 30 Tchs 60 Tkw
124 MOS8 23525 Tch
125 CC° | 17621, G 20 Tchs 50 Tche 80 Tchs 140 Tkw 210 Tsr 275 Tmq 310 Tvt 320 Tht 360 Kns 422 Kml 440 Kw
126 8 60 Tchs+Tkw 80 Tkw 291 Tsr+Tmq+Tvt+Tht 337 Kns+Kml
127 18026 10 Tchs 18 Tchs+Tche 55 Tchs 100 Tkw
128 MO24 7 s 25 Tch
129 14705 17 Tchs 19 Tche 47 Tchs 52 Tche 69 Tchs
130 23809 14 Tchs 17 Tche 40 Tchs 43 Tche+Tchs 52 Tchs 57 Tche 68 Tchs
131 14492 8 s 62 Tchs 67 Tcheo 71 Tchs 73 Tcheo 95 Tchs
132 BB’ | MO39 5525 Tch
133 BB’ | MO38 13525 Tch
134 BB’ E201217349 10 s +Tchs 14 Tche 83 Tchs+Tche 108 Tchs 192 Tkw 300 Tsr
135 BB’ 17439 32 Tchs 49 Tche+Tchs 135 Tchs
136 BB> | MO34 10 s 25 Tch
137 MO22 8525 Tch
138 15560 81 Tchs 86 Tche 105 Tchs
139 12748 81 Tchs 87 Tchs 98 Tchs
140 13145 25 Tchs 27 Tche 40 Tchs 43 Tche 65 Tchs 69 Tche 97 Tchs
141 3320 20 Tchs 23 Tche 53 Tchs
142 13114 26 Tchs 49 Tche+Tchs 56 Tcheo 87 Tchs 90 Tcheo 103 Tchs 110 Tchs+Tche
143 10766 10 Tchs 60 Tchs+Tche 63 Tche 83 Tchs
144 14516 26 Tchs 30 Tche 59 Tchs 64 Tchs+Tche 99 Tchs
145 14469 28 Tchs 31 Tche 60 Tchs 66 Tche+Tchs 105 Tchs
146 13964 28 Tchs 33 Tche 56 Tchs 61 Tche 82 Tchs
147 14943 22 Tchs 47 Tche 62 Tchs
148 9010 100 Tchs
149 15113 60 Tchs 66 Tche 115 Tchs
150 12846 14 Tchs 17 Tche 27 Tchs 32 Tche 57 Tchs 67 Tche 82 Tchs
151 14362 26 Tchs 28 Tche 61 Tchs 65 Tche+Tchs 123 Tcehs 192 Tkw 412 Tsr+Tmg+Tvt+Tht+Kns




Well

Identifier Formations Penetrated?

Number
433 Kml

152 8663 50 Tchs+Tche 70 Tcheo+Tchs 105 Tchs

153 10758 10 Tchs 35 Tchs+Tche 43 Tche 72 Tchs 79 Tche+Tchs

154 14967 64 Tchs 70 Tche 105 Tchs

155 13726 23 Tchs 26 Tche 31 Tchs 34 Tche 50 Tchs 56 Tche 75 Tchs

156 3127 10 Tchs 25 Tchs+Tch 60 Tchs

157 13598 16 Tchs 25 Tchs+Tche 70 Tchs 72 Tchs+Tche

158 8669 85 Tchs 105 Tchs+Tche

159 14898 60 Tchs 67 Tche 100 Tchs

160 20729 60 Tchs 80 Tchs+Tche 100 Tchs

161 15671 62 Tchs 69 Tche 103 Tchs

162 12743 20 Tchs 22 Tche 60 Tchs 66 Tcheo 74 Tchs

163 13608 28 Tchs 31 Tche 50 Tchs 56 Tche 80 Tchs

164 9158 105 Tchs

165 MO25 825 Tch

166 1552 34 Tchs 42 Tche 52 Tchs

167 1557 34 Tchs 42 Tche 52 Tchs

168 13304 23 Tchs 45 Tche+Tchs 49 Tche 76 Tchs 84 Tchet+Tchs 95 Tchs+Tcheo 102 Tkw

169 14197 68 Tchs 73 TchetTchs 100 Tchs

170 14363 70 Tchs 75 Tche+Tchs 100 Tchs

171 MO20 5s 18 Tch 25 Tkw

172 MO21 32 Tch 35 Tkw

173 E201114233 32 Tchs 110 Tkw 310 Tsr+Tmgq+Tvt+Tht+Kns 350 Kml

174 27236 40 Tchs 100 Tkw 300 Tsr+Tmqg+Tvt+Tht+Kns 330 Kml

175 E202012067 45 Tchs 110 Tkw 300 Tsr+Tmg+Tvt+Tht+Kns 320 Kml

176 23817 4 s 24 Tchs

177 20485 29 Tchs 40 Tche 80 Tchs

178 27311 32 Tchs 43 Tche 70 Tchs

179 28716 14 s 74 Tchs 91 Tchs+Tche 98 Tchs 149 Tkw 385 Tsr+Tmq+Tvt+Tht+Kns 432 Kml

180 27071 30 Tchs 35 Tche 71 Tchs

181 MO27 4525 Tch

182 MO26 3525 Tch

183 MO29 5525 Tch

184 20147 6 Tchs 13 Tche+Tchs 76 Tchs 80 Tcheco+Tchs

185 13278 4 Tchs 6 Tche 12 Tchs 14 Tche 25 Tchs 28 Tche 59 Tchs 64 Tche 97 Tchs

186 AA’ | 1240,G 50 Tchs 60 Tche 80 Tchs 180 Tkw 260 Tsr 295 Tmq 350 Tvt 370 Tht 410 Kns 470 Kml 525 Kw
550 Kmt

187 AA’ | MO30 5525 Tch

188 17883 13 Tchs 17 Tche 23 Tchs 25 Tche 36 Tchs 46 Tche 53 Tchs 57 Tche 62 Tchs 65 Tche 78 Tchs

189 24593 5 Tchs 12 Tche 18 Tchs+Tche 47 Tchs 53 Tcheo 80 Tchs

190 AA’ | 21804+22005, | 50 Tchs 60 Tche 80 Tchs 195 Tkw 295 Tsr 340 Tmq 410 Tvt 425 Tht 470 Kns 530 Kml 580 Kw

G 610 Kmt 705 Ket 765 Kwb 880 Kmv 955 Kmg 1,025 Kr

191 AA° 8580 62 Tchs 65 Tchs+Tche 77 Tchs 86 Tchs+Tche

192 AA’ | 1315 88 Tchs 104 Tkw

193 AA’ | 6083 7 Tchs+Tche 12 Tchs 45 Tchs+Tche 47 Tche 53 Tchs+Tche 73 Tchs 87 Tchs+Tche 120 Tkw

194 AA’ | 8688 16 Tchs 31 Tchs+Tche 57 Tchs 61 Tchs+Tche 72 Tchs 95 Tchs+Tche

195 MO31 4525 Tchs

196 AA> | MO32 3525 Tch

197 AA’ | 30034 20 Tchs 40 Tchs+Tche 110 Tchs

198 AA’ | 19550 105 Tchs

199 AA’ | 26465 40 Tchs 50 Tche 100 Tchs

200 20648 62 Tchs 78 Tche 105 Tchs

201 25824 17 Tchs+Tche 19 Tche 52 Tchs+Tche 63 Tcheo 72 Tchs 75 Tche 98 Tchs

202 24674 17 Tchs 19 Tche 26 Tchs 52 Tchs+Tche 63 Tche 72 Tchs 75 Tche 92 Tchs

203 130 32 Tchs 36 Tchs+Tche 65 Tche 77 Tchs 78 Tche

204 15106 17 Tchs 26 Tche 30 Tchs 33 Tche 35 Tchs 48 Tche 59 Tchs 66 Tche 95 Tchs

205 26707 5 Tchs 19 Tche+Tchs 38 Tchs 51 Tche 80 Tchs




Well

Identifier Formations Penetrated?
Number
206 125 20 Tchs 30 Tche+Tchs 45 Tcheo 55 Tcehs 60 Tche 69 Tchs+Tche
207 699 15 Tchs 16 Tche 105 Tchs
208 AA’ | 726 41 Tchs 62 Tchs+Tche 88 Tche 101 Tchs 107 Tkw or Tchs+Tche
209 CC’ 581, G 30 Tchs 36 Tche 48 Tchs 56 Tche 64 Tchs 75 Tche 110 Tchs 250 Tkw
210 14044 60 Tchs 64 Tche 85 Tchs
211 USGS 5-1597 6 s 17 Tchs+Tchc 20 Tchs 80 Tchs+Tche 100 Tchs 139 Tchs+Tche 195 Tkw 200 Tsr or Tkw
212 MO28 4525 Tch
213 29026 110 Tchs
214 P200800761 12 Tche+Tchs 30 Tchs 38 Tche 60 Tchs
215 P200800885 55 Tchs 70 Tche 85 Tchs
216 29860 17 Tchs 20 Tche 56 Tchs 60 Tche 72 Tchs 74 Tche 85 Tchs
217 Transco 6, E 160 Tch 240 Tkw 580 Tsr+Tmg+Tvt+Tht+Kns 675 Kml 730 Kw+Kmt 770 Ket 900 Kwb+Kmv
218 E201501347, 40 Tchs 95 Tkw 135 Tmq 160 Tvt 175 Tht 220 Kns 290 Kml 340 Kw 360 Kmt 430 Ket 550 Kwb
G 600 Kmv 730 Kmg 770 Kr 1,092 Kp
219 DOT 52983 17 s 62 Tchs
220 DOT 52978 10 s 50 Tchs

'Identifiers that are one- to five-digit numbers are N. J. Department of Environmental Protection well-
permit numbers. All are preceded by the prefix “32-.” Identifiers of the form “52-xx”, “E20xxxxxxx”” and
“P20xxxxxxx” (where “x” indicates numbers) are also N. J. Department of Environmental Protection
well-permit numbers. Identifiers of the form “USGS 5-xxxx” are U. S. Geological Survey unique well
numbers with logs in Fiore (2019) and in the U. S. Geological Survey GeoLog locator database, at
https://webapps.usgs.gov/GeoLoglocator/#!/search (accessed March 2023). Identifiers of the form

“MOxx” are power-auger borings from Minard and Owens (1963). The total depths of these borings are
not reported in Minard and Owens (1963) but are estimated from the depths of contacts they reported for
the borings. Identifiers of the form “DOT xxxxx” are N. J. Department of Transportation boring log
identification numbers from the N. J. Department of Transportation Geotechnical Data Management
System at https://geoapps.nj.gov/dot _gdms/ (accessed June 2023). The identifier “Transco 6” refers to a
well drilled for the Transcontinental Gas Pipeline Company in 1951 with a list of formations penetrated
provided in Kasabach and Scudder (1961). A “+” indicates two wells drilled at the same location. A “G”
following the identifier indicates that a gamma-ray log is available for the well. An “E” following the
identifier indicates that an electric log (resistivity and/or spontaneous potential) is available for the well.

’Number is the depth (in feet below land surface) of the base of the unit indicated by the abbreviation
following the number. The final number is the total depth of the well rather than the base of unit. For
example, “Tchs 12 Tche 34 Tchs 627 indicates Tchs from 0 to 12 feet below land surface, Tche from 12
to 34 feet, and Tchs from 34 to bottom of hole at 62 feet. Abbreviation “s” indicates surficial deposits
(units Qals, Qald, Qtll, Qe, Qtl, Qtu, Qcu, TQg, and Tg). Drillers’ descriptive terms used to infer the
surficial units are: yellow, white, tan, brown, red, orange, gray sand and gravel. Note that in most drillers’
and geophysical logs, surficial deposits cannot be distinguished from the uppermost Cohansey or
Kirkwood formations, and are not separately identified in the table. Drillers’ terms for bedrock units are:
Tchs = white, yellow, gray, brown (minor red, orange) fine, medium, and coarse sand (and minor fine
gravel) of the Cohansey Formation, sand facies; Tche = yellow, white, gray (minor red, orange) clay, silty
clay, and sandy clay of the Cohansey Formation, clay-sand facies; Tchco = black clay of the Cohansey
Formation, clay-sand facies, with high organic content; Tch = Cohansey Formation, facies
undifferentiated or not identified. Tkw = gray, brown, and black, minor white and yellow, clay, hard clay,
silt, fine sand, sandy clay, silty clay, clayey sand, muddy sand, and sand of the Kirkwood Formation. Tsr,
Tmgq, Tvt, Tht, Kns = green, black, brown, blue clay, silt, sand, marl, glauconite of the Shark River,
Manasquan, Vincentown, Hornerstown, and Navesink formations. Generally, these five formations
cannot be distinguished on lithologic logs, although descriptions of shell beds may indicate the




Vincentown or Navesink formations, and descriptions of hard green clay may indicate the Hornerstown
Formation. These formations are separated in the table only where gamma-ray logs are available for the
well or for an adjacent well. Kml = green, white, gray, black sand, “pepper sand” of the Mount Laurel
Formation. Kw = gray, green fine sand, silty fine sand of the Wenonah Formation. Kmt = green clay,
sand, black clay of the Marshalltown Formation. Ket = gray sand, sandy clay of the Englishtown
Formation. Kwb = gray clay and silt of the Woodbury Formation. Formations below the Woodbury are
identified from gamma-ray logs only. These include the Merchantville (Kmv), Magothy (Kmg), Raritan
(Kr), and Potomac (Kp) formations. The Raritan and Potomac formations were penetrated in only three
wells (1, 190, and 218) and are not shown on the cross sections or described in the Description of Map
Units. The Raritan is gray to grayish brown silty clay with minor fine-to-medium sand of Late Cretaceous
(Cenomanian-Turonian) age. The Potomac is red, gray, white, and light gray interbedded clay, clayey silt,
and fine-to-coarse sand with minor gravel of Early to earliest Late Cretaceous (Barremian-early
Cenomanian?) age. Detailed descriptions of the Raritan and Potomac formations are provided in
Sugarman and others (2010). A “+” sign indicates that the units are mixed, interbedded, or cannot be
separately identified from the information provided in the log for that depth interval. An “or” indicates
two possible unit interpretations for the description. Units are inferred from drillers’ or geologists’
lithologic descriptions on well records filed with the N. J. Department of Environmental Protection, or
provided in the cited publications, and from geophysical well logs where available. Units shown for wells
may not match the map and sections due to variability in drillers’ descriptions and drilling techniques.



