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40°45° — INTRODUCTION Correlation of pre-Mesozoic rocks DESCRIPTION OF MAP UNITS Merguerian, C., and Moss, C.J., 2006, Structural Implications of Walloomsac and Hartland
%Q) The Jersey City quadrangle is in the northeastern part of the state, in Hudson and Correlating schist and gneiss from the map area to bedrock exposed across the Hudson ) Rocks Displayed by Borings in Southern Manhattan, in Hanson, G. N., ed., Thir-
Essex Counties, in a mixed commercial, industrial and residential setting. It straddles the River in New York City and in areas to the north is a formidable challenge. Pre-Mesozoic Newark basin teenth Annual Cor;fsren::(e ?(n GeologyBof LI?nLg ISlaln? agd Meltropolltlaam New Yo_rkr;
border between New Jersey and parts of Kings and Richmond Counties in New York, but rocks in the map area are mineralogically similar to formations in New York City mapped as - Diabase (Lower Jurassic to Upper Triassic) — Dark-greenish-gray to black, fine-grained, igﬁ;;s'virzsny of New York at Stony Brook, Long Island Geologists Program wit
the bedrock geology is shown only in New Jersey on this map. Elevations of as much as 150 Walloomsac Formation (Middle Ordovician), Hartland Formation (Middle Ordovician to Mid- massive, hard diabase. Composed mainly of calcic plagioclase, clinopyroxene and e b
ﬂ / Rps feet above sea level occur east of the Hackensack River and Newark Bay, and elsewhere dle Cambrian), and Manhattan Schist Member C (Lower Cambrian). Unfortunately, there opaque oxide minerals. Contacts are aphanitic and display chilled, sharp margins with 2007. Newlv di d inite bodi iated with the St. Nichol
| ‘-A- A they are 10 feet or less. Much of the area is covered by unconsolidated deposits of varied is no published trace element or rare-earth element geochemical data available for these enclosing sedimentary rocks. Thickness in the map area is about 900 feet but regionally ,thrust z on(:vzlnyn oﬁﬁg;f :\i anfgt?:rrll tlir:ts an?solr? sGas'\slsocgzteFovl\jnrtteetn; A;.nu; é)oa:]s_;
= thickness that range in age from Pleistocene to recent (Stanford, 1995). formations with which to identify them. Consequently, their identification is typically based is as much as 1,300 ft. ¢ ! 2 T ) )
on their mineral composition and engineering characteristics (Moss, 2010). erence on Geology of Long Island and Metropolltan New Yorl_<, State University of
The quadrangle is located in the eastern part of the Piedmont Physiographic Prov- Rps | Passaic Formation (Upper Triassic) (Olsen, 1980) — Interbedded sequence of red- New York at Stony Brook, Long Island Geologists Program with Abstracts, 13 p.
ince. Bedrock of Mesozoic age of the Newark basin underlies most of the area except Following the work of Merrill and others (1902) in New York, Lewis and Kimmel (1910- & dish-brown and, less commonly, maroon or purple, fine- to coarse-grained sandstone, Merrill. E.J. Darton. N.H... Hollick. A.. Salisb R D.. Dod RE. Willis. B dp
O€s / for the eastern part along the Hudson River, which is underlain by pre-Mesozoic rocks of 1912) named schist and gneiss along the Hudson River in New Jersey the Manhattan Schist. pm siltstone, shaly siltstone, silty mudstone and mudstone, and interbedded olive-gray, ernil, .H”A alrgoonz, D » HOIC 'f h ﬁl's L:(ry,kc.:_ " D.O ge: U.S.'G ! I's' . .,lasn resc,;sey,
y'/ the Manhattan prong. The latter are rarely exposed and nearly completely covered by un- Subsequent studies in New Jersey (Lyttle and Epstein, 1987) also correlated schist and dark-gray, or black siltstone, silty mudstone, shale, and silty argillite. Reddish-brown | Co Al ,Nesc\r(lptll(og_? ;[:el e’\\/lv cér3 1gy istrict: U.S. Geological Survey Geo-
J consolidated deposits. Bedrock there was mapped mainly from drill core samples, where gneiss to the Manhattan Schist, but to Member C as subdivided by Hall (1968). Later work sandstone and siltstone (Trps) are thin- to medium-bedded, planar to cross-bedded, mi- ogic Aflas, New yYork Lity Follo, No. 83, 19 p.
kps @ Rps 7 available, from the logs of more than 100 borings, and from well-record data summarized by Drake and others (1996) mapped these rocks as generic Manhattan Schist because of caceous, and locally mudcracked and ripple cross-laminated. Root casts and load casts M C.J. 2010 Engineering implications of newly m d Walloom Formation in
‘," y by Stanford (1993; 1995). The mineralogy, geochemistry, lithological, and structural rela- mineralogical differences observed in drill core that did not uniformly match Member C. At are common. Shaly siltstone, silty mudstone, and mudstone (Trpm) are fine-grained, 0SS, .Lé)'wer M:amhaqcta?weanc? NevF\)/ :;g”? Hsarct))or'eGe);lo aiI(F:)gIeSoci: ng :ri(;ricc; At?stcr) acts
tionships of the pre-Mesozoic rocks were used to draw contacts and interpret the geological that time the dominant formation recognized in lower Manhattan was Member C (Basker- very-thin to thin-bedded, planar to ripple cross-laminated, locally fissile, bioturbated, with Proarams. v. 42 no. 1. b. 169 ' g ty
& fowp relationships. ville, 1994). However, subsequent work based on geologic mapping and examination of drill and contain evaporite minerals. They form rhythmically fining-upward sequences as grams, v. 42, no. 1, p. 169.
] core from New York City (Merguerian and Moss, 2006; Moss, 2010) suggests that Hartland much as 15 ft. thick. Regionally is as much as 11,480 ft. thick. . _ )
& 7 ! o STRATIGRAPHY and Walloomsac formations and not Member C of the Manhattan Schist underlie that area. New Jersey Ge(_)IoglcaI Survey, 1936, Permanent note on file in the office of New Jersey
! 5 S K basi Extension of the Hartland Formation across the Hudson River into New Jersey was postu- Trl Lockatong Formation undifferentiated (Upper Triassic) (Kimmel, 1897) — Cyclically de- Geological and Water Survey, Trenton, New Jersey.
A 4' :- Newark basin lated by Baskerville (1994) and Brock and Brock (2001) based largely on the interpretation posited sequences consisting of gray to greenish-gray and reddish-brown siltstone, silty Okulewicz. S.C.. 1979. The petroloay of the Staten Island albine ultramafic body. unpub-
: g The youngest bedrock is Mesozoic and was deposited in the Newark basin, one of a that serpentinite bodies were spatially associated with that unit and not Member C. More argillite, dark-gray to black shale and mudstone (Trl) and white to buff arkosic sand- I"h ' d M A h’ . E? K gyC I 92 P y, unp
: ) series of northeast-trending rift basins that extend along the eastern North American mar- recent evidence suggests that serpentinite bodies encountered in New York City are not stone (Trla). Siltstone is medium to fine grained, thin bedded, planar to cross-bedded ished M.A. thesis, Brooklyn College, 92 p.
! Ow .," gin. The Newark basin contains approximately 24,600 feet of interbedded sedimentary and necessarily confined to the Hartland Formation and may also be present at the base of the with ripple cross-laminations and locally abundant pyrite. Shale and mudstone are thin- Olsen. PE.. 1980. The Latest Triassic and Earlv Jurassic formations of the Newark Basin
ps " H igneous rocks that include Upper Triassic to Lower Jurassic conglomerate, sandstone, silt- Manhattan Schist (Merguerian and Moss, 2007). ly-laminated, platy, with local desiccation features. Arkosic sandstone is coarse to fine ' .(E':':\stern,North America Newark Su eryrou ): Stratigraphy, structure and correla-
! R stone, and shale of fluvial and lacustrine origin, one Upper Triassic and two Lower Jurassic grained and thick to massive bedded. As much as 10 ft. of unit have been thermally . Supergroup)- grapny.
T tholeiitic basalt formations, and sills, dikes and bodies of Upper Triassic to Lower Jurassic Schist and gneiss that correlate to the Walloomsac and Hartland formations was en- metamorphosed along its contact with diabase. Thickness in the map area is about tion: New Jersey Academy of Science Bulletin, v. 25, no. 2, p. 25-51.
! diabase (Olsen and others, 2011). countered in drill-core from New Jersey. Samples of Walloomsac Formation are gray to 1,000 ft. but regionally is as much as 3,500 ft. ol ) . . Figure 1. Left photo: Unconformable contact (left of coin) between fractured and brittly
! dark-gray, fissile schist composed of plagioclase + garnet + muscovite + biotite + quartz sen, PE Kent,_ D.V., Cornet, B., W'm:f' W'K." and SChl'SChe.‘ R.W., 1996, ngh-res_olu-_ deformed basal Stockton Formation (above) and serpentinite (below) from a depth of 75
;! Sedimentary rocks in the map area include the Upper Triassic Passaic, Lockatong and + sillimanite and/or kyanite (fig. 4). They are characterized by locally rusty weathering and - Stockton Formation undifferentiated (Upper Triassic) (Kimmel, 1897) — Interbedded tion stratigraphy of the Newark rift basin (early Mesozoic, eastern North America): feet below ground surface in drill core from Hoboken. Right photo: Unconformable contact
! Stockton formations. The Passaic Formation underlies the northwestern part of the quad- sparse amounts of graphite and sulfide minerals, similar to Walloomsac Formation from sequence of gray, grayish-brown, or slightly reddish-brown, medium- to fine-grained, Geological Society of America Bulletin. v. 108, p. 40-77. between Stockton Formation pebbly sandstone and conglomerate (above white lines) and
i’ rangle but s largely concealed beneath Pleistocene to recent unconsolidated deposits of the New York City (Merguerian and Moss, 2006). Based on these criteria, schist penetrated thin- to thick-bedded, poorly sorted to clast imbricated conglomerate, planar to trough ol PE._ Kent DV d Whiteside. J.H. 2011 Implicati f the N KS ) grjeiss (below Iir_1es) from_a dep_th qf 28_3 feet below ground surface in drill core from Jerse_y
g Hackensack Meadowlands. It is in conformable contact with, and underlain by, an arkosic in drill core from a band extending from Jersey City south to Bayonne was mapped as cross-bedded, and ripple cross laminated arkosic sandstone, and reddish-brown clay- sen, R.E. Rent .V, an esiae, J.H., » Implications of the Newark super City. Note the difference in grain size in basal Stockton between the two core holes. Coin
facies of the Lockatong Formation. The contact between these formations is placed within Walloomsac. The basal part of the Walloomsac contains calcitic marble layers (Basker- ey fine-grained, sandstone, siltstone and mudstone. Coarser units commonly occur as ?mlt‘rf"btased astrgchrogolo?¥hand g(leorgagne_;!c pt_°|a”t5f’ i'r';ne Scale (Ngvyalzrk}t,ﬁ;]PTS(z for scale is 1 inch in diameter.
the Walls Island Member, where predominantly reddish-brown siltstone and sandstone of ville, 1994). White marble was recognized beneath serpentinite at an unknown depth in lenses and are locally graded. Finer units are bioturbated and contain fining upwards é)r ne emptolasn ' mo fl’_o etgary fl)[/ﬁrs:?lca I|O§ o te fggsiu“a"] a101an
the Passaic Formation give way to tan or yellow arkosic beds, or gray bed sequences of the borings at Hoboken (Geological Survey of New Jersey, 1879), suggesting that Walloomsac sequences. Conglomerate and sandstone units are deeply weathered and more com- 28\1/!r202n9men al science fransactions of the Royal Sociely o inburgn, v. P
Lockatong Formation (Olsen and others, 1996). Formation is present there in the subsurface. In addition, more than 60 feet of “slate” was mon in the lower half; siltstone and mudstone are generally less weathered and more '
penetrated beneath serpentinite at a depth of 656 feet below ground surface (New Jersey common in upper half. Lower contact is an erosional unconformity. Thickness in the . . . . . . .
The Lockatong Formation consists of tan or reddish-brown arkosic beds that interfinger Geological Survey, 1936) in a well Southeast of the marble. It is here proposed that the map area is about 1,500 ft. but regionally is as much as 4,500 ft. Pagé, Philippe, Bedard, J.H., a.nd Trembla_y,_AIaln, 2009, Qeocheml_c a_l v.arl_atlons in a de-
with cyclically deposited gray and black lacustrine siltstones 15 feet thick on average that “slate” is actually fissile, carbonaceous schist of the Walloomsac which, if correct, provides pleted fore-arc mantle: The Ordovician Thetford Mines Ophiolite: Lithos, v. 113, p.
’ comprise the remainder of the formation (Van Houten, 1969). The contact between the further support for correlation of that formation to the bedrock in these borings. Manhattan prong 21-47.
Lockatong and underlying Stockton Formation is conformable and transitional. It is placed - - . -
at the base of the Wilburtha Member in the Lockatong, at the base of the lowest black or The Hartland Formation is a heterogeneous unit, but it has distinctive variants that Autochthonous rocks (eastern Laurentian margin sequence) Puffer, J. H., 1984, Volcanlc_ rpcks of the N‘?Wa”‘ Basin, in, Puffe_r J.H., ed._ Igneou_s Roc_ks:
gray shale sequence, where tan to yellow arkosic sandstone and reddish-brown shale of the include silver to “spangled” schist that contains abundant muscovite, as well as quartz- m Walloomsac Formation (Middle Ordovician) — Tan-weathering, locally rusty, gray to dark of the Newark Basin: Petrology, Mineralogy, Ore Deposits, and Guide to Field Trip:
Stockton become more prominent (Van Houten, 1969; Olsen and others, 1996). ofeldspathic muscovite-biotite-garnet schist (fig. 5). Hartland schist may be highly magnetic gray, fissile schist composed of plagioclase + garnet + muscovite + biotite + quartz + Geological Association of New Jersey, 1st Annual Field Conference, p. 45-60.
because of the abundance of disseminated magnetite grains (Baskerville, 1994). Borings sillimanite and/or kyanite + graphite and/or pyrite. Locally contains boudins of quartz + ) o
The Stockton Formation consists of yellowish-gray to reddish-brown arkosic sandstone from Ellis Island encountered serpentinite and magnesiohornblende + talc schist underlain plagioclase + mica * garnet. Grades downward near the base of unit into calc-silicate Puffer, J. H., Block, K. A., and Steiner, J. C., 2009,, Transmission of flood basalt§ through
and conglomerate that fine upward into siltstone and shale sequences (Van Houten, 1969). by gray or silver, locally “spangled”, medium-grained schist composed of muscovite, biotite, schist and white, tan, or bluish-white marble containing calcite + diopside + tremolite + a shallow crustal sill and the correlation of sill layers with extrusive flows: The Pal-_
It was deposited directly on the eroded surface of the pre-Mesozoic crystalline rocks. This plagioclase, quartz, and less common magnetite, garnet, and kyanite here correlated to phlogopite. Maximum thickness in the map area is unknown, but north of Manhattan its isades intrusive system and the basalts of the Newark Basin, New Jersey, USA:
4230" 42307 contact is not exposed in the map area, although the contact between Stockton Formation Hartland Formation. The contact between these lithologies is conformable and displays no thickness is estimated to be 900 to 2,000 ft. (Hall, in press). Unit is in thrust fault contact The Journal of Geology v. 117, p. 139-55.
and both serpentinite and schist was encountered in borings along the western side of the evidence of having been deformed by faulting. Other drill-core samples from borings west with overlying Hartland Formation. )
Hudson River. Based on examination of core samples and boring logs, the basal Stock- and east of the layer of Walloomsac Formation match these textural and mineralogical cri- Stanford, S.D., 1993, Surficial geology of the_Weehawken ar!d Central Park quad_rangles,
ton is noted to be mainly reddish-brown sandstone, pebbly sandstone and conglomerate, teria and are also correlated to Hartland Formation. Allochthonous rocks (transported lapetan sequence) Bergen, Huc_ison, and Passaic Counties, New \?ersey. New Jersey Geological Sur-
although a few of the borings encountered white or light-gray sandstone interbedded with vey Open File Map OFM 13, 2 sheets, scale 1:24,000.
reddish-brown siltstone. The unconformable contact between serpentinite and the basal Rocks correlated to Manhattan Schist Member C in previous studies (Lyttle and Ep- - Hartland Formation (Middle Ordovician to Middle Cambrian) (Hall, 1976) — Heterogeneous - .
’pm Stockton was penetrated at a depth of 75 feet below ground surface in a drill core sam- stein, 1987; Drake and others, 1996) are here reinterpreted as Hartland and Walloomsac sequence of interlayered tan-to gray-weathering, gray, characteristically spangled ap- _— .1 99?\1’ Sut]ﬂmal g_e’(\)llogyJof the Jgrs?y (.:'“; guadrangle, Hgﬁsolcl an%lE:Twsezxo COUT'
4 ow .7~ ple from the area of Hoboken (fig. 1). The contact is sharp and no clasts of serpentinite based on mineralogical similarity. At this time it is unknown whether Member C is present in pearing, fine- to coarse-grained schist composed of muscovite + biotite + garnet + tn.as, ew Jersey. New Jersey Leological survey LUpen Fiie Map » Scale
<& / &l y 4 l,"' 4 were observed in the Stockton above the contact. The unconformable contact between the the map area. It cannot be completely dismissed, and recognition of this unit will require a quartz + plagioclase # sillimanite and/or kyanite; gray, fine-grained gneiss composed of 1:24,000.
p ¥ ~0O€s ‘ Stockton Formation and schist was penetrated at a depth of 281 feet below ground surface more definitive means of distinguishing it from other schistose rocks. quartz + feldspar + biotite and/or garnet; and dark grayish-black amphibolite composed Stanlev. R.S d Ratcliffe. N.M.. 1985. T . hesis of the T . . s
¥ . . O€th ¥ Ow S . O€s in drill core from near Jersey City (fig. 1). The basal Stockton there was noted to be mainly of quartz + biotite + hornblende. Maximum thickness in the map area is unknown. tanley, R.S., and Ratcll e_, M., 1985, Tectonic synthesis of the Taconian orogeny in west
2 p {)‘07 , reddish-brown pebbly sandstone and conglomerate. Geochemistry of pre-Mesozoic rocks - emn New England: Geological Society of America Bulletin, v. 96, p. 1227-1250.
5 g D - : . Serpentinite (Lower Ordovician to Upper Cambrian?) — Light yellowish-green to dark L .
$ ,"y ’ JYC-%C n Mesozoic igneous rocks are well exposed in the map area and consist of Upper Triassic Wall(ss%iginlgg?r:q:tri]g;yfsgfn?;éhnrgi) ;?(;Z ;?erg?\lleei ggﬁ:ﬂ?i{gﬁ:@g:g \Zg:je tpv::f(;):n”fgg green, fine-grained, massive rock. Where fresh it contains olivine, orthopyroxene, and Van Houg]ﬁtizr;n]ég?\?Anl?:t:ngrll\?:\?\/lc\{(’)\lrivﬁrgLﬁ)ri'([)zl:(p, gorg:j Cz‘égloNe\gf ‘;:Z‘Eéggc:e‘:i]?r;
,’ £ - O€h to Lower Jurassic diabase (Puffer, 1984; Puffer and others, 2009), that is the southern ex- : : : : : : : . ) chromian spinel. More commonly altered to rock composed of various serpentine min- Y R Y, 5., €d., 9y ol ]
,, y v Y tensi f the Palisades diab heet. The sheet intrudes the basal Lockat F i at Montclair State University with major elements obtained by inductively coupled plas Is that b tiall iated with light di ined . K New Jersey and eastern Pennsylvania and guidebook of excursions: New Bruns-
g g ~Boen /. O€s ension of the Palisades diabase sheet. The sheet intrudes the basal Lockatong Formation ma optical emission spectrometry and trace elements by inductively coupled plasma mass erals that may be spatially associated with light green, medium-grained massive roc wick, New Jersey, Rutgers University Press, p. 314-347.
& g and the uppermost Stockton Formation as a west-dipping sill. The Lockatong has been spectrometry. Major element concentrations of all samples are consistent with graywacke composed of talc and magnesiohornblende. Maximum thickness in the map area is
o€h o~ A thermally metamorphosed to a dark gray hornfels along the contact with Palisades diabase P ) : : L : unknown. Unit is present as bodies of varied size within the Hartland Formation. . . - S
/’V Oow O€h north of the map area. A few feet of arkosic sandstone of the Stockton have also been ther- sand; tone or shale protoliths. Overall, the_two formations have similar geochgmlcal com- Figure 2. Bepregentatlve samples of serpenthlte and related rocks rec;overed n .d”” core.
v / ; h ; : positions, although there are some clear differences. The Walloomsac Formation contains . . . . " . Left photo: Massive rock composed of magnesiohornblende + talc spatially associated with
/! g , mally metamorphosed close to the base of the sill. The age of the Palisades diabase is well - ’ ; . O€Yu| Pre-Mesozoic crystalline rocks undifferentiated (Ordovician to Mesoproterozoic) — - . - . - .
. A A - . ” . . lower SiO,, TiO,, Zr, and Nb and higher CaO, MgO, Sr, and U than the Hartland Formation. - . serpentinite from Ellis Island. Right photo: Massive serpentinite composed of serpentine
/ constrained by geochronological studies. Zircon and baddeleyite U-Pb ages of 200.9 Ma Samples of schist here correlated to Hartland and Walloomsac both have high Cr (97-120 Shown only in cross section. . | des f boken. Coin f le is 0.75 inch in di
were obtained by Dunning and Hodych (1990). Marzoli and others (2011) obtained “°Ar/*Ar P : - : : 19 . minerals + opaque oxides from Hoboken. Coin for scale is 0.75 inch in diameter.
,: / ) ) o ppm) and Ni (48-60 ppm). Abundances this high are considered a reliable indicator of detri-
’ A _ plateau ages of 202.8 Ma from plagloclase and 201.7 Ma frqm biotite from the olivine zone, tus contributed from ultramafic source rocks (Hiscott, 1984). This suggests that protoliths of
- /,' % 30 feet above the base_ of the sill, and 195.1 Ma from plagioclase collected from 300 feet both Hartland and Walloomsac may have been in close proximity to serpentinite, and pos- ACKNOWLEDGMENTS
m i S above the base of the sill sibly to each other, during deposition of their sediments. If correct, then it may indicate that The generosity of the following individuals who freely provided boring logs and/or drill-core
é ’," % Manhatt serpentinite and these formations were not isolated until they were tectonically juxtaposed samples of pre-Mesozoic rocks is gratefully acknowledged. They include: Cheryl Moss,
g - anhattan prong during the Taconian orogeny. Mueser Rutledge Consulting Engineers; Donald Heck, New Matrix World Engineering, Inc.; . . . ,
W / Pre-Mesozoic rocks of the Manhattan prong include serpentinite, schist and minor Daniel Raines, Langan Engineering; Ralph Costa, Weston Solutions; James Lewellyn, Dan Table 1. Geochemical analyses of representative pre-Mesozoic rocks of the Jersey City quadrangle.
S/ gneiss that correlate to similar rocks that crop out on Staten Island, in New York City, south- STRUCTURE Raviv Associates, Inc.; and Vincent Zambetti, The Port Authority of NY & NJ. | thank Matt
"' ern Connecticut, and possibly as far north as Vermont and Quebec. Schistosity Gorring o_f Montclair S_tate University for providing the X-ray diffraction analysis and the Sample JYC-58 IVC-72 IvC-78 IYC-75 IYC-79
A o ] o ) L. . ) ) geochemical analyses in Table 1. (wt. %) Hartland Formation Walloomsac Formation
Serpentinite crops out in the map area only at Castle Point in Hoboken but the same Metamorphic fabric in the pre-Mesozoic rocks is defined by well-developed and pene- -
‘ body was encountered in drill core samples as far south as Ellis Island. Another small body trative schistosity (figs. 4 and 5) formed by the parallel alignment of mainly biotite and mus- SiO, 62.99 61.44 60.33 57.54 57.87
was penetrated by drill core at Ellis Island. Although serpentinite was not encountered from covite. The absence of oriented drill core does not permit determination of the strike of this REFERENCES CITED TiO, 1.51 1.07 1.13 0.73 0.77
Ellis Island south to the northern shore of Staten Island, its apparent absence may be fabric in the map area, but mapping in New York City indicates that pre-Mesozoic bedrock Baskerville, C.A., 1994, Bedrock and engineering geologic maps of New York County and ALO, 15.15 18.78 19.07 17.68 17.74
due to the scarcity of drill core samples in that area. Serpentinite is a heterogeneous unit strikes mainly northeast (Baskerville, 1994). Based on examination of drill core samples parts of Kings and Queens Counties, New York, and parts of Bergen and Hudson Fe.O.* 10.27 8.09 9.30 6.18 7.06
och that ranges from massive, fine-grained rock composed of olivine, orthopyroxene, and chro- from New J(_ersey, the dip of schistosity is gentle and ranges _fro_m horizontal to about 30" but Counties, New Jersey: U.S. Geological Survey Miscellaneous Investigations Se- —
mian spinel where less altered, to rock composed of lizardite, chrysotile, talc, anthophyllite, very locally it steepens to as much as 65°. The direction of dip is unknown. In most drill core ries Map 1-2306, scale 1:24,000. MgO 2.69 2.75 2.98 3.92 3.57
and brucite (Okulewicz, 1979) where more highly altered. Other rock associated with ser- samples this fabric is planar, but schistosity in the more micaceous lithologies is crumpled o MnO 0.15 0.06 0.22 0.14 0.13
pentinite was identified during this mapping through X-ray diffraction analysis of drill core and folded into gently-plunging to recumbent structures that have been refolded. In some Brock, P.C., an;i Bmle'. Pi¥V'G" 2_00;_, ﬁehd;?Ck g?cgog¥ of New Yoc;k (lilty. Mfo Ir_e thaln|608 cao 5 49 0.43 0.62 6.42 6.94
from Ellis Island as a mixture of magnesiohornblende and talc (fig. 2). This rock is preserved of these samples, garnet displays more than one generation of growth marked by an earlier m.y. of geologic history, in Eighth Annual Conference on Geology of Long Islan : : : : :
. . . i . - - . A . . . and Metropolitan New York, State University of New York at Stony Brook, Long Na, O 3.14 1.58 1.24 1.56 0.99
CORRELATION OF MAP UNITS as a lens about 8 feet thick that is spatially associated with more common serpentinite. one that is deformed along with schistosity and a later one that cuts across this fabric. Ear- Island Geoloaists Program with Abstracts. unpaginated 2
Based on the mineralogical and geochemical composition, serpentinite is interpreted as liest schistosity is related to high-grade metamorphism during the Taconian orogeny and, 9 9 » unpag ) K,0 1.76 5.57 5.78 3.96 3.09
NEWARK BASIN forming from ultramafic protoliths such as harzburgite and dunite (Okulewicz, 1979). In therefore, Ordovician in age (Stanley and Ratcliffe, 1985). Similar late garnet growth was De Souza, S., and Tremblay, A., 2010, The Riviére-des-Plante ultramafic Complex, south- PO, 0.14 0.10 0.23 0.13 0.14
the Manhattan prong serpentinite occurs as tectonically transported slices of oceanic crust noted by Brock and Brock (2001) and attributed by them to a later stage of the Taconian . : . ) . "~
} JURASSIC now spatially associated with schist formed from metamorphosed sandstone and shale of orogeny. em Quebec: Stratigraphy, structure, and implications for th? Chain Lakes massif, Lol 0.34 nd nd nd nd
- marine origin. in Tc?llp, R.P, Bartholomeyv, M.J., H|bbard, J.P., and Karablngs, P.M.z eds., From Total 100.63 99.88 100.91 98.25 98.30
Intrusive Contacts Faults 'Rodlnla.to Pangea: The L|th0t'ecton|c Record of the Appalachian Region, Geolog- Sample YC-58 NC-72 ve-78 YC-T5 YC-79
Preserved near the top of the serpentinite in drill core samples from the area of Jersey : : : . - ical Society of America Memoir 206, p. 123-139. (ppm) Hartland Formation Walloomsac Formation
s Eom Citv i : e : h feot thick that i 4 of od Diabase in the central part_of the quadrangle_, is deformed by a brittle fault cha_lracter!zed
ps | ®p TRIASSIC fty is a conglomeratic interval as much as seven feet thick that is composed of unsorted, by closely-spaced fractures, thin zones of breccia and/or clayey gouge and by slickensides De Souza, S., Tremblay, A., Ruffet, G., and Pinet, N., 2012, Ophiolite obduction in the Que- RO 60 208 189 191 144
20 &l 40 angular to subrounded, matrix-supported clasts of mainly serpentinite as much as three locally coated by chlorite or calcite. The fault strikes north-northeast and dips moderately bec Appalachians, Canada — “Ar/®Ar age constraints and evidence for syn-tec- Ba 545 818 696 517 791
inches long, as well as dark-gray, fine-grained basalt; light-gray quartzite; and Fe-Ti oxide southeast. Kinematic indicators that consist of slip lineations on fault surfaces and offset of tonic erosion and sedimentation: Canadian Journal of Earth Sciences, v. 49, p. Sr 221 % P 021 s
minerals in a very coarse sand matrix (ﬁg. 3). The strgtlgrgphlc position of this |ptewgl be- formations indicate that the predominant movement was normal. 81-110.
iy neath the contact with Stockton Formation precludes its origin as a conglomeratic facies of Y 42.3 25.3 44.0 26.4 315
. Unconformity that formation. An origin as a “cemented” glacial till also seems unlikely because glacial stria- Other faults in the area of Hoboken and Jersey City that deform both Mesozoic and Drake, A.A., Jr., Volkert, R.A., Monteverde, D.H., Herman, G.C., Houghton, H.F., Parker, Zr 417 211 221 133 138 Figure 3. Possible sedimentary debris flow interbedded with massive serpentinite in drill
MANHATTAN PRONG tions on bedrock to the north in the Weehawken quadrangle suggest that ice movement was pre-Mesozoic rocks are not exposed but are inferred to be present based on the displace- R.A., and Dalton, R.F., 1996, Bedrock Geologic Map of Northern New Jersey: Nb 217 248 292 12.2 14.7 core from Jersey City. Coin for scale is 0.75 inch in diameter.
o } ORDOVICIAN tsoeV;?rLirgit]:r;?ggl](:glrjlg]3:?;:1(53;6}5”?:‘8[1?& ]k:-)?egp?r)é(;rohrﬁirs;%rte(,:ocr:?:(t;:r:t;eg?::‘illbrl?i,;nteﬁgtig\llﬁz ment of contacts between these units (Drake and others, 1996; this map). The disparate U.S. Geological Survey Miscellaneous Investigations Series Map 1-2540-A, scale v ™ 110 133 106 122
o ; A depths at which the contacts were encountered, the sharp truncation of schist and ser- 1:100,000.
Thrust fault proposed here that the conglomeratic interval may have formed in a marine environment as pentinite contacts, and the preservation of brittle deformation fabric in both Mesozoic and Co 26 22 24 17 20
a debris flow that was receiving locally-derived rock fragments eroded from serpentinite and pre-Mesozoic drill core from along one of the faults (for example, fig. 1, left photo) does Dunning, G.R., and Hodych, J.P., 1990, U/Pb zircon and baddeleyite ages for the Palisades cr 120 97 97 101 112
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ular and pinnacled pre-Mesozoic bedrock surface. These faults strike about N. . an jassi i : -
O€vu ORDOVICIAN and CAMBRIAN ophiolitic sequences (Page and others, 2009; De Souza and others, 2012). dip steep?y south wFi)th normal movement sense. Similar northwest-striking faults that cut fhe Triassiclourassic boundary: Geology, v. 18, p. 795798, Hf 9.20 5.80 6.02 353 3.7
b o " . . pre-Mesozoic rocks in New York City are also recognized (Baskerville, 1994). Geological Survey of New Jersey, 1879, Annual Report of the State Geologist for the year Ta 110 1.67 1.92 0.92 1.02
tain;-i:z ?ﬁﬁ g;‘:;ﬁgtmg EetZZt'(\a/l:n dr;?(::;r;/ rl)ggg f’omgﬁ%zzlly gkenoocmrr]ogifc%u;e\/l;r?ggé _ _ _ _ _ _ 1879. On file in the office of the New Jersey Geological and Water Survey, Tren- Th 12.8 13.9 17.7 11.4 12.0
wudies in the northern Aopalachian Piedmont have assianed Seroentinite an a e' of Cam. Ductll_e_deformatlon fabric that is clef’;\rly older than Mesozmc,_ and _here_ interpreted to ton, New Jersey. U 109 > 26 > 26 352 2,30
} MESOPROTEROZOIC St 1 APp _ _ 9 p g _ be Ordovician and related to the Taconian orogeny, was recognized in drill core of ser-
b_rlan to Neoproterozc_nc (Lyttle ar_1d Epstein, 1987; Dr_ake and others, 1996), I__ower Ordovi- pentinite from Jersey City and Hoboken (fig. 6). The Taconian orogeny is a compressional Hall, L.M., 1968, Times of origin and deformation of bedrock in the Manhattan prong, in La 51.40 40.6 59.6 33.9 44.0
cian to Neoproterozoic (Baskerville, 1994), or Ordovician (Stanley and Ratcliffe, 1985 and tectonothermal event at ca. 450 Ma resulting from westward-directed thrusting of imbricated Zen, E-an, White, W.S., Hadley, J.B., and Thompson, J.B., Jr., eds., Studies of Ce 106 81.1 116.5 75.7 771
references therein; Brock and Brock, 2001). Serpentinite bodies that are mineralogically, slices of island arc, ocean floor, and fore-arc basin sedimentary sequences onto Proterozoic Appalachian geology: Northern and maritime: New York, Interscience Publishers, Pr 13.70 9.40 13.60 9.40 9.60
geochemically and stratigraphically similar to those in the Manhattan prong crop out in Mas- basement and cover rocks of the eastern Laurentian margin (Stanley and Ratcliffe, 1985). p. 117-127.
sachusetts, Vermont and in southemn Quebec. In Quebec they are spatially associated with Most core samples of serpentinite examined preserve an earlier ductile fabric that dips Nd 508 355 524 35.0 36.0
EXPLANATION OF MAP SYMBOLS ir::?rglc?gcﬁrytgr:]r:gig L‘iié’ﬁié?a‘ﬂ?%?ﬁ Zfagoﬁfiﬂf:gfﬁ'giﬂif?fesaeégeo?tlﬂgigfﬁéﬁf}ﬁ‘i{i subhorizontally fo about 30° and is locally overprinted by a later ductile deformation fabric + 1976, Preliminary correlation of rocks in southwestern Connecticut, in Page, L.R., Sm 10-39 717 1052 664 o4
X o . ’ . that dips about 60° (fig. 6). Undeformed disseminated magnetite grains 1 to 2 mm long in ed., Contributions to the stratigraphy of New England: Geological Society of Amer- Eu 1.96 1.39 1.94 1.38 1.44
is Lower Ordovician to Upper Cambrian (De Souza and Tremblay, 2010). Extension of the both the Stockton Formation and serpentinite cut across a ductile fault in the serpentinite, ica Memoir 148, p. 337-349. o 505 572 5,30 =38 573
Contact - Dashed where under water. ultramafic complexes of Vermont and Quebec |r)to southern New E'n'glarlld has been pro- confirming that the faulting is pre-Triassic. : : : : :
posed.by numerous workers (Stanley and Ratcl!ﬁg, 1985). Serpentln!te in the Manhattan . in press, Bedrock geology of the White Plains quadrangle, New York: New York Tb 1.39 0.877 1.273 0.779 0.873
Fault - Dashed where under water. Queried where uncertain. prong is here interpreted to also be Lower Ordovician to Upper Cambrian in age. In the Manhattan prong, Cameron’s Line is a major structural feature that thrusts ser- Geological Survey, State Museum and Science Service. Dy 7.88 5.13 8.27 4.32 5.42
U ) ) o ) Met hosed schist and | bundant . | tered in bori pentinite and Hartland Formation onto the Manhattan Schist Member C (Hall, 1976; Bask- Ho 1.55 0.913 1.633 0.877 1.099
o1 Normal fault - U, upthrown side; D, downthrown side. Ball and bar show direction of dip. etamorphosed schist and 1ess abundant gneiss were aiso encountered in borings erville, 1994). In New York City, a structurally lower thrust fault beneath Cameron’s Line Hiscott, R.N., 1984, Ophiolitic source rocks for Taconian-age flysch: Trace element evi- E 231 205 e 239 3.00
from along the western side of the Hudson River. Most borings penetrated only schist, but places Member C onto Proterozoic basement and Lower Paleozoic cover rocks that include dence: Geological Society of America Bulletin, v. 95, p. 1261-1267. ' i i i i i
—4  Inclined thrust fault - teeth on upper plate in borings that encountered both schist and gneiss, contacts between them are conform- the Ordovician Walloomsac Formation. This fault was named the Elmsford thrust fault by ™ 0.636 0.250 0.603 0.386 0.480
able and dominated by schist with gneissic intervals ranging in thickness from 5 to 35 feet. Hall (1976), and later changed to the Inwood Hill thrust fault (Baskerville, 1994) and the St. Kiummel, H.B., 1897, The Newark System report of progress: New Jersey Geological Sur- Yb 4.39 1.40 3.86 2.79 3.19
OTHER FEATURES Samples of schist are characteristically light gray, medium grained and composed mainly of Nicholas thrust fault (Merguerian and Moss, 2006). Evidence supporting the extension into vey Annual Report of the State Geologist 1896, Trenton, New Jersey, p. 25-88. " 0731 0204 0582 0442 0476
gamet + quartz + plagioclase + muscovite + biotite. Some samples contain local magnetite, New Jersey of a thrust fault that correlates to the Elmsford/Inwood Hill/St Nicholas fault is : : : : :
® Bedrock outcrop used to construct map kyanlte,_or S|II|m_an|te. Most of the schist is hlgh_ly micaceous an_d fairly uniform in textl_Jre, not recognized. Lewis, J.V., and Kiimmel, H.B., 1910-1912, Geologic map of New Jersey: New Jersey .
. suggestmg that it probably formed f_rom a protolith that was domlnantly_ §ha|e. Some mica- Department of Conservation and Economic Development, Atlas Sheet 40, scale 'I('iotal Fed as Fe_zo3d
4 Well or boring ceous drill core samples also contain layers that are somewhat more siliceous, suggesting In the map area, serpentinite and Hartland Formation are thrust directly over Walloom- 1:250,000. n Lb?oltositﬁan;lr:ﬁtion
Y58 _ _ that the protolith was sandstone interbedded with shale. Samples of gneiss are medium sac Formation which is exposed in a structural window beneath a folded thrust fault here ’ 9
¥ Drill-core sample analyzed for geochemistry. Number keyed to Table 1. gra"_]e‘j and well fo"at_ed' Th_ey_ range from light-gray gneiss compos_,ed of garnet + quartz + interpreted to be Cameron’s Line. The fault extends along the western side of the Hudson Lyttle, P.T., and Epstein, J.B., 1987, Geologic map of the Newark 1° by 2° quadrangle, New . . .
plaglqclase + muscovite + biotite, to_ dgrk gray to .graylsh-t?lack gneiss gom_pogeq of ga}rnet River from Hoboken to Bayonne and then continues north of Kill Van Kull and Staten Island Jersey, Pennsylvania, and New York: U.S. Geological Survey Miscellaneous In- F_|gure 4, R_ep_resentatlve samples of Walloomsac Forrpatlon. Left photo: Quartz + plf_i-
+ su_Iflde + quartz + plagl_oclase + blotlt_e + graphlte. The_ Ilght-grgy gneiss is similar miner- where it is concealed beneath Mesozoic rocks. The apparent absence of Manhattan Schist vestigations Series Map I-1715, scale 1:250,000. gioclase + blot_lte + _garr_1et + sulfldt_a gneiss from Jerse_y City (_taple 1, sample JYC-_75). Coin
alogically to the more siliceous layers in micaceous schist and likely formed from a sand- Member C above the Walloomsac Formation may mean that it was removed by faulting, that ' ' for scale is 1 inch in dlgmeter_. Right photo: M_uscow_te + biotite .+ quaer + plagloclase +
stone protolith. Dr|II-_core sqmples of both sqh|st and gneiss co_mmonly_ contgln cqnformable it was never present between the two units, or that it is present and has been misidentified Marzoli, A., Jourdan, F., Puffer, J.H., Cuppone, T., Tanner, L.H., Weems, R.E., Bertrand, garnet + sulfide £ graphite schist from Jersey City. Coin for scale is 0.75 inch in diameter.
layers Iesslthan 0.5inch thlgk of coarse-.gralned rock that is mlneraloglcally identical to, and here as Hartland Formation. It is noteworthy, however, that in lower Manhattan Island, New H., Cirilli, S., Bellieni, G., and De Min, A., 2011, Timing and duration of the Central
has gradational contacts with, finer-grained gneiss suggesting that it formed through local York, the Manhattan Schist is also interpreted to be absent between the Walloomsac and Atlantic magmatic province in the Newark and Culpepper basins, eastern U.S.A.:
melting of the host gnesiss. Hartland (Merguerian and Moss, 2006). Lithos, v. 122, p. 175-188.
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-2,000 -2,000 Figure 5. Representative samples of Hartland Formation. Left photo: Quartz + plagioclase + biotite + Figure 6. Ductile fault deforming serpentinite from a depth of 66 feet below ground surface

in drill core from Jersey City. Note the gently-dipping fault fabric toward the upper part of
core that dips at about 30° overprinted by the more steeply-dipping fault fabric in the center
of the core that dips about 60°. Coin for scale is 0.75 inch in diameter.

garnet schistose gneiss from Hoboken (table 1, sample JYC-58). Right photo: “Spangled” biotite + mus-
covite + quartz + plagioclase + magnetite + garnet schist from Jersey City (Table 1, sample JYC-72).
Coin for scale is 1 inch in diameter.
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