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AT0730" e A P : 7] 41°07'30 above and the surface material collapses into these voids, which der shales of both the Bushkill and the Ramseyburg Members of PROTEROZOIC NEW JERSEY HIGHLANDS
} / are sometimes referred to as caves. These types of sinkholes can the Ordovician Martinsburg Formation. Likewise, many sinkholes
} be easy to identify at first because of the steep sides of the sink- were located in the Allentown Dolomite in Kittatinny Valley State ViR Eranklin Marble (M ¢ . White- to liaht h
\ holes, but over time the sides become less steep because of ma- Park. Studies in New Jersey have shown groundwater in gneiss r.an mh't ar ﬁ (hteSOPr]? erotzmc) h Ie-t (;_ '9 'glra_i/_'wfal )
| trerial collapsing in and can appear as solution sinkholes (Dalton, bedrockwith pH values as low as 5.7 and groundwater in shale bed- erllr;g,c;lvll e.c.>r '9 Slray’ |ne-' _O coarfg-crys a '2?’ ca (;]'I Ic 1o . o-
2014). These sinkholes can form in tandem with solution sinkholes. rock with pH values 6.7 to 7.0, whereas carbonate groundwater has Cﬁ yd odgtmltlc me_r © contalmrég ca i'tZ’, giratp 'tT’ P EQOp:I?’
The dissolution of rock along surfaces can cause one or more sides had pH values recorded up to 7.5 (Miller, 1974). The Leithsville in c OT)I rc:) ! ec; ar:(ﬁc mc;pyroxene.wﬁzarix © Iglobwodoz(vf?/\: rHan n
of a depression to become unstable and collapse. the Kittantinny Valley State Park area and north to Monroe is bor- ma;r ’?h an 189(56 ) and an upper Wildcat marble band (Yiw) (Hague
dered by gneiss to the east. Although few sinkholes are observed and others, )
in the Leithsville here because of thick surficial cover and lakes, the Other rocks
low elevation of this Leithsville belt is likely the result of enhanced
solution by runoff from the_gne|.33. Similar kar§t features occur to Undifferentiated non-carbonate rocks — Paleozoic sedimentary
a lesser degree in the Paulins Kill Valley block in the northwestern . . .
rocks, including shale, sandstone, siltstone, and pebble conglomer-
part of the map area, where the Upper and Lower Beekmantown o . .
. . ate; Silurian alkalic dikes; Proterozoic conglomerate and sandstone;
and Allentown Dolomite border shale uplands of the Martinsburg . . . . . .
. Proterozoic intrusive igneous rocks, including granite, alaskite, and
Formation. . ; . oo
monzonite; Proterozoic gneiss and amphibolite.
Table 2. Table showing the total number of sinkholes, percentage of
tot.allsmkholes, and percentage of carbonate area for each geologic REFERENCES
unit in the map area.
, Percent of Total | Percent of Car-
Formation g?ﬂﬁifezf egi?]r;h&e: 2 Erocr?:tec:we:r Aden, D.J. and Parrick, B.D., 2022, Karst annual report—Updated
ackeon karst mapping of Hamilton County, OH: Columbus, Ohio De-
ifm:?o:;g 1 0.99% 3.17% partment of Natural Resources, Division of Geological Survey,
g2 F Beekmantown 17 p.
Figure 6. Andover Pit solution-collapse sinkhole in Kittatinny Valley - fe?.t“ 7 ugfrugért 7 6.93% 5.37% Clarke, J.M., and Schuchert, C., 1899, The nomenclature of the
State Park. It is possible this sinkhole originally began as a cave ‘S _4--/‘ 4 Beekmant New York series of geological formations: Science, new series,
and eventually the roof of the cave became unstable and collapsed ploy 77 ‘,' Grc?fp,Tc?vCe?V;ra‘ ] 31 30.69% 25.56% v. 10, p. 874-878.
into the void. Bedrock dissolution around this sinkhole continues, b s Dalt R 1976.C f New J - New J Geologial S
d the sinkhole is still enlarging. Expansion is in the southwest Allentown 59 58,429 50.48% aton, ., , -aves of New Jersey. INew Jersey Lseologial sur-
:::ection Tire for scale. Star in wkllite box shows location in quad Figure 8. LIDAR imagery with hillshade of a part of the Newton Dolomite .0 | vey, Bulletin 70, 51 p., 7 plates.
rangle F;hoto by Z Sch'agrin East quaqrangle in Klttatlnny Valley Sta’fe Park shgwmg closed Leithsville 0.99% 11.48% Dalton, R., 2014, Karst features in New Jersey: New Jersey Geo-
5 | ) _ ' ' ' topogrf?phl:;] dtetil'eSSloni- TTeSIG tdzptl'ehSSIlonS Welre f('je|: check_ed Formation 1 R ' logical and Water Survey, Information Circular, 4 p.
5’ o confirm that they are karst related. The large closed depression _ ) .
. The third type of sinkhole, cover-collapse sinkholes, form when co- in the center of the image is the Andover Pit solution-collapse sink- Franklin Marble 1 0.99% 4.46% Drai::&’] Ac.)?;chir;ai?::jhce;rtz.Ic_a;"tﬁ:;;Sié_g:zee;nz-:;’o:t?::é Guea(:jl?ag:
R hesive materials form a clay layer in the soil above voids in the hole (fig. 6). Star in white box shows location in quadrangle. P P , d )
' . . . . . gles, Warren County, New Jersey: U.S. Geological Survey Mis-
7 YTnaas bedrock. Non-cohesive sediments spall into the void or cavity cre- I | tigati Series Mab 1-1530 e 1:24.000
ated by the dissolution of bedrock. The cohesive clay layer remains cellaneous Investigations Series Map |- , scale 1:24,000.
at the surface while the void gradually migrates upward (Dalton, Figure9a Figure 9b Green, JA., Alexgnder, C.A., Marken, W.J., ar_wd AIexande.r, S.C,
2014). Eventually, the void breaches the surface and results in a n=60 -~ n=536 2002, Gegloglc atlas of Mower County,. Minnesota: Minneso-
sudden collapse of sediment into the void and a new sinkhole at / ta Geological Survey, County Atlas Series C-11 Part B, scale
the surface. 1:100,000.
Caves in New Jersey are voids in the subsurface large enough to Hague, J.M., Baum, J.L., Herrman, L.A.,'and Plc':kerlng, R.J., 1956,
allow for human exploration and are generally oriented along strike Geology and structure of the Franklin-Sterling area, New Jer-
(Dalton, 2014). The map area contains caves that occur due to sey: Geological Society of America Bulletin. v. 67: p. 435-474.
dissolution of underlying carbonate rocks and due to widening of Kochanov, W.E. and Reese, S.O., 2003, Density of mapped karst
fractures in both soluble and insoluble rocks. These caves are not features in south-central and southeastern Pennsylvania: Penn-
marked on the map but have been included in summaries. Most of Figure 9¢c Figure 9d sylvania Geological Survey Map 68, scale 1:300,000.
the caves were previously mapped and are part of an NJGWS bul- n=60 n=200 Kummel, H.B., 1908, Paleozoic sedimentary rocks of the Franklin
letin and a database maintained by NJGWS (Dalton, 1976). Furnace quadrangle, New Jersey, in Spencer, A.C., Kummel,
Dissolution of carbonate rocks leads to the formation of subsurface H.B., Salisbury, R.D., Wolff, J.E., and Palache, C., Description
drainage networks whereby large quantities of water flow through 15 of the Franklin Furnace quadrangle, New Jersey: U.S. Geologi-
fractures and joints, and along bedding planes. Because of these, / cal Survey Atlas Folio 161, p. 10-12.
— — - most water in areas defined by karst topography occurs in the sub- Markewicz, F.J., 1968, The Hardyston-Leithsville contact and sig-
Thickness of surficial materials surface, rather than as surface streams (Kochanov and Reese, nificance of “Hyolithellus micans” in the lower Leithsville For-
 discontinuous and < 10 feet 2003). Water moving through these pathways can eventually work mation: [abs.], New Jersey Academy of Science Bulletin, v. 13,
1 10-50 feet its way to the surface through other voids in carbonate rock. These ] _ _ . p. 96.
= 50-100 feet karst features are known as springs (fig. 7). ;Ig:srjr:é :ﬁi‘:\o‘?;zgif?:rbsg‘:;’l’;“f’oét‘: (t;j;da:; ::Z ('j‘?”%::;ioor: Markewicz, F.J., and Dalton, R.F., 1977, Stratigraphy and applied
== 100-150 feet , . P geology of the lower Paleozoic carbonates in northwestern New
of bedding planes (9b), cleavage planes (9c), and joint planes (9d) ] : ) .
feet . ersey: 42nd Annual Field Conference of Pennsylvania Geolo-
= within carbonate rocks. n equals the number of measurements ists. Guidebook. b. 1-48
s 807 by taken for each plot. Data from Monteverde and others (2022). gists, > P- ’
# P4/ v = = (0 o Miller, J.W., 1974, Geology and ground water resources of Sussex
[ 3 ’ / 7 { 4 ’, LA ‘/‘ -4“, af / 3 J ; F e ,‘ J ) i/ . . _
/i IR L i ,,?“ﬁ‘df/?“M;'leS i R 7 i bl £ One factor that plays a large role in karst susceptibility is the sig- County and the Warren County.portlon of the Tocks Island 'm
Figure 1. Map of thickness of surficial materials in the Newton East quadrangle over a hillshade base (State of New Jersey, 2018). The thickest surfi- nificance that depth to bedrock plays in the development of karst ‘ . sgc';:‘;ea- gle‘IN tJersey Geological and Water Survey Bulletin
cial materials include late Wisonsinan till and glacial lake deposits along the border of the Valley and Ridge and Highlands physiographic provinces. features (Tipping and others, 2001). Green and others (2002) es- Figure 10. Bedrock outcrop in the Newton East quadrangle related ’ p., < plates.
Other surficial materials include postglacial deposits consisting of alluvium and swamp and bog deposits. Black dots are sinkholes and red dots are tablished that areas of bedrock outcrop and areas with minimal to the four carbonate blocks. From Stone and others (2002) and Miller, R.L., 1937, Stratigraphy of the Jacksonburg Limestone: Geo-
springs. Thickness map from Stanford and others (2007) based on Witte and Monteverde (20086). sediment cover are most conducive to karstification. In their study Witte and Monteverdg (2006). Brown polygons are bedrock out- logical Society of America Bulletin, v. 48, p. 1687-1717.
of karst hydrogeomorphic units, they found that in areas with rela- crop. Black dots are sinkholes and red dots are springs. Monteverde, D.H., Volkert, R.A., Herman, G.C., and Schagrin, Z.C.,
tively thin layers of unconsolidated cover—those being areas with 2022, Bedrock geologic map of the Newton East quadrangle,
less than 75 feet of unconsolidated material—surface karst features DESCRIPTION OF MAP UNITS Sussex County, New Jersey: New Jersey Geological and Water
2'30” 4 230" INTRODUCTION Swamp blocks run through the central part and are separated by a may begin to appear, while areas with more than 75 feet of cover (Monteverde and others, 2022) Survey Open-File Map OFM 146, scale 1:24,000.
77 : belt in a synclinal trough of shale of the Martinsburg Formation that did not host karst features. The factors affect the karst landscape ’ Monteverde, D.H. and Witte, R.W, 2023, Karst features of the New-
o ; ends west of the quadrangle. The fourth carbonate block occurs in in the Newton East quadrangle. Figure 10 shows the distribution of ton West :
, i : quadrangle, Sussex County, New Jersey: New Jersey
y v The Newton East 7.5 mlrfute_quadr.angle |n. Sus.sex _County, Ne.w the southeastern portion of the map area and will be referred to as bedrock outcrop. When comparing these with karst features on the PALEOZOIC VALLEY AND RIDGE ; i
£ : Jersey hosts a karst terrain with active and inactive sinkholes, dis- R : . Geological and Water Survey Open-File Map OFM 160, scale
e %;f , . , ’ the Lake Mohawk block. Figure 7. Spring in the southwestern part of the map area. This map, it is evident that most occur in and near areas of extensive 1:24.000.
T appearing streams, springs, and caves with passages and cham- o i t of the Allent Dolomite (€ 4 into Lake liff bedrock outcrop ’
Stradiers Pond bers. These features occur in carbonates which were deposited in _el;_irlng flows ou IIo ed e:[hownt ofotrrr:l e ( .a) and in od.a :e |t. : N - Jacksonburg Limestone (Middle Ordovician) (Kummel, 1908, Neuendorf, K.K.E, Melh, J.P., and Jackson, J.A., 2011, Glossary of
ZS a shallow marine environment primarily in the Cambrian and Or- ere 1S a small pond northwest ot the spring, perpendicular to Table 1 shows a summary of the occurrence of karst features within Miller, 1937) — Medium-dark-gray-weathering, medium-dark to geology: American Geosciences Institute, 5th ed. rev., 783 p.
- : ; strike, which could be a possible source. Spring is approximately each carbonate block. The total percentage of carbonate bedrock ’ : caredray nering, me .
dovician Periods and as far back as the Mesoproterozoic. Though 35 feet long by 15 feet wide. Star in white box shows location in ‘ h block i ' d o the otal ; ¢ karst feat dark-gray, laminated to thin-bedded, argillaceous limestone (ce- Offield, T.W., 1967, Bedrock geology of the Goshen-Greenwood
these rocks were deposited up to 1.295 Ga (billion years ago), they quadrangle. Photo by Z. Schagrin or ea(?, O_Ch_'s con;]p;re ‘ (I): © ohg percen aggc') arstiea u:]es ment-rock facies) and minor arenaceous limestone. Grades down- Lake area, New York: New York State Museum and Science
still play a dynamic role in the health and public safety in the re- ;)hcc:)rrlnrg ert('lllnve‘lillc bIOCk. rc;rr.]t IS surr:rr]nar):hlt |st§ppartehntt at ward into medium-bluish-gray-weathering, dark-gray, very thin- to Service Map and Chart Series, no. 9, 78 p.
: L ; : " : ; e Paulins Kill Valley block contains more than three times the per- . . . .
g|on..Dra|n|ng.smkhoIes and springs exploiting, dissolving, and ex- Much of the carbonate bedrock in Newton East quadrangle is cov- centage of karst fea};ures as it does the percentage of carbo:ate med!um-beqded, -commonly fossiliferous, mterb'ed'ded fine- and Pallis and others, 2022, Srings of New Jersey: New Jersey Geo-
panding bedding plar.\e.s at. and below ground.surface, and Tc,erface ered by glacial and postglacial surficial deposits. Late Wisconsinan bedrock. while the Lake Mohawk block contains less than a quarter medium-grained limestone and pebble-and-fossil limestone con- logical and Water Survey OFR 21-3, 285 p., 93 illus., 17 tables.
and groundwater draining into caves, offer unique opportunities for till covers portions of each carbonate block, and late Wisconsinan ’ : a glomerate (cement-limestone facies). Thickness ranges from 150
: o . P ' of the percentage of karst features (3.66%) as it does the percent- . Palmer, A.R., and Rozanov, A.Y., 1967, Archaeocyatha from New
unfiltered sources of water and contamination to reach aquifers. lacial lake deposits overlay much of the Lower and Upper Crook- ' to 1,000 feet regionally. . . : Lo
- glact pOSIts overiay mu W PP age of carbonate bedrock (15.18%). In areas with significant surfi- Jersey: Evidence for an intra-formational unconformity in the
Furthermore, groundwater flow rates in karst landscapes are much d Swamp block nd some of the Lake Mohawk and Paulins Kill .
- - - © amp Dlocks, ahd some of the Lake lohawk and Faulins cial cover, especially greater than 75-100 feet, there is not enough north-central Appalachians: Geology, v. 4, p. 773-774.
greater than in nonkarst landscapes and present an increased risk blocks. Postglacial deposits include alluvium and swamp and bog ' _ R
of contamination. This constitutes a unique risk to public drinking g t ¢ Hol 4 late Wi ) Thev tvbicall groundwater recharge to dissolve cracks in bedding planes, cleav- Beekmantown Group (Clarke and Schuchert, 1899) Panno, S.V., Angel, J.C., Nelson, D.O., Weibel, C.P., Luman, D.E.,
, . . . i~ epo§| S0 ) olocene an. ale Vvisconsinan age. hey typically age planes, and joint planes (Tipping and others, 2001). So, while and Devera, J.A., 2008, Sinkhole distribution and density of Re-
: water systems, private wells, and engineering projects through in overlie glacial lake deposits and cover much of the Upper Crooked . . . ) . L
Lake Mohawk .= fastructure instability. Moreover, the continued active development Swamp and some of the Paulins Kill blocks. §|nkholes may be covered by glacial Sedllment,l the glacial sediment i Beekmantown Group, upper part (Lower Ordovician) — Light- .nault Quadrangle, Monroe County, lllinois: lllinois State Geolog-
’ of this karst terrain means it is not enough to just know where the _ . in these parts of the map area lalso actlvgly dlscourage§ karst de- to medium-gray- to yellowish-gray-weathering aphanitic to medi- ical Survey Geologic Quadrangle Map Renault-SD.
existing features are, but it is critical to understand where they may Therefgre extensive areas of carbonate b;edrock outcrop in the map velopment. The contours showing the thickness of surficial mate- um-grained, thin- to thick-bedded, locally laminated, slightly fetid Stanford, S. D., Pristas, R. S., Witte, R. W., 2007, Surficial geology
occur and what geologic settings and formations are most prone area (,'g' 10_)’ and these are interpreted from the topographic map rials fl_mher demonstrates this (ﬁQ- 1)'."‘ areas where the surficial dolomite. Locally light-gray- to light-bluish-gray-weathering, medi- of New Jersey: N. J. Geological Survey Digital Geodata Series
to further karst development. A knowledge of these karst features alnd 'LIIDARIt |mfge;y. Loially, t?ebsle gretz;\]s are overlalndbti t'"LaEd materials are less than 75 feet thick, sinkholes are more common. um- to dark-gray, fine-grained, medium-bedded limestone occurs DGS 07-2, scale 1:100,000.
. acial meltwater deposits, notably in the area around the Lake is signifi i : : e
and where they occur and may occur enables interested and af- E/Iohawk biock and thpe othern par)’i of the Upper Crooked Swamp Povne\éerbw:]ere theret;s(:j;lgn:(ﬁcant cove.:,hlless S{nkr.}f)lesthavz.beer; near the top of unit. Contains pods, lenses and layers of dark-gray State of New Jersey, 2014, New Jersey State Hazard Mitigation
j % fected parties to make decisions on the risk of geohazards for new ook ocated. Lulcropping bedrock occurs within a signiiicant portion 0 to black rugose chert. Thickness averages 200 feet, but locally as Plan, https://www.nj.gov/njoem/mitigation/2014-mitigation-plan.
Asnpzrn and existing building construction projects, road and bridge work, block. thehPaL:)IllnskKlll Valley bPLOCk and most o:‘)tr:je kakrs’frfsatlljris I(:/Ienr?ﬂei much as 800 feet. shtml.
i PP e : in this block occur in the outcropping bedrock. The Lake Mohaw
use of natur.al resourees, ar?d contar.'mnr.s\tlon fisks. This Is espemally block contains till and glacial lake deposits over a significant portion State of New Jersey, 2018, Northwest hillshade: New Jersey Office
important given increases in urbanization, and even more in New MAPPING METHODS 9 P 9 P . £ GIS 42023
: of the total area. This is one reason for the underrepresentation of ! Beekmantown Group, lower part (Lower Ordovician) — Upper se- ° » accesse :
Jersey, the most densely populated state in the country. Figure 2. Map of the four carbonate blocks occurring within the o : - - .~ -
. . o . ) ) karst features in this block, as the surficial deposits have covered quence is light- to medium-gray- to dark-yellowish-orange-weather- Stone, B. D., Stanford, S. D., Witte, R. W., 2002, Surficial geologic
This map identifies relatlonshlps between mapped !<arst features Newton East quadrangle. Initial investigation into areas where sinkholes may occur includ- the karst features and have also impeded the development of new ing, light-olive-gray to dark-gray, fine- to medium-grained, very thin- map of northern New Jersey: U.S. Geological Survey Miscella-
and the structure of t he underlying bedrock geoIF)gy |fn the l}lewton ed identifying areas underlain by carbonate rock. Once these ar- karst features. to medium-bedded locally laminated dolomite. Middle sequence is neous Investigations Series Map 1-2540-C.
East quadrangle. Thls map, and others in the series o karst. eature KARST FEATURES eas were designated, LIDAR and aerial imagery, both recent and The proportion of sinkholes in the Upper and Lower Crooked Swamp olive-gray- to light-brown- and dark-yellowish-orange-weathering, Tipping, R.G., Green, J.A., and Alexander, E.C., 2001, Geologic at-
maps currently being developed by the New Jersey Geological and L . : dium- to dark- hanitic t dium-grained, thin-bedded . . .
» historic, were used to locate areas with outcropping bedrock and blocks i imil h ion of carb medium- 1o dark-gray, aphanitic to medium-grained, thin-bedded, las of Wabasha County, Minnesota: Minnesota Geological Sur-
Water Survey (NJGWS) are critical tools for state and local gov- ocks is more similar to the proportion of carbonate outcrop area : : - : , , )
s homeb dh biic utilti at closed depressions. Particular attention was paid to areas of the than it is in the Paulins Kill and Lake Mohawk blocks. Both contain locally well laminated dolomite which grades into discontinuous vey, County Atlas Series C-14 Part A, scale 1:100,000.
; Z i(r)r::;?insg; cgrr:p?a:iizrsaig oth(()arrnzz\rl:[/ir;zrsl,npnuortlrfel:nl INIZj\; i:r\;ae; Partally soluble carbonate rocks, such as imestone, dolomite, and Newton East quadrangle with less than 75 feet of unconsolidated late Wisconsinan till and the Lower Crooked Swamp block contains lenses of light-gray- to light-bluish-gray-weathering, medium- to Volkert, R.A., Monteverde, D.H., and Drake, A.A., Jr., 1989, Bed-
Sl Ompe , ! rp: . or Vo _ ma_lrt.)Ie, are morle suscgptlblg to weat_herlng b.ecausg of the slight cover (fig. 1). Closed depressions visible on LiDAR imagery (fig. 8) late Wisconsinan glacial lake deposits, while the Upper Crooked dark-gray, flng-gralned, thl_n- to medlurT\-bedded I|meston§. L!me- rock geologic map of the Stanhope quadrangle, Sussex and
e where over fifty sinkhole-related incidents requiring remediation oc acidity of water interacting with the soil. The dissolution of carbon- i ol i . . : stone has “reticulate” mottling characterized by anastomosing light-
41°00° _, L I cur annually, these maps will provide guidance to interested parties : and potential karst features that appeared on aerial imagery were Swamp block contains postglacial swamp and bog deposits that Morris Counties, New Jersey: U.S. Geological Survey Geologic

74°45

Produced by the U.S. Geological Survey

North American Datum of 1983 (NAD83)

World Geodetic System of 1984 (WGS84). Projection and

1 000-meter grid:Universal Transverse Mercator, Zone 18T

This map is not a legal document. Boundaries may be
generalized for this map scale. Private lands within government
reservations may not be shown. Obtain permission before

4230 - 40

SCALE 1:24 000

-74°37°30”

Karst geology mapped by Z.C. Schagrin 2020-22.

Digital cartography by Z.C. Schagrin.

Bedrock geology mapped by D.H. Monteverde', R.A. Volkert',
and G.C. Herman' in 1995-2000 and 2008-09 (Monteverde and
others, 2022).

Research supported by the U. S. Geological Survey National

to address and anticipate these occurrences (State of New Jersey,
2014).

The Newton East quadrangle is in the northwestern part of the state
within both the Valley and Ridge and the Highlands physiographic
provinces. The Valley and Ridge province underlies the northwest-
ern part of the map area, while the Highlands province underlies the

ate rock leads to the development of a karstic landscape often oc-
curring along bedding planes when the rock is exposed to water
(fig. 3). This also results in visible regional features within the map
area, where carbonate bedrock forms valleys and more resistant
bedrock forms ridges. It also results in more localized features such
as sinkholes. The karst features observed in this study area include
sinkholes, as well as caves, closed depressions, and springs.

marked and field checked. In some cases, field checking showed
these areas to be the result of non-karst processes like construction
activity, subsidence of backfilled sites, abandoned mines, culverts,
and fallen trees. These areas are not marked on the map. Features
that were determined to be the result of karst activity are located on
the map. Wherever possible, at each karst site measurements were
taken to determine physical properties of each sinkhole—length,

overlie glacial deposits. However, these blocks also contain large
areas of outcropping bedrock that account for most of the karst fea-
tures present in each block.

Table 1. Table showing the percentage of carbonate area, total
number of karst features, and percentage of total karst features for
each carbonate block in the map area.

olive-gray- to grayish-orange-weathering, silty dolomite laminae
surrounding lenses of limestone. Locally, limestone may be com-
pletely dolomitized. Grades downward into medium dark- to dark-
gray, fine-grained, well laminated dolomite having local pods and
lenses of black to white chert. Lower sequence consists of medium-
to medium-dark-gray, aphanitic to coarse-grained, thinly-laminated
to thick-bedded, slightly fetid dolomite having quartz-sand laminae

Quadrangle Map GQ-1671, scale 1:24,000.
Wherry, E.T., 1909, The early Paleozoic of the Lehigh Valley district,
Pennsylvania: Science, new series, v. 30, 416 p.

Witte, R.W., and Monteverde, D.H., 2006, Quaternary geology and
geologic material resources of Newton East quadrangle, Sus-
sex County, New Jersey: New Jersey Geological Survey, Open-

teri ivate lands. f f ; X . . . . Lo . H .
i:\Derr;i:erf\;znj Na:wSJersey Ot of 1 State of New sy, 201 ) 05 KILOMETERS . 2 Cooperatlvaggglc;%c(;:\(/jlir;[:;nbgefg)g;inéHl(;l;(ég sf)utheastern part (f|g 1) This map shows karslt featureis using pre- Three main types of sinkholes occur within the map area (flg 4) width, and depth—and which direction the Iong axis of the sinkhole Carbonate Percent of Total Total Karst Percent of and Sparse, very thin to thln, black chert beds. |nd.|V|dU3| bed thick- File Map OFM 56, scale 1:24,000.
— e TGN 3079 - 2015 1000 %00 0 METERS 1000 2000 s e views and condlusions contained in this document are vious bedrock and surficial map data and new information gathered They are solution (4a), solution-collapse (4b), and cover-collapse was trending, if any trend was distinguishable. This was measured Block Carbonate Area|  Features T,SgtKgst ness decreases and floating quartz sand content increases toward Wolff, J.E., and Brooks, A.H., 1898, The age of the Franklin white
Hycrography. National Hycrography Dataset, 1899 - 2019 e MI‘EE.ES y ly representing the offcial policios, oither expressed or implisd, from field reconnaissance, remote sensing, and aerial imagery. The sinkholes (4c). Solution, or dissolution, sinkholes (fig. 5) form at to compare and look for possible correlations with trends in bed- —— u lower gradational contact. Entire unit is Stonehenge Limestone of limestone of Sussex County, New Jersey: U.S. Geological Sur-
Boundaries.............. Multiple sources; see metadata file 2017 - 2018 1000 0 1000 2000 3000 4000 5000 6000 7000 800 9000 10000 of the U. S. Government. most recent updated mapping in this area includes a bedrock map the soil-rock interface. Water comes into direct contact with car- ding, joint, and cleavage planes. Farm fields provided a significant Pa\‘;gﬂ:yK'" 1.59% 6 5949% Drake and others (1985) and Stonehenge Formation of Volkert and vey 18th Annual Report, pt. 2, p. 425-457.
lands.....oovvneeenn.. S i ( land Vi 2007 e e e ] e e ] e e | The k: tf t d ict d thi t Iy th . . " " .
vetands re Natonel o Wetlnds - nventory FEET that were studied at the time this map was published and docs (Monteverde and others, 2022), a surficial map (Witte and Mon- bonate bedrock through bedding planes, joints, and fractures, and setting for recent sinkhole activity. Sinkholes that appeared over the others (1989). Markewicz and Dalton (1977) correlate upper and
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lected structural and karst features, and tables 1 and 2 show the
distribution of sinkholes by geologic formation and by carbonate
blocks. Further discussion explores geologic factors controlling the
distribution of karst features among the formations and carbonate
blocks.

KARST SETTING

Carbonate bedrock in the Newton East map area consists primar-
ily of rocks of Cambrian and Ordovician age. These include the
Cambrian and lower Ordovician rocks of the Kittatinny Supergroup
—the Leithsville Formation (€I), Allentown Dolomite (€a), and

map area demonstrate characteristics of solution sinkholes.

Springs were located in the field and by using the springs database
available from the NJGWS (Pallis and others, 2022).

RESULTS

In total, over 100 field-verified karst depressions were located and
appear on this map. Few karst features occur in areas with a surfi-
cial cover greater than 75 feet.

Figure 9 offers a summary of measurements of the direction of the
long axis of karst features with distinguishable trends (9a) and a
comparison between these measurements and measurements of

In addition to thickness of surficial cover, it has been shown in pre-
vious studies that larger and a greater number of sinkholes tend
to form in areas with greater surface runoff. Poorly drained envi-
ronments with ponding of surface water enable sedimentation and
temporary plugging of sinkholes. As a result, sinkholes in these ar-
eas remain small and form at a slower rate. Alternately, well-drained
environments rarely lead to ponding and sinkholes continue to de-
velop and grow larger (Panno and others, 2008). Thus, lakes and
large swamps and marshes (like the Newton Meadows along the
Paulins Kill northeast of Newton) will inhibit sinkhole development.

Table 2 provides a summary of karst-bearing formations in the
Newton East quadrangle. The Allentown Dolomite contains 59 karst

and shaly dolomite. Floating quartz sand and two series of medi-
um-light- to very light-gray, medium-grained, thin-bedded quartz-
ite and discontinuous dark-gray chert lenses occur directly below
upper contact. Weathered exposures characterized by alternating
light- and dark-gray beds. Ripple marks, oolites, algal stromatolites,
cross-beds, edgewise conglomerate, mud cracks, and paleosol
zones occur throughout but are more abundant in lower sequence.
Lower contact gradational into Leithsville Formation. Approximate-
ly 1,800 feet thick regionally.

Leithsville Formation (middle to lower Cambrian) (Wherry,
1909) — Light to dark grey, greyish red, and dark greenish grey

° Locations of sinkholes and depressions suggested to be formed by karstifica-

tion. Identified using LIiDAR, air photos and field investigations.
° Locations of springs.

* Location of photos used as figures.

CORRELATION OF MAP UNITS

VALLEY AND RIDGE

Kittatinny Valley Sequence

ZaChary C SChagrln the Beekmantown Group, here divided into upper (Obu) and low- :)eddlng ;)Ianfs (le(),.clf:vage planes_lgﬁc), and JOIT pl(ejmefs (9d) features—the most of any formation in the map area. This is not wgatherir\g. Aphanitic to. fine-grair.n.ad, thin- to thick-bedded dol.o- ! W
2023 1{2]3 ;gféﬁi:vﬁ(aep er (Obl) parts, and the Middle Ordovician Jacksonburg Limestone Figure 3. Dissolution of Figure 5. Solution sinkhole rom dcar I(:: al © r9c thm © map ar.eal.\l 462 Tlleﬁgf .ﬁ}n or mea- surprising given the Allentown Dolomite comprises the highest per- mite, argillaceous dolomite, dolomitic shale, quartz sandstone: silt-
 Nowton est (Oj). Aden and Parrick (2022) have shown that formations com- carbonate bedrock along a occurring in a meadow. This sured siniholes In the map area 1s 1 - oen THIS appears centage of carbonate bedrock. However, while the Allentown Do- stone, anq shale. Quartz-sand I.enses oceur nearllower gradational Unconformity &ORDOVICIAN
N > | sFrandin posed primarily of non-carbonate units but with some thin interbed- joint plane in the Allentown sinkhole became Vvisible af- upon_lnltlal investigation t.o correlate with bedding of carbonate bed- lomite covers just over 50% of all carbonate bedrock area on the contact with Hardyston Quartzite. Archaeocyathids of early Cam-
6 Tranquility . . " R . . rock in the map area, which has an average trend of N42E +/- 3.6°. . . brian age are present in formation at Franklin. New Jersev. sua-
6|7 ]8]| 7stanhope ded carbonate units and minor carbonate composition can serve as Dolomite in Kittatinny Valley ter a prescribed burn in the , _ . map, it contains more than 58% of karst features. The larger per- ' age are p . . _ » Nev Yy, sug
JosomG uRoGLEs settings for significant sinkhole development. For this reason, this State Park. Rock hammer area cleared vegetation ob- This matches the established tendency of caves in New Jersey to centage of total karst features versus total carbonate area comes gesting an intraformational disconformity between middle and early
map includes the lower Cambrian Hardyston Quartzite (€h) with for scale. Star in white box scuring the feature. Rock generally occur along strike. largely at the expense of the Leithsville Formation, which compris- Cambrian time (Palmer and Rozanov, 1967). Unit also contains Hy-
carbonate rocks because parts of this unit have been described shows location in quadran- hammer for scale. Star in es over 11% of the carbonate bedrock but contains only one located olithellus micans (Offield, 1967; Markewicz, 1968). Approximately
as dolomitic sandstone. The Mesoproterozoic Franklin Marble (Yff/ gle. Photo by Z. Schagrin. white box shows location karst feature. In this map area, flatter, low-lying areas may have 800 feet thick regionally. CAMBRIAN
Yfw) is the only carbonate Proterozoic unit in the map area. in quadrangle. Photo by Z. impeded sinkhole development in the Leithsville Formation through
The map area contains four informally named distinct south- Schagrin. ponding and, as a result, many of the karst features are too small to - Hardyston Quartzite (lower Cambrian) (Wolff and Brooks,
west-northeast trending carbonate blocks (fig. 2). Three of these— The second type of sinkhole, solution-collapse sinkholes (fig. 6), identify or have been plugged by sediment. In tandem with this, an- 1898) — Medium- to light-gray, fine- to coarse-grained, medium- to
the Paulins Kill Valley and the Upper and Lower Crooked Swamp sometimes called bedrock-roof collapse sinkholes, occurs when other reason for the greater representation of some formations over thick-bedded quartzite, arkosic sandstone and dolomitic sandstone. NEW JERSEY HIGHLANDS PROTEROZOIC

Figure 4. Diagrams showing a solution sinkhole (4a), a solution-collapse sinkhole (4b) and a cover-collapse sinkhole (4c). Diagrams
from Dalton (2014).

blocks--continue into the map area from the neighboring Newton
West quadrangle. The Paulins Kill Valley block is in the northwest-
ernmost corner of the map area and the Upper and Lower Crooked

the dissolution of bedrock forms voids below the surface. As these
voids enlarge, there is not enough bedrock support for the area

others is the location of the formations relative to bordering gneiss
and shale uplands. In Kittatinny Valley State Park, many of the karst
features occur in the upper and lower Beekmantown, which bor-

Thickness ranges from 0 ft. to a maximum of 100 feet regionally.



