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General Information 

The material in the guidebook has been arranged in the alphabetic 
order of the field trips. In each of these sections, the material is 
paged consecutively A-I, A-2, ~~~, B-1, B-2, ---, etc. Text references 
within each unit have been shortened to the page number for brevity. 
Illustrations are usually placed at the end of the unit, unless they re­
late to a particular part of the text. Some illustrations have page num­
bers, others do not. 
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THE ONONDAGA LIMESTONE AND THE SCHOHARIE FORMATION 

. , ... IN SOUTHEASTERN NEW YORK 

William A. Oliver,.Jr.",.'~, 
John H. Johnsen 
J 6hn'B ~ S6titha:rd' 

TRIP A 

. Correlation and fa,cies changes in" the Schoharie,!arid 

Ononda9aFormations;telatioriship to the Esopus Formation; 

relationship'.of the outlier at Highlands:,Millsto (the main 

... ' ' belt -along the Catskill '.Front • 
. '",' 

, " ; Editor' s Notel~': This trip was,'organized by John Johnsen 
. , '.1. 

. " . . . 
.-r .:. ~.! 1 ' >.;: r :; . 

: I ~. 

\ . 

in Poughkeepsie';'L WiJ.1iaIYi' Qliver; in Washington. and, John, S,Outharci, ".' 

in Cambridge. The presentation consists of a paper on the 

Onondaga in the Front area by William Oliver, a paper by John 
:"I;,-!-.";;", '~.' ":~):'. .:lj;.:; :~~~:')" ~. ",;' ,:[;'".1 ·~·.''''i:· ' ..... i'<';' .:.!:f.'J: :;:1: 

'f;' Johnsen; and:roM. 'S:O:ut~d:ias!co~authorsor1; the"Sohoh;a..rd.e:;i.in 'I",j;; .:. r; i ~ 

.~) r{J 

the Front area and the Schoharie and Esopus in the outlier, and 
, t.': . ,',_ " .: ..... 1:._: 

··':c6Inbined note's1.and discussion' of the."si"tuation:/iat eaCh! s.9hedule!i . i"'! 
.' . .: iJ :j. ~ "!":- ;;( 

':r: !".Stop ... ' 
:-: i . ;:' ( J t ! :' ~ -;.t. 

. .... ":" ,', . - ., .. : 
• I , :~ 

; ;,'. 

.- I •• c: . _ ~. 
·,t,'. ;:;':',: ." .:.' ':,", 

\" /' 
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THE ONONDAGA LIMESTONE IN SOUTHEASTERN NEW YORKli 

by William A. Oliver, Jr.£! 

11 Publication authorized by the Director, U. S. Geological Survey 

,Y. U. S. Geological Survey~ Washington, D. C. 

Introduction 

The Onondaga Limestone in New York is a complex of lithic and faunal 
facies that has been subdivided into four members of more or less constant 
age across the state. In central New York, these members are further sub­
divide.d into a succession of 1'2 local faun,al zon~,s, which persist laterally 
for several tens of miles. Lateral changes permit the recognition of sev­
eral facies within 'each meinber. ,One purpose of the present trip is to 
observe the facies changes along the outcrop belt between Catskill, Kingston, 
Wawarsing, and Port Jervis, a total distance of about 50 miles. In the 
following paragraphs, the formation is first discussed in its type area 
near Syracuse, then io,the Helderberg escarpment just north of the trip 
area, then .in the trip area itself, and finally in the vicinity of 
Stroudsburg, Pennsylvania~ just south of the trip area. 

; ~ > 

The Type Area 
X' -'1 

, . In the type area near Syracuse, New York, the O~ondaga Limestone 
has'bet!!n '·~(ibdivided intofour·members' (OHver,,·)9,54). From the bottom 

f :. 

these are: 
.. ~ ;~ .' ::" .:" ... , i r : " .7".", .:;:';,':.;' ,.' 

·'1 ~. ~": : ~ :' !..:.:. " .:. 

. Edgecliff Member: Light-gray, coarse-grained 'limestone in beds 
':hinging 'from 'half ai·foot to 3, feet. in .. th.icknF!ss .• "J_igl'r~:-:-g17ay chert is 
common in the upper part, but in places, especiaiiy towarclthe east, it 
is found throughout the member. The Edgecliff Member is c)1aracterized by 
solitary rugose and tabulate corals which in places are so abundant as to 
form coral biostromes. The matrix consists of crinoidal debris; certain 
large columnals, three-fourths inch in diameter, are characteristic. 
Brachiopods are found at most exposures but are not common. The member 
is 8 feet thick at Syracuse and thickens toward the east.\ 

Nedrow Member: Shaly limestone grading upward into more massive 
fine-grained limestone. The lower part of the member is characterized by 
an abundance of platyceratid gastropods and two species of solitary coral, 
but both are less common upward. Brachiopods are very common, but the 
same species range into the overlying Moorehouse Member. The,thickness 
ranges from 10 to 15 feet. 
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Moorehouse Member: Medium-gray,:,fine~ined limestone with black 
chert throughout but especially abundant in the 'upper half. A variety of 
brachiopods, gastropods, small corals, nautiloid cephalopods, and trilobites 
form the largest and most varied fauna of any of the members. The thick­
ness rarig~sfrom,20 to 25 feet. 

.:' ." ~ : c' 

'" ' Seneca Member: A succession of .aiStlI1ctivebedsof f1ne-graine''d 
limestone similar to'the upper partof::the ;.M&;~eh()use'- in the ,lower ,part~ ';, 
but becoming darker and 'less cherty upward., The basal u\lit,'of,::,:the meffiber ,~~,': 
is the Tioga Bentonit,e, (of Fettre, 1952); suc'cessive bedsCire characterized:'8h' 
by the brachiopodCho'rietes lineat,us and a J,Etw additional brachiopod and' 'J" '! ~,; 
coral species. This nieffiber grades upwardi.htofhe Uriion Spr,i'pg~ ,Black 
Shale (o'f Cooper~1930).';"" c, ,,' • 

", '!J .. ; ,~d' . . . . . r • 

The: Helderberg Area :' : 

Facies chariges east and southea15t' of Syra'cuse have~;b~~ndescribed 
by Oliver (1954', 1956a). Changes in the Helderberg area, j~./st nOrlh' of' the 
field:trip, are summarized in the following paragraphs. 

The EdgeCliff Mem15~r maintains the same lithology~~d fauna as in 
the type area, bi.It' is repiiesented by a bioh~rm (reef) facies at many local­
i ties from Richfieid~prrhgs east to the rr~:lderbergs 'and south toCd:lcsackie 
(Oliver( 1956b). The,-',sOutheasternmost,reer. is Jus,t 10 miles nort,h,of Leeds" 
(st6p 2). The normal.thickness of the mem~~~ in·this area is 30 feet~ , 

The Nedrow Member passes eastward into a lithology like that ,of' 
the Edgecliff Member. Although not shaly, the Nedrow is thin bedded in 
its lower part and is characterized by the same species of platyceratid 
gastropods and co.rals as in the type area. 'Associated with these are a 
variety of brachiopod and coral species not'.11mi'ted to the member. The 
thickness in theHelde~bergs'is the same as,i~ the type area~ 

. i: ::\ . 

-=:; .i 

• I~' 
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Southeastern New York 

(Field Trip Area) 

From the Helderbergs, the Onondaga outcrop belt extends south to 
Catskill and Kingston, then southwest along the Rondout Valley "to Wawarsing 
and Port Jervis. Lithdlogic and faunal changes are described in detail in 
connection with the individual stops but are summ~rized here. Onondaga 
stratigraphy in this area was described by Oliver (1956a). 

Edgecliff Member: At Leeds near CatskHl, and at Kingston (stops 
2 and 4), the Edgecliff Member is somewhat thicker (36 feet) and much more 
cherty than in the other area described. Corals are less common but the 
characteristic large crinoid columnals are present throughout the member. 
Farther southwest at Wawarsing (stop 5), the Edgecliff is a thinner, darker, 
and finer-grained limestone with little chert. Fossils include the charac­
teristic crinoid columnals, small corals and scarce brachi:opods, bryozoans, 
etc. At Wawarsing and farther south, the Edgecliff is recognized mainly by 
its large columnals. 

Nedrow Member: The eastern facies of this member as described for 
the Helderbergs persists as far south as Kingston. At Leeds (stop 2) and 
Kingston (stop 4) the member is lithologically similar to the Edgecliff. 
At Leeds some 43 feet of platycerat'id-bearing beds are referred to the 
Nedrow. The thickness at Kingston is unknown, but at Saugerties (midway 
between Leeds and Kingston) the Nedrow is approximately 34 feet thick. 
South of Kingston the platyceratids disappear and the,member cannot be dis­
tinguished from the Moorehouse Member. 

Moorehouse Member: No complete section of this member is known in 
the field trip area. In the Leeds-Kingston area the lithology and subdi­
visions are as described for the Helderberg area and the member is predom­
inantly a medium-light-gray, medium-coarse-grained limestone. Southwest of 
Kingston at Wawarsing (stop 5) the lower 50 feet of the member is darker 
and has a less varied fauna. Exposures in small qu~rries near Ellenville; 
just southwest of Wawarsing, indicate that the lighter and coarser limestone" 
persists in the higher part of the me~~er at least that far south. At Port " 
Jervis,-only small exposures are known~ all lithrilogically similar to the 
Wawarsing outcrop. The Moorehouse thickness increa~es from 70 feet in the 
Helderbergs to more than 100 feet at Saugerties. The thickness at Port 
Jervis is estimated at 190 feet. 

Seneca Member: The uppermost member of the type Onondaga is re­
placed in the Helderbergs by the lower part of the Marcellus Shale. No ex-
posures of the uppermost part of the Onondaga are known in the trip area, ;,.' 
but it is unlikely that the member reappears in southeastern New York. 

Southwest of Port Jervis 

Thirty-five miles southwest of Port Jervis, just northeast of 
Stroudsburg, Pennsylvania, the Buttermilk Falls Limestone of Willard (1939, 
p. 144) is the approximate equivalent of the Port Jervis Onondaga. The 
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basal 20 to 30 feet of the Buttermilk .Fall!; contaiFl9-rthe:'-characte~istic 
large crinoid colurhnals of the Edgdcliff MGmber, but it is otherwise sim­
ilar to the;overlyffig beds .. 

.Accor:dingtc(D~C. AI-vordof the V. S~ Geological Survey, Willarc;i!~ 
Bu'ttetmilkFatisLiiTiestOrie·· ir'icludeEi an upper cuni t with interbedded shale, f:·; 
approximatelY·50:feet 'thick, ':anda :lo':;'2r,"more'massive, cherty unit, 150:,:!: 
feet thick (oral communication, 1961). Both units are finer aod:,darker " 
than the Helderberg Onondaga and the 10W3r one is similar in all respects 
to the Onondaga exposed in the Wawarsing-Port Jervis area. 

~etween Kingston and Stroudsburg, the typically lighter colored and 
coarse;r' Onondaga passes into the darker C},,,j finer Buttermilk Falls type of: 
lithology.' The 'nOrtheastward 'extent of t110 shaly upper unit of the Butter­
milk Falls is unknown. However, it f.12.y extend into New York, and lack of 
upperOnondagao~tcrops in the Wawarsing-Port Jervis area may indicate that 
0i~ part of the>formation is le'ss rGsist<::'.lt to erosion. ,':';,~j'::: 

! 
Formation Thicknoss 

'" :. 
·'i 

'The ea~tward thickening of iho On0hd~g~·~imestone is indicated by 
the following approximate figures:- , .. j .. 

:.; : 

Syracuse .i 

Morrisvil19 
Cherry Valley 
Helderber·g area 

6~ to 70 f~et, thick 
, : 90 

118 
115 

South of the He'lderbergs· i~ tha' trip' b:::"C'3 ·che formati'on has a·ffiinimum ihrck-
ness of 165 feet at Saugerties, midv-!ay between Leeds ·and Kingston. At Port 
Jervis the thickness is probabl y no mc::''? than :200 feet, the known thickness 
at 'Stroud.sburg, Penn~:;ylvariia" 35"tlile:;t:o tha; south.:, 

"':'. :;' '.1. \''''\.' 

, Age of the Onondaga 
.' ' ~." ~ . '. - .' ., .... 

Oli ver (1960) 'has recentl y ,S·Ufi::"';"l::,:L:'od the faunal evidence for a 
Middle Devonian (Eifelian) age fo~ ti18 Ononda0a Limestone. Two coral faunas 
are recogni.zed in ,this part of t:1e Dovonia;'1 in western New York, the lower 
one beingl1m.Hed'to the sub .. E&j281iffj):~::>:~._r.:::_2i.§. zone (zone· B, ;2 feet tfl~ck, 
of Oliver, 195'4).' ··:tn the Helderhei"g re"sian sQmd elements of this lower 
coral fauna are found in the typical Schoharie Formation (of Vanuxem, 1840, 
p. 378). The lower corals themsolv63 2~Q :2?S01y endemic and do not bear 
on the age question. Associated brQchio~od3 are of Early Devonian (Emsian) 
age, according to A. J. Boucot (oral COr.J.l1L'nication, 1961). . 

The upper coral fauna is abundantly represented in the Edgecliff 
Member and in the eastern facies of t:10 Nedro'.v and Moorehouse Members. 
These corals indicate a Middle Devonian (Eifelian) age for the Onondaga 
Limestone in central and eastern New Yo:ck. Nautiloid cephalopods in the 
Nedrow and Moorehouse Members and rare gOuiatites in the Nedrow Member 
support this age assignment (Flow9r an~ House in Oliver, 1960, p. 174). 
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In the Wawarsing-Port Jervis ar&a corals are not common and the 
more diagnostic forms do not appear •. Correlation is based on tracing the. 
large crinoid columnal beds from the type area and the Helderbergs, south· 
to Port Jervis and Stroudsburg. Such a thin and persistent zone is not 
likely to.vary significantly in age in this sh~rt distance. It is con­
cluded that the Onondaga Limestone, in the Waw~rsing-Port Jervis area, and 
the Buttermilk Falls Limestone, in the Stroudsburg area, are of Middle 
Devonian age. 

References Cited 

Cooper, G. A., 1930, Stratigraphy of the Hamilton group in New York, 
parts 1 and 2g Am. Jour. Sci., 5th ser., v. 19, 
p. 116-134, 214-236. 

Fettke, C. R., 1952, Tioga bentonite in Pennsylvania and adJacent states: 
Am. Assoc. Petroleum Geo!., Bull., v. 36, p. 2048-2040. 

Oliver, W. A., Jr., 1954, Stratigraphy of the Onondaga 1i~stone (Devonian) 
in central New York: Geol. Soc. America Bull., v. 65, 
p. 621-652. 

1956a, Stratigraphy of the Onondaga l.imestone in eastern 
New York: Geol. Soc. America Bull., v. 67, p. 1441-
1474. 

_______ , 1956b, Biostromes and bioherns of the Onondaga l.imestone 
in eastern New Yorkg New York St. Mus., Circ. 45, 
23 p. 

, 1960, Coral faunas in the Onondaga limestone of New Yo~k: 
------ U. S. Geo!. Survey Prof. Paper 400-B, p. i72-174~ . 

Vanuxem, Lardner, 1840, Fourth Annual report of the geological survey of 
the third district: N. Y. Geo!. Survey,. Ann. Rept. 4, 
p. 355-383. 

Willard, Bradford, 1939, The Devonian of Pennsylvania; Middle and Upper 
Devonian~ Pennsylvania Geol. Survey, Sere 4, 
Bull. G 19, p. 131-481. 

. . ';.1 .'. 

; . ;~ 

,i; 



A-7 

TH.E SCHOHARIE FORMATtON IN SOUTHEASTERN ,NEW YORK 

>r.,;, " cQ ... authors : -' 
":; " 

" r:., John H.': J ohosen!' 

John ,B. Southa~d 2', 

~ .;" .-

" Introd~ction . (', 

'j' This article was prepared from th~ee sources:',:(l) a paper by 
Johnsen (1957) which presented a major revision of the Sch~harie Forma­
~~on; (2) an unpublished paper by Southard (1960) d~aling ,fn part with, 
rocks of Esopu,s and Schoharie age in the northern part of,a narrow, out .. , 
li,er southeast of the main bel f of 'Esopus and Schoharieoptcrop; and (3) 

;notes from one summer's field wo;rk'by Southard in 1961 .1;:0 work out in more 
detail ,the stratigraphy of the EsOpus and Schoharie Formations along/the 
main belt of outcrop from Leeds to Port Jervis, New York. Since this 
article is based on independent work of both writ~rs, neither assumes the 
status :of senior author. The general statement about the Schoharie was 
.w.ri;tten 'by Johnsen and is based entirely on his WClrk. The description of 
the Schoharie' filn the field t'rip area, !,!xClusi ve of the outl~er, waswri tten 
bySoutha~ using Johnsen's: work as a'ba:sis and incorporating hi,S own ,mews 

.{involving a fe~:ll!ajor changes')3. The"section on the outlier is entitely 
--Southara IS. ,'-

;"1, 

The 'Schoharie Formation'Redefined . . .;:: 

,L ' 

','. Detai led stratigraphic and petrographic st\idies permit redefinition 
of the Schoharie Formation. It'is a complex of l~thologic facies extend­
ing along the Devonian (Onesqueithaw)< 'outcrop from.' Herkimer County, New 
York, - at least to Monroe County, ·PennsY'IVa.nia, a 'distance of more than 200 
miles (Fig. 1). The formation thickens south to Port Jervis, New York, 
and thins again in New Jersey and Pennsylvania (Fig. 3). The general char­

c~~cter~of 'the Schoharie succession is th~t ofa moderately thick transition 
'ione of ,mixed clastic carbonate ~btks lying:abbve the do~inantly clastic 
rocks of the Esopus Formation and ·below.the carbonate rocks of the Onondaga 
Formation. 

";::,.:"fi- :,-. \ 

1. Depar.tment of Geology and Geography, Vassar Copege, Poughkeepsie, N.Y. 

2. Department of Geological Sciences, Harvard University, Cambridge, Mass. 

3. These ch~~g~s concern the recognition of the black bed in the Carlisle 
Center/Member (p. l~, th~ nature of the contact between the Carlisle 
Center and A~uetuck Memb~rs (p. Ii, and ,the tracing qf the Aquetuck 
Member south from Leeds (p. 13). . -
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Several subdivisions are recognized. The lowest subunit is des­
ignated the Carlisle Center Member. It consists primarily of calcareous 
mudstone and calcareous siltstone and is characterized by a sparse fauna 
made up of small forms. Taonurus caud~-galli is common in east-central 
New York (Herkimer to Albany counties), less common in the Mid-Hudson 
Valley and rare in southeastern New York. A more detailed description 
of the Carlisle Center follows in the section on the field trip area. 

The Carlisle Center Member, for the most part, corresponds to the 
"Carlisle Center Formation"4 of Goldring and Flower (1942). These authors 
applied the name "Carlisle Center Formation" to 2Q feet of shale which· 
were formerly included in the upper part of the Esopus Formation and which 
underl ie the "Schoharie .Formation" of Vanuxem (1840) in Schoharie and 
Otsego Counties, New York. They pointed out (op.cit., p. 690) that these 
beds are present along the belt of outcrop to Port Jervis, New York, where 
they measure 200 to 225 feet. At Leeds in the Mid-Hudson Valley and at 
Port lervis~ beds assigned by Goldring and Flower to the "Carlisle Center 
Formation" are correlated with the Esopus Formation. In these localitie·s, 
th~ Carlisle Center Member is higher in the section. 

Except in portions of east-central New York, the contact with the'> 
Esopus Formation is placed at the bottom of the lowest beds of siltstones· 
or mudstone sufficiently calcareous to effervesce in cold riilute hydro­
chloric acid. North of Kingston, New York, the base·is locally marked by 
~tauconite; south of Kingston, a ~ersistent zone of Leptocoelia acutiplicata 
aids in defining the base. 

The Rickard Hill Member lies above the Carlisle Center Member in 
east-central New York and corresponds to the "Schoharie Formation" of 
Vanuxem (1840). It consists principally of sandy limestone and calcare­
ous sandstone containing may. brachiopods and conspicuous cephalopods. 
Some of the rock is argillaceous sandy limestone and calcareous argillaceous 
sandstone. The member ranges in thickness from a thin film, where it wedges 
out one mile southwest of East Springfield, New York, to six feet in ' 

. \ ;': Schoharie and western Albany Counties. Variations in thickness are not . 
regular but general eastward thickening is apparent. At places glauconite: 
is abundant in the lower part of the member. 

The Rickard Hill Member passes laterally into finer calcareous strati 
in south,E;rn Albany County which are readily divisible into two subunits in 
the Mid_Hudson Valley. The lower subunit, designated the Aquetuck Member, 
is comppsed ofcalc~~eous siltstone with minor argillaceous limestone and 
calcareous sandy mudstone. Chert is present within the member in the upper 
Mid-Hudson Valley, but the chert diminishes rapidly to the south as the 
subunit becomes .vaguely banded and limier. Glauconite is present in asso­
ciation with sand-size grains of detrital quartz in some sections. The 
member carries. meager fauna in all sections. 

4. Originally Sharon Springs Formation, a name subsequently found pre­
occupied. Winifred Goldring and R. H. Flower, Discussiong Am. Jour. 
Sci., vol. 242, 1944, p. 340. 
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The upper subunit, or Saugerties member, is distinguished by con­
spicuous layers of limestong alternating with layers of calcareous mud­
stone, calcareous argillace9us sandstone or argillaceous limestone which 
often contain varying amounts of quartz sand in Albany, Greene and Ulster 
Counties. Southward pure l~mestone is absent and the Aquetuc'k- and 
Saugerties Members gradually B'ecome increasingly difficult to separate in 
the field. 

Except for the Richard Hill Member, the Saugerties is the most 
fossiliferous s~bdivision of the Schoharie formation. The fauna is not 
restricted to any' one rock type. Brachiopods exceed all other faunal 
groups in number~ of individuals and species. A few fragmentary ortho­
cera cones and cyrtoceracones, typical of the Rickard Hill Member, are 
present in h~ghest Saugerties beds in the upper Mid-Hudson Valley, sug­
gesting contemporaniety with the Rickard Hill Member. 

In the Poft Jervis region, all members of the Schoharie Formation 
are nearly alike in composition, texture and appearance. At Trilobite 
Mountain, the Carlisle Center beds are limier upward and, by imperceptible 
changes, the rock gradually takes on the lithology of the upper members. 
The selection of the exact position of the boundary between the lower and 
u~per divisions is a matter of opinion. 

Sections are rare and incomplete in N~w Jersey and eastern Pennsyl­
vania. Persistance of the Leptocoelia zone to Experiment Mills, one mil~ 
south-southwest of Buttermilk Falls (Stroudsburg region) serves to dis­
tinguish the base of the Carlisle Center in Monroe County, PenQsylvania. 
The upper part of the Schoharie Formation is marked by the appearance of 
quartz sand in Sussex County, New Jersey, which increases in quantity 
southwestward to Stroudsburg. 

? In east-central New York and the Mid-Hudson Valley, the Schoharie­
Onondaga boundary is drawn where lowest Onondaga limestone is typically a 
coral and crinoid biostrome, which locally may pass into a bioherm facies. 
To the south; conditions of sedimentation were more nearly uniform produc­
ing lower Onondaga sediments very similar in appearance to those of the 
upper part of ,the Schoharie Formatiori. Separation is difficult on purely 
lithologic grounds, but charatteristi"c crinoid columnals (Oliver, 1956) 
identify basal Onondaga to Stroudsburg, Pennsylv'ania. . 

A summary of the usage of stratigraphic names for the rocks involved 
in this study is given in Figure 2~ 

NOTE: Within the last year, Southard (persdnal 'communication) began a 
restudy of the Esopus-Schoharie rocks between Catskill and Port Jervis, 
New York. He essentially shares the writer's views on the sUbClivision of 
the Schoharie and the placing of the lower and upper contacts. His work, 
however, has resulted in some internal changes'regarding the position of 
the Schoharie subdivisions in the'Kingston region ~ namely th~ placing of 
the Carlisle Center-Aquetuck b(}ljJ){jary. Southard's discussior'i in the sec­
tion that follows is based on his point of view. 



FIGURE 2. THICKNESS OF SCHOHARIE FORMATION (IN FEET) AND USAGE OF STRATIGRAPHIC NAMES 
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The Schoharie Formation if! the, ,FielGhTrip Area 

Carlisle Center Member ' 
".: ; 

, '. "', . ,~~, .. ). . I ' ;.' '";\, 

The Carli:sleCenter Member consists of calcareous mudstone with 
interbedded muddy limestone laye:r.s ofv,3;t'yi};l9 degree:s ',o{'dfs~{nctness. 
TheTe exists a complete X"ange ol"J)ed's -9;K~·rock' ty:pe!,intermeotate befw~~n 

. '~~::Y~';!h1~~i~~( 4~~'~'; ~X~~~';) ~ ~'ff~t'~~~:~\~dO:i~':~;" s~~~~~6(';~~~1 f::~~~~" 
They weather light and are less affected by cleavage than the c-allcare'ous 
mudstone. The less calcareous beds, which comprise most of the member, 
are thicker and less distinct tOi3n the mbjQdylimestone beds. The member 

• . . ~ .(' ~ ..... -. : :., , (. ',,' c;. . '. . . . 
,,_;;:shows ca.!gradual 'lncrea.~e in +l,me, content upward, so that most of the 

cabcareOU5'>bedsoccui':t'fi'the upper part;,moreover; as the member thickens 
,~~southwaX'd, rthe~e'~h'igh;eJst: cal careous bcds"pecome more distinct. 

The 'rock~of the member displ~y prominently the results of activity 
'of burrowing organisms. The tubular burrows, 1-5 mm thick, tend to De 
,flattened in th:e:.plane or .;the pedding. They appear both as spots and 
streaks onweathe-f~d surfac~s~'_ They show sharp contacts with the surround­
ing sediment. rhE(org~nisms have blYl'red the contacts between layers (such 
contacts are eit~er abrupt or gradational) by carrying sediment from one 

-r' layer down into ~ri6ther,resulting,in light weathering burrows in dark 
weathering sediment,or \rice versa., T~!:!]'.l!.§. r,auda-galli markings are 
present in the lowest part of the ri;e.T.DeT as far south as Kingston. 

. . f~: 

A distinctive two- to three-fopt black bedconsi~tlngof very hard 
fine-grained siliceous slightly calcareous rock (not'true chert) is present 
in all sections in the main belt of outcrop from Leeds Ito Wawarsing, ex­
cept at Catskill. It is black where fresh and black to reddish purple 
Where weathered. Its extent north of Leeds and south of Wawarsing is un­
certain'~,· At Trilobiti:? Mountain (LmUc NE of Tristates, N.Y.) the part , 
of the, se'Ction in which the bed should'" occur is not 'exposed. Its charac-' 
ter and gre'atlatera.J~extent sugge~t th,at~it represents some sort of rela­
tivel y brief episode of chemical dqp9,~i:ti'on superposed on the normal 
C~rlisle Ceht~r d~position. .-~ 

Ih ~}l sections from Leed~to Trilobite Mountain the:Carlisle Center 
Member: is unde~lain by the Esopu's,' Formation. The contact is well exposed 
in Illost sectIons from Leed~tQ ,Kil1gstoil, but at Wawarsing and Trilol:Jit~ :,: 

'Mountain it 1~'coVered. 'Although the calcareous mudstones of the Schoharie 
rest with abrupt; contact' on therion-calcareous- rr.::tdstones of the Eso'pJs ' 
wherever thE{Icdritact is 'e)(pos'ed ~ there is :phystcaJ:-ievidence of dis2onform­
i tyoni y at :the ~ailrb:ad ,c.'u,t' .in Kingston. Jhe:r'cr (ttt'S lowest bed of 'the 
Carl:i'sle ;'G~h't'er' truncates the strata of the"Esopu-s :a::tr cr,'sma'~llfcihgleJ~' This 
truhcatton: seems' to be merely a local feuture, h0w8v~r, becau'se where the 
contat1: is exposed' along the raii;oad tracks a few hundred yards east of 
the mdin section (p.1'7) there is no evidence of truncation, the contact 
having the samecha,ract~r as in sections elsewhere. Glauconite and 
quartz sand graihs.are present in the lowest beds of the member wherever 
the contact can be ~bserved. A break in deposition between the Esopus 
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and Schoharie is likely, even though a disconformable relationship can be 
proved in only one locality, because of the abruptness of the upward change 
from non-calcareous to calcareous strata and the presence of glauconite and 
quartz grains in the basal beds of the Carlisle Center. 

Glauconite grains and quartz sand and fine pebbles also occur in the 
upper part of the Carlisle Center Member. This is discussed in connection 
with the lower contact of the Aquetuck Member (see below). 

Aquetuck Member 

At Leeds the Aquetuck Member consists of {~terbedded calcar~o~& mud­
stone and muddy limestone with abundant thin layers of dark':;weatherirw' 
cherty rock not sharply distinct from the calcareous' mudstone, and lay~rs 
of small chert nodules. The muddy limestone layers are similar to those in 
the upper part of the Carlisle Center Member to the south, as is the nature 
of the interbedding. To the south (Kingston) the chert nodules disappear 
and the thin dark-weathering layers in the calcareous mudstone become in­
conspicuous (but do not disappear). Layers of 3-to IO-inch nodules of 
light-gray-weathering slightly muddly limestone that show abrupt, contacts 
with the surrounding calcareous mudstone are present instead of continuous 
layers of muddy limestone. The nodules contain less mud than the limestone 
beds in the Aquetuck at Leeds or in the underlying Carlisle Center. South 
of Kingston, exposures of the upper part of the member are poor; the lower 
part is the same as at Kingston except that the layers of limestone nodules 
are more widely spaced and the nodules are larger. The member as a whole 
becomes more calcareous upward, so that in the upper part the calcareous 
mudstone verges on very muddy limestone. Burrow markings are present 
throughout the member but are not as conspicuous as in the Carlisle Center. 

Although the contact between the Carlisle Center Member and the 
Aquetuck Member is nowhere sharp, the gradation between them takes place 
over a progressively greater thickness from Leeds (about 6 inches) to 
Kingston (4-6-feet). The glauconite and quartz sand in the upper part of 
the Carlisle Center, occurring as irregular wisps, lenses, and scattered 
grains, in greatest abundance at the top of the member and 'decreasing in 
quantity downward, seem to be closely associated with the change from the 
Carlisle Center to the Aquetuck. Both their quantity'~nd the proportion 
of the Carlisle Center in which they occur decrease to the south, along , 
with the increase in thickness of the transition strata between the members. 
They disappear entirely before reaching the Kingston railroad cut. This 
evidence suggests, but does not prove, that there was an interval of non­
deposition between the members in the north but not in the south. That 
there was a change in deposition is shown by their differing lithology; 
th?t this change was accompanied by (or preceded by) some unusual deposi­
tional event i§ shown by the sand and glauconite. The cause of the in­
crease of sand and glauconite upward to the top of the Carlisle Center and 
its irregular (non-bedded) distribution is not known; its explanation would 
help clarify the significance of the contact. South of Kingston the change 
between the Carlisle Center and the Aquetuck is so gradual that the loca­
tion of the contact is arbitrary. 
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Saugerties Member 

In the Mid-Hudson Valley the Saugerties Member c.6nsists of· inter­
bedded medium-gray slightly muddy limestone in even beds 3 to 12 inches 
thick and medium-gray very calcareous mudstone (or very muddy limestone) 
in even beds 3 inches to 2 feet thick. The more calcareous beds we'ather 
light gray, and the less calcareous beds weather yellowish brown, p'roducing 
qprominent banding on weathered surfaces.. Roughly two~thirds of. the mem-

. ber,cbosists" of the less calcareous beds,' but the pl"oportion of more cal-

. careous 'beds increases upward ."Contact:s between the twO. sorts of bed, al­
though not sharp, are well defined. Burrow markings are present: in the 
less calcareous beds, but they are not conspicuous~. At Wawars:ing and 
Trilobite MoUntain the member doos not snpw its typical_lithru.09Y; .. it·-is" ~'''', 
.:~re like the·'Aquetu.ck .Member>'. Disti~Ctioribetween the two. membe'rs there 
is uncertain. . 

TheCl"lntact between the Aquetuck Member and the Sal1gerties Member is 
everywhere grafliatinnal. In sections around Leeds the gradatiG>n take's'place 
over only a foot or ,two and is accompanied by small quantities"of"glauconi te 
and quart:: grains irregul.arl y distributed th!.9u'ghr.lut the transi ti,ih·bods. 
1he difference"ln lithnlogy bet'wOcn th€ two meinhers, together with the rela­
tively rapid granation between 'them, makes the contact easy to draw. Between 
Leeds and Kingstbn the glauconite and qual'tz disappears. At Kingston the 
di stinctinn between the two members (while real) is not i3.~great as totha 
north. Moreover, the gradation between them is alm6st Imperceptible~so 
that the: ~ontact between them is di ffi'cuH to place.' The contC!ct relations 
between the 'Aqu~tuek anq Saugerties are s:imilar tot'ho~,e :,h~tween the CClrlisle 
Center ancil·Aquetuck In the field trip are,a,. hut: the:ev1'dence: suggesting a 
break in .fiIopasition'.is not as stroqg. . .,". .: 

. :". 

The contact between the Saugerties Me~er and the overlying Onondaga 
limestone is gradational over a thickness of a foot or two everywhere it is 
exposed from Leeds to Port Jervis. The. less calcareous beds in the Saugerties 
gradually become ·thinner and less muddy, .. and disappear uP'o"'ard • 

. ( . , . 
;.: 

Outlier 
: .1' 

About 30 mil~s southeast of the'main Schoharie out'crop bel tthere' is 
'a narrfl'w outlier of Silurian and Devonian rocks extending from Cornwall 
southwaid Into New Jersey (fig. 1). 'Rocks of Esopus and Schoharie age are 
best exposed at Highland Mills, near the northern end. 

. Boucot (1959) assigned pr@~inusly unstudied strata everlying the 
ConnQlly congll'lmerate (Oriskany age) and underlying the Kanouse sandstene 
(pre-Edgecliff Ohonrlaga age) at Highland Mills to the Esopus Formation, and 
subdivided them into the HighlandMillsMember,theinlddle member, and the 
Woodbu~y Creek Member (in ascendihg' order) • The Woodbury Creek and Kanouse 
are described briefly below, and 'th~ir ~elati(')nto the Schoharie Formation' :'.' 
and Onondaga .1iJoo.stone.in the maih b'elt is discussed. 
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The Woodbury Creek Member consists of indistinctly bedded tan and 
light gray weathering s11 tstone which is so deeply weathered that except 
in the lowest part of the member no fresh surfaces can be found. Strata 
in the lowest part are slightly finer gra~ned and not as deeply weathered. 
They are dark gray and slightl y cal careous where fresh, and light gray and 
non-calcareous where weathered. It is suspected (but not known) that the 
upper part is calcareous where fresh. In an exposure in the northernmost 
pa~t of the outlier (Cornwall) the entire member is slightly firier grained 

"than at Highland Mills, and the lower calcareous part is th'icker'.· At 
.- 'Highland Mills the member is about 120 feet thick. 

Tubular contorted bodies of dark ,sediment lying in the plane of the 
bedding and .fla~.ten,ed normal to it are a. ,'prominent feature of the member, 
particularly in, the lower. part.. Whe,n viewed on surfaces normal to the 
bedding they appear as strips and lenses. Although they are not" so cle'ar­
ly the result of annelid activity as the burrows in the Carlisle' Center . 
(p.ll) , . they ·seem to be the same sort of feature. 

., 
The contact between the Woodbury Creek Member and 'the underl"yfng 

,mid(He,member·is gradational ove,r 2-3 feet. It is marked by an upward 
.. ", .. change from the abundant Taonurus markings in the middle merilber to the 

" .... ,'abundant burrow-like sediment bodies in the WoodbUry Creek Member, and 
an upward change from non..,calcareous to calcareous strata: 

.' 
The Kanouse sandstone consists mostly of indistinctly bedded hard 

gray medium sandstone composed mostly of quartz9 3- to 12-inch layers of 
hard gray conglomerate composed of very fine to fine well-rounded quartz 
pebbles are interbedded with the sandstone in the lower part of the forma­
tion. The conglomerate beds have sharp and slightly undulating lower con­
tacts, and they grade upward into sandstone. The Kanouse i~ fess than 5 
feet thick at Highland Mills. 

The lower contact of the Kanouse is gradational by interbedding. 
Sandstone beds, showing the same contact relations with the adjacent strata 
(siltstone) as the conglomerate beds in the Kanouse, appear in the upper­
most Woodbury Creek, and upward the grain size of both the coarser beds 
and the intervening strata increases. 

There is an unexposed interval of at least 140 feet between the 
highest exposed Kanouse and the overlying Cornwall shale (black shale which 
grades upward into the Bellvale sandstone of Hamilton age). . .-. 

The unit-by-unit correspondence between the Esopus Formation in the 
main belt and. the strata overlying the Connelly conglomerate and under­
l~ing the Woodbury Creek Member in the outlier (a correspondence which 
exists but is not discussed here) and the similarity of the lower c~n­
tacts of the Carlisle Center and Woodbury Creek, indicate that the 10~er 
part of the Woodbury Creek has the same stratigraphic position a's the lower 

'part of the Carlisle Cente.r •. This and tile lithologic similarity between 
the lower parts of the two units show that these lower parts ate facies 
equivalents. .'. 
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Boucot (oral communication, 1961) considers that the Kanouse sand­
stone and the upper part of the Woodbury Creek Member in the outlier and 
the sub-Edgecliff strata (zone B of Oliver, 1954) of the Onondaga lime­
stone in western New York are part of the Amphigenia zone. It is not 
known whether this 'zone is present in the outcrop belt from Leeds to Port 
Jervis; if it is, it would comprise the upper part of the Schoharie Forma­
tion, as Oliver (this guidebook) considers that the lowest Onondaga in the 
field trip area is younger than the Amphigenia zone. If there is a hidden 
break at or'near the Schoharie-Onondaga contact, rocks of upper Woodbury 
Creek and Kanouse age in the main belt might be missing in part or en­
tirely. Apparently quartz silt, sand, and fine gravel were deposited in 
the outlier region while the main belt region was either receiving 'pre­
dominantly calcareous sediments or waS undergoing erosion. The steady up­
ward increase of lime in the Schoharie in r~the fi,eld trip area makes un-
likely the possibility that terrigenous sediments similar to. the Kanouse,. ~":,; 
were deposited in the rna in be 1 t region and 1 ater eroded. It i s',dbt ~'j{rl6vm ",;;' 
whether strata similar to the Onondaga overlie the Ka~\:)tlse in jJli;i cJtltlier. 

:J: .. . '! .:.,1;"': .' 
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ROUTE STOPS 

Stop #1, Eri.e .Rai.l.ro.a<L_Cuts. _ne.a.r -Highland Mi 11 s 

Railroad cuts just north of Pine Hill road, NW ninth of Popolope0 Lake 
7t' quadrangle, Schunemunk 15' quadrangle. 

Although there is a complete section of the Esopus Formation. 
(p. 13) and the Kanouse sandstone exposed on the east sid~ of the New 
York Thruway one-half mile east of Highland Mills, the stop will be made 
at the cut on the Erie Railroad a few hundred yards west of the Thr4way, 
because of traffic danger on the Thruway. Herethe.Highland Mills Member, 
the middle member, and the l~est 60 feet of the Woodbury Creek Me~er 
(p. 14) are exposed. One-half mile north, the upper non-conglbmeratic 
part of the Kanouse $an.4stone· (p. 14) is exposed on a steep slope just 
east of the railroad. 

Stop #2, Leeds Gorge 

Gorge of Catskill Creek, just west of Mi 11 Pond in Leeds, SE corner, 
Leeds 7t' quadrangle, Coxsackie 15' quadrangle. 

Onondaga Formation 

This is one of the most co~~lete sectiDns of th~ Onondaga in the. 
trip area. With a steep easterly dip, the lower 115 feet, confoTfTlably 
overlying the Schoharie Formation, are exposed in a fairly short distance .. 
in the bed of the creek. Althoug'1 the formatiortis well exposed, only a 
short time will be dev9ted to the Onondaga at this stop. Facies changes 
between here and Kingston (stop #4) are minor and the nature of the rocks 
and the fossils can be observed to better advantage at that place. 

The Leeds Gorge section is as follows: 

Moorehouse Member (upper part not exposed): 

25' + Middle unit; medium-dark-gray, fine-grained limestone' 
with abundant dark-gray chert; corals and bryo,zoans common, 
brachiopods and other fossils present~ 

12' ~ower unit; light-medium-gray, medium-grained limestone 
with no chert; corals common; other fossils present. 

Nedrow Member: 

4' Light'-medium-gray, medium-grained limestone with few chert 
nodules; platyceratids, corals and brachiopod~. This unit . (. 
is Ii thologicall y and fauriall y transitional to the Moorehouse. 

39' Light-medium-gray, medium-coarse and fine-grained limestone 
with abundant light-medium-gray chert; platyceratids, corals 
and brachiopods. 
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Edgecliff Member: 

32' ,Light-medium 'and light-gray, medium-90arse and coarse limestone 
with abundant light-medium-gray chert; large crinoid columnals 
common, corals, and brachiopods. 

3' Medium-gray, fine-grained limestone with no chert; fragmental 
'-r, .fossil s. 

: '1" ;~.'. 

Transi tion to S'ch'oharie For'mat ion: 

It' Al ter~a'ting limes'b6ne-and gritty limestQne.~ 
. ' . . 

Schoharie Formation 

." .. Tbe .entire Sch9harie Formation is excellently exp6sed at:'Ene falls'" 
in the'·,'gorge'. of. Catsk'B'F'Creek.· The istrata .. ,re .. nearly vertical to overturned. , .' ~ .. ;' . .r: . 

.... ,. 

Saugerti~sM~ffiber: .' , :-; . ;' 
.: .",.: 

. . ', r' . j',,' '1'-" . 

1.6.':int~'rb~'cjded light-g:rayweathe~,ing limestorie and ye'llowish-
. brown weatheririgmuddy .limestone; proport.~on of i'~s(s pure 

limestone beds decreases upward; purer lime'stone b~'ds are 
continuous layers except for a few layers of limes't'one 
nodules in lower part; grades up into Onondaga Limestone. 

Aquetuck Member: 

40' Yen:';0ish-brOwn"wEiathering dark gray,caJcareous mudstone, 
becoming sandy and glauconitic in uppermost 3 feet; inter­

'ib~dcled light weathering muddy limestone beds not sharply 
.;set1 off fro.mthe mudstone; abundant indistinct layers of 
da,I.X . weathering rock:and! 'layers of small ¢hert nodules. 

Carlisle Center Member: . r;. ~. 

13' Yellowish-brown and yellowi sh-,gray weathering. dark gray 
calcareous mudstone with interbedded lighter weathering 
slight! y limier layers; glauconite and qU<;l:rtz. sand, both 

':' .... in upper part and lower part, but not in middte ;"· ... 'black· . 
bed" (p. 11),3' feet thick, 5 feet from base. Aprupt 
contact with underlying Esopus Formation. . ',; 

( . 
Stop #3, New York Central Railroad Cut, Kingston 

Cut on the N.Y.C. (West Shore) Railroad, just north of West O'Reilly Street, 
Kingston West ?t' quadrangle, Rosendale 15' quadrangle. 

The entire Schoharie Formation is-excellently exp9sed i~ a small 
syncline beneath the Edgeclil'f. Member of the Onondaga Limestone. 

The section is as follows: 
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Saugerties Member: 

30' Interbedded light-gray weathering limestone and yellowish­
brown weathering muddy limestone; prominent banding shown 
on surfaces of cut; possible to recognize several subunits. 

Aquetuck Member: 

44' Yellowish-brown and yellowish-gray weathering very calcareous 
mudstone or very muddy limest~ne; interbedded layers of light­
gray weathering limestone nodules; a few continuous limestone 
layers; thin inconspicuous dark-weathering layers in the 
calcareous mudstone. 

Carlisle Center Member~ 

143' Yellowish-brown'and yellowish-gray weathering calcareous mud­
stone; interbedded limier layers, becoming more distinc~ and 
more calcareous upward; prominent burrows in upper two-thirds 
(p. ); Taonurus in lower part; "black bed II (p. ) 55 feet 
above base; basal bed of sandy gla~coniti~ calcareous mudstone 
less cleaved than above, truncates dark gray non-calcareous 
mudstone of Esopus Formation. 

Stop #4, Ulster County Highway Department, Quarry, Kingston 

Quarry southwest of Route 209 on we!:1t side of Kingston, 0.2 mile WSW of 
Route 209-28 intersection,. Kingston West 7t'· quadrangle, Rosendale 15 I 

quadrangle. 

This is an excellent exposure of the Nedrow and Moorehouse Members 
with good (and typical) fossil collecting in both units. The beds are 
flat lying and fossils are best observed on the extensive flat surfaces 
in, and at the top of, the quarry. 

The section is as follows~ 

Moorehouse Member (upper part not expo~ed h 

24' Middle unit9 lithology as at Leeds; brachiopods, gyroconic 
cephalopods and small horn corals are common; trilobites and 
sponges (IIHindia" sp.) are also present. . 

7' Lower unit; lithology as at Leeds; fossils are common but hard 
to collect in quarry face. 

Nedrow Member (lower part not exposed): 

8' Moderately coarse anrl light-colored limestone with medium­
light-gray chert; platyceratid gastropods, brachiopods, 
bryozoans, corals, "Hindia" sp. 
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Stop #5, Abandoned Ouarry in Wawarsing 

Small quarry north of Route 209, 0.5 mile northeast of Vernooy Kill Road, 
Kerhonkson 7~-1 quadrangle, Slide Mountain 15 I quadrangle. 

. :' r," 

BE?tw.een Kingston' arid Waw~r$ing :.the lo~rpart of' the Onondaga 
becomesdaztke:r, and' finet\grained. The characteri stic Nedrow platyceratids 
are not present and the member cannot be recognized., The Edgecliff is 
marked by characteristic large 'crinoid columnals but is otherwj,se narrl,-to 
distinguish from the superjacent Moorehouse Member.' 

The section is as follows: 

Moorehouse Member (upper .part not exposed): 

29' Medium-dark-gray limestone in beds 2 to 10 inches thick, 
. some,; sha1 Y' bed s in upper part; trilobite fragments; 2-inch 
chertcbed~t base. 

2ot' Limestone simila;r to above; Levenia lenticularis, brachiopod 
fragments and apparent juveniles are common; trilobite frag­
ments, gyroconic cephalopod, smaIl horn corals.; 

~ " 

Edgecliff Member: 

1.3' Medium-gray, medil!Jll-fine-grained limestone with scattered 
chert nodules in the lower-middle part; large crinOid 
columnals and small horn corals are common; brachiopods 
and bryozoans are also present. 

Transition to Schoharie Formation:- r:' . 

2-3' Brown-weathering s:Clicous limestone forms the lowest beds 
. in the quarrY. cc,' ,. ,.. ' 

~'. " " . 

Stop #6, Trilobite Mountain 

On northwest facing hill between two roads and the Erie R.R. near Port 
Jervis Golf Club, 1.1 miles northeast of Tristates, Port Jervis South 7t' 
quadrangle, Port Jervis 15' quadrangle. 

Only the lower few feet of the Edgecliff Member are exposed here 
on the northwest side of the hill, facing the Couhtry Club. The beds are 
lithologically and faunally similar to the Wawarsing exposures and to the 
Stroudsburg outcrops farther south. Corals, brachiopods, and the large 
crinoid columnals are fairly common and make up most of the fauna. 

The Schoharie Formation is exposed between the Edgecliff face and 
the Erie railroad tracks. There are a few large unexposed intepvals. 
Thicknesses, based on dip and slope measurements, are approximate. 

8' Unexposed up to the Onondaga Limestone. 
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Saugerties or Aquetuck Member: 

25' Yellowish-gray and yellowish-brown weathering muddy limestone 
containing vague layers of nodules of purer limestone. 

21' Unexposed (concealed by road). 

Carlisle Center Member: 

12' exposed 

25' unexposed 

24' exposed 

70' unexposed 

41' . exposed 

Olive-gray weathering dark gray 
calcareous mudstone; interbedded 
lighter weathering limier layers; 
a few distinct limestone beds in 
upper part; traces of burrows 
(p. 11). 

30' Concealed by railroad tracks down. to dark gray mUdstone of 
Esopus Form~tion. 

Stop #7, Tristates Point 

Delaware River shore near Tristates Poirit in LaGrel Gro~e Cemetery just 
west of Tristates, Port Jervis South 7t' quadrangle, Port Jervis 15' 
quadrangle. 

An estimated 25 feet of dark-gray limestone is exposed on the west 
side of the cemetery. The rock is part of the Moorehouse Member'but its 
exact stratigraphic position is unknown. Corals, small gastropods, and 
trilobite fragments are fairly common. . 
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ROAD LOG 
J~ ... 

0.0 Start a{ Minisink Hotei,' Port Jervis. Go north on U.S. Rte. 6 and 
U.S. Rte 209. 

0.1 Turn right, following US 6 and US 209. 

0.5 Go straight on US '6 where US '209 goes left. 

2.0 Bear left on US 6 at junction with Rte. 23~ 
""'-j' 

16.4 Bear right at fork, off US 6 anci" onto''"iUDI11i3.rked short cut. 
,'I,; 

18.3 Bear right onto old US 6. 
' .: • 'J: 

.'! ~ i . 

18.8 Turn right, ba'6k"onto US 6 east. 
, "!I',,· 

.. ' ','j. 

22.1 Onto US 6 and NY 17,ea~t (dual highway). 

35.6,.!Le;:lve dual highway at exit m~;ked "US 6, NY 32" (last exit before 
fh~uway; don.'tmiss it). Turn left (N) at end of ramp, onto US 6 
east and NY' 32' horth. 

37.0 Keep'straighton NY 32 north (US 690es right). 

38.2 Turn right onto Park"Sireet, Village of Highland Mills. 

38.6 

. ;', ,-

Turn left into parking lot for~bandoned Erie RR station. 
;::.i 

Stop No.1 (p. 16): The contacts between the Highland Mills--Member~-----­
the middle member, and the Woodbury Creek Member are'marked with 
white paint on the railroad cut. 
Watch out for trains • 

,,' 'Turn right onto Park Street from' RR station p~rkin(/ lot. 
,i.' . 

39.0 Turn left onto NY 32 south. 

41.5 Turn left onto Thruway entrance ramp after cros~ing bridge over dual 
highway. "-

41. 7 Thruway toll booth. Take Thruway north "Albany and Buffalo." There 
will be a short rest stop along the Thruway. 

88.9 Leave Thruway at Kingston exit. 

89.2 Thruway toll booth. 

89.6 Traffic Circle - take Interstate 587 and NY 28 to Kingston. 

90.8 Complicated intersection, with traffic lights; take Broadway, roughly 
straight ahead. 
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91.5 Turn right on W. O'Reilly Street. 

92.0 New York Central RR underpass on W. O'Reilly Street -

Stop No.3 (p. 17, Stop No.2, at Leeds, cancelled): cuts on ·both 
sides of the track a few hundred feet north along the track. Con­
tacts between members of the Schoharie are marked with white X's 
on both sides of the track. The top and bottom of the black bed 
in the Carlisle Center Member are shown by paint marks along the 
bedding. 
LISTEN FOR TRAINS - they come by often. 

'.' 

Continue along W. O'Reilly Street. 

92.1 Turn right on Wilbur Avenue (NY 213). 

93.0 Straight across at intersection with Greenkill Avenue. 

94.5 Turn right on Henry Street (NY 32 and NY 213). 

95.0 Turn left (W) onto Broadway. 

95.3 Complicated intersection, with traffic lights;-Tollow US-2Q9. south 
(Albany Avenue). 

95.6 Traffic light; bear right on Clinton Avenue (US 209 south). 
I: . 

95.8 Bear left on N. Front Street (US 209 south). 

96.1 Turn left onto Washington Avenue (leave US 209). 
. .. "" ...... - .. --~-

96.3 Turn right onto Lucas Avenue. 

96.5 Turn right into Forsyth Park and Zoo. 

Lunch stoP. The Ulster County quarry (Stop No .4) borders Forsyth 
Park on the north. The Schoharie-Onondaga contact is located along 

·-Lucas Ave •. near the Park entrance and the outcrops within the P~rk 
give a section through the Edgecliff and.Nedrow Members. 

Leave park, turn left (N) onto Lucas Avenue. 

96.7 Turn left onto Washington Avenue. 

96.9 Straight through at stop sign (onto US 209 south). 

97.0 Turn left on Hurley Avenue (US 209 south). 

97.1 Turn left at entrance to Ulster County quarry. 
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Stop No.4 (p. 18): The contact between the Nedrow and Moorehouse 
Members of the Onondaga Limestone is marked with white paint on the 
quarry wall. 

Continue south on US 209. 

113 Pass through Village of Accord on US 209. 

118 Pass through Village of Kerhonkson on US 209. Main intersection 
is Times Square, Broadway and 42nd Street. 

120.8 Turn right into quarry of Ulster Limestone Corporation (just before 
reaching Wawarsing on US 209). 

Stop No.5 (p. 19). 

Continue south on US 209. 

125 Pass through Ellenville on US .209. 

151.2 Pass Huguenot Hotel on US 209. 

155.2 Enter Port Jervis on US 209. 

155.9 Turn left onto US 6 (US 209 goes right). 

157.1 Bridge over Neversink River on US 6; turn left onto N. Maple Avenue 
just past bridge. 

157.3 Erie RR underpass. 

158.3 Stop No.6 (p. 19): Cuts along both sides of road. 

Turn around. 

159.5 Turn right onto US 6. 

161.1. Turn left, following US 6 and US 209. 

161.2 Minisink Hotel, end of trip. 
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TRIP B 

-GEOLOGY OF THE PRECAMBRIAN CRYSTALLINE ROCKS, 

CAMBRO-ORDOVICIAN SEDIMENTS, AND DIKES 

OF THE SOUTHERN PART OF THE MONROE QUADRANGLE 

H. W. Jaffe and E. B. Jaffe 
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The area covered' by this trip lies in the southe'rn part of the Monroe 
7 i' quadrangle, andtbnsists chiefly of Precambrian crVstalline rockS'; of 
the Huclson,'Nighla,nds. The crystalline prong i~ thrust at a high angle to 
the west 'over Ordoviciim and Devonian sediments of the northern extension 
of the Gre~n'Pond syncline. The fault tro'tJgh" iSi:filled with lakes and 
glacial G:leposits.' To the east, a high-angle<faultrunnlng roughly parallel 
to Route l7"and continued through Tuxedo Lake to 'the south' separates.,the 
block:from the:main body of the Ramapo Mountains., A small~inli~~'of 
Wappinger do lomite, poss ible -downthrown:,:.~-ne...ar! y--,:a'::;tnU~' ~nt 0 th i s 
HUlttrough; which also is covered by glacial deposits~ , The ;'northern end 
of ,the })ib'ck is unconformahl y overlain by ,Poughquag quartzi te(Lower Cam­
brian') sUcceeded by Wappinger dolomite (Cambro-Ordoviciarl); both dipping 
gehtly off and roughly parallelling the present outcrop pattern of the ' 
crystallin~rocks. This may represent original '~edimentary onlap ~ith 

'subsequent gentle warping during upl i ft Cif the: crystal l~ne block. This 
northern contact of the crystallines, and also some probable fault zones 
within the crystalline blOCk, are obscured by glacial 'deposits which form 
a school of drumlins and qrumlinoid hills, trending north to northwest 
across the regional strike of the crystallines and indicating glacial move­
ment to the southeast. This is further corroborated by the th'1ck glacial 
de:posits on the east side of the northeast-southwest valleys. . 

W.i thin the crystalline block, strikes and dips of tttef'oi'iated 
gneisses indicate a series of folds trending about N 50~'t andrflungin~~ 
very gently to the north, WIth some local warping indic'at'ed by"south. ;.­
plunges. A generalized cross-section normal to the folTation' migh:£. 'show: 
1) a steep syncline overturned to the west in the easte'rhmost b~l t' :6'f"hQrn­
blende granite gneiss; 2) an isoclinally-folded recumb~nt anticil;+~\ ·poSsi­
bly thrust to the west, in the belt east of Lake Mombash~q 3) a."stie,p syn­
clTrie, again overturned to the west, with an axi s just west of ;th¥:!~est 
shore of Lake M6mbasha; and 4) a steep isoclinal anticline along the last 
ridge at the west of the block. This generalized pictureisvei\;-;difficul t 
to corroborate in ~etail because of the complexity of the folding~ the 
large amounts of glacial fill at crucial contacts, and the considerable 
amounts of faulting. 

At least two series of faults may be recognized in addition to the 
aforementioned border faults to the east and west. The oldest group (not 
shown on the map), trending rough 1 y N-S at a small angle to the fo lidti~ 
and dipping steeply, can be recognized by the small steep trenches they 
form, and at times by considerable silicification and skarn formation 
along their trend. They may have influenced the location of the frequent 
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small magnetite deposits. This older series is offset by a set of high­
angle gravity faults roughly normal to the foliation. Field and petro­
graphic evidence indicates that these may be hinge or pivot faults, with 
the greatest displacement to the west. Vertical or steeply dipping trans­
verse joints strike northwest, and several of the~e are filled with melano 
and leucophyr dikes, which also cut the Poughquag quartzite and Wappinger 
dolomite. A subordinate set of joints strikes. northeast parallel to the 
gneissic foliation. 

A description of the rock typ0S is given in the detailed itinerary 
which follows. Speaking very broadly, a s2ries of calca~feou,s and silice­
ous sediments and basic volcanics of t:~~ flysch facies' were folded in a 
eugeosyn"tline and who 11 y recrystall ized with; attendant modifi cation by 
granitic ll~uids. Were these liquids deiivedby ~agmaticfracti6nation 
from a b~s~ltic substratum, or by fraction~lmelting of sediments in place, 
say 10-20 km down? Evidence for temperatu~es high enough to melt granitic 
rocks is found throughout ~he mineral~of.thecrystalline block. For ex­
ample, microperthites were probably homogeneous at temperatures'-above-:6400~ 
below which they unmix. Futther, the. ox¥g~n,isotope thermome~~r gives a 
temperature range of 32G-550 6 C Eoi' st~~rolite zone min~tals and at'ieast 
a part of this area is in the higher'grade si11irnanite zone. 'Almost all 
of the granitic rocks show concordant relations with theparagneisses~ 
This leaves syntectonic magmatic i~tiusion or in-place fraction~l melting 
as the two most probable means of ~erivi~g the 0ranitic rock~ and mig~ 
matites. In either case, the granitic rocks wculd have passedih~oJgh a 
magmatic stage. The persistence of shredded and partially ingested ~eta­
sedimentary remnants in most of the granitic-quartz dioritic gneisse,s of 
the area would'tend to favor anih-place fractional melting hypothesi? 

.\ ,-, .. -
The age of. the granitiC tocks and associated gneisses is beli~~~d 

to be about 1100 million years, b~sed upon the best evidence from radio­
acti ve dating ~ , Pb/U isotope ages on zircon from the Storm King granite 
are essentially concordant at 1100 M. Y. ['iscordant Pb/U ages on uranini.te 
and monazite in the Highlands, A/K ages 'or. mica, and Pb/a<:. ages: onzi:r:con 
range from 620-900 M. Y. A roc:;nt Pblc< ~geQf,.77Q .M. Y. was obtained on' . 
zirconfiom granite interlayered with nrnphib6l:i. te neelr the Suffern e~­
trancd to the N.Y. Thruway. All of the rigeibelDw 1100M.Y. do n~t nec­
essarily:date a ,true recrystallization.Por example, d metamorphism 300 
M. Y. agdrriight cause, 1100 M. Y. old zircon to lose enough of its lead to 
give a.o"a:ge of about 770 M. Y. The absence of,any ages of 200 to 400 M. Y. 
on minerals from the Highlands 7 howJ\rcr~ indlcates that the Precambrian .... 
rocks were not completely recrystalliz::;G,. d;~l'ing:'ihe Acadian or Appala-
chian orogenies. 

A detailed itinerary of the trip stops follows: 

i. 

. .~ . 

- .. -.....-. 
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Detailed Itinerary 

''''. 
StatUng point: -

"' 
. : I,-f; . . ~.:' 

.! ,~. 

A. & P. 'SuPQrmarket parking lot on N.Y. Route 17M. 0.8r~iles south 
on Rt. 17Mtd'tR~'second traffic light; turn right at light on~to Stage 
Road which oe'c'omesthe Orange Turnpike. At 2.0 miles observe gentJ.y dip:­
ping Wapping~~ d~iomite outcropping in field on west side of'Orang~ Tu~n~ 
pike, and large drumlin directly ahead to the.southe.ast. - .....• ;~j 

Stop 1: 
'I:.: . 

.~. '-, .-.... 
. . ,'. 

" '2.2 miles. Walk 0.16 miles due west~.dVer. hill::'top!to edge of cliff 
formed by 10' sectionaf Poughquag. formation·(r:.6werC~mbri'anJ. The sec;t.ion 
G9l1s.ists of alternating 2" to 2' thick beds off~trugfn'ousqllartzit-,e;f.~;con­
gi'omera.te, and arkose, striking·f\j 500 W and dipping SONE. Return to tap of 
ridge ~Hd hote st' basic dike intrllsive into:P<?ughquag quartzite. Continu­
ing east along hilltop note small putcropsof P611~hqu~g ~u~rtziteand. 'C 

Wappinger doiomite on each side of.con,c~aled:contacL Continuing ,east, 
stop at 10' thick basic dike-. on n();rthea~,t edge of hill. The dike strikes 
N lSoW and is essentially vertica~;- i( s.ho~s flow layering paraHel to the 
strike, and chilled borders. The mociaL -compbsition of this dike is: 

albite 
dark red-brown alkalic 

hornblende 
~ugit~~¢igeoriite 

. epidote ~ 

chlorite' 
apati te ' 
opaques 
biotite 
garnet 
prehrifte 
calcite 

J; 

C\' ., 'J ";' 1 

46.5 
6.0 
7.9 
8.4 
1.8 
4.9 
0.2 
0.2 
0.2 
0.3 

100.0%' 

2 

26.7% 

37.0 
13.1 
·5.2 

,\, " -, 9.0 

'1.6;,-.;.· .. 
5:'.4 .-,' 
1.6 '{ i i-., 
0.4,,-, " 

. '.' . . '-.;;:.. ... ~ 

:100.1'0% 

(calculat'ed Si02 content: 44~46%) . '.:~ ' . 
. "; " 

• '. • . .; ;. oj' ,:1 " " 

The t.eX.tucre. isseri'k't~-p6rphyri tic with hornbLe~de':and augi·Fe.'rforiiiin~· the 
i,;;\ ,) phenocrysts"., w~ich; 11,e;in' ?_9roundmass ofalblJ,e,lat.hs.:"":i·; , 

.. ;:.: . .: .' ,,' .' ;.... :." '~., ~ '. ~, , 

.. f (~, ", ,. 
1\/: '.' ' .... 

'J, i ,This rock 15 a'melanophyr'; he-re defined a,$;~ dark, dense,"f'ine-
grained, p6:r'phyritic 'dike 'in -wnich only thf;l ffi?fic m,inerals form~ ':PKJ"nocrysts. 
The abundance of the alkali-rich' red-brow!,) h'ornblen'de and thel:ow :calcu-

. lated.sil~~a content indicate that this dike {~com~d~ition~lly~telated to 
the undersaturated alkalic rocks (camptonite lamprophyre of Johanssen). It 
is not a diabase or a '''basaliic, dike" but a true' alkalic rock. This dike 
and two others in the area intrude'the Wappinger dolomite and are here con­
sidered to be of post-Ordovician age. Similar dikes are found in the 
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Adirondacks in close association with true·-diabases and in the Champlain 
Valley without the accompanying ·d.iabases. The Champlain Valley dikes are 
clearly post-Ordovician with the upper age-limit unknown. The melanophyr 
dikes in the southern and central part of the Monroe quadrangle are num­
erous; they intrude the crystalline rocks and Cambro-Ordovician Poughquag­
Wappinger series; but none have yet been found cutting the immediately 
adjoining thick section of Devonian sediments in the same small quadrangle. 
This would suggest that the dikes are older than the Triassic diabase' se­
quence. Further evidence suggesting a pre-Triassic age is the presence 
of garnet and abundant epidote presumably formed during a pre-Triassic 
.orogeny. Inasmuch as albite should not be expected in a'rock containing' 
75% of mafic minerals, the epidote'may be assumed to have unmixed from an. 
originally more calcic plagioclase during a regional metamorphism. In thin­
section most of the epidote is included in the albite laths. 

Return east to the road and observe outcrop of blue-gray Poughquag 
arkose or feldspathic quartzite. This rock consists of 1-3 mm subrounded 
strained detrital quartz, microcline-microperthite, and minor oligoclase 
in a finer-grained quartzo-feldspath ic-clay-seri ci te-" limoni te" matrix. 
The principal cement is authigenic quartz overgrown in optical continuity 
on detrital quartz. The absence of rock fragments and the low inter­
stitial paste content indicates that the rock is'not· a graywacke. Minor 
amol,lnts of zircon ,sphene, . brown tourmal,ine, anat9~,e, and opaques are 
preserl~~. T,he ):;b~f1?an.l:.~df,!microcli:n.t,lTlicr;9Pe,f,~hiti9~~nd"quartz suggests 
that the" rQc~."was ·deri \{ed<;f:1."e>ffi th'e'a'dj'6'ining Precambrian graniti c gneisse-s,. 

" ;" i::, t:, ,:, i ) ~ , .'. . ',.4 -, .'; . 

,.! : .. ( ; ... ,'\.' .; 

S t 01)'2':' ", . 
. :; ,', i ,"" ,n:. l .~.': .,' 

2.6 miles. Leaving Stop 1, the Orange Turnpike turns southwest and 
crosses the concealed unconformable Cambrinn-Precambrian contact. Beyond 
the Lipalian interval, the first Precambrian rock encountered is a fine­
grained pink alaskite with no more than 1% of dark minerals. It is com­
posed mainly of 1-3 mm microcline microperthite, microclin€,and quartz, 
wi th much less serici tized albite-oligoclase and an occasional fl'ake of 
biotite or chlorite. Within 100' 'to the south, the pink alaskite grades 
through a narrow zone of coarse bibtite microperthite oligoclase granite 
and granodiorite into a medium-grained, gray, essentially massive quartz 
diorite gneiss which forms th~ bulk of the southern outcrop at this stop. 
The quartz diorite gneiss (quartz oligoclase gneiss of other workers) 
consists of oligoclase antiperthite about 70%, quartz about 25% and hypers­
thene, biotite, magnetite, chlorite about 5%. In thin-section, quartz' is 
not uniformly distributed and forms' long tongues which embay adjoining 
oligoclase grains. Oligoclase is well-twinned and antiperthitic. On top 
of the outcrop, obser~e several tongues of biotite hornblende hypersthene lab­
radorit~ (An55) pyribolite infolded in the quartz diorite gneiss. Folia-
tion measured on the pyribolite is N350 -500 E, dip is essentially vertical. 
Slickensided joint faces strike N 240 W and N 650W. .r.. : 

About·0.3 miles south (not a scheduled stop) the quartz d~orit~ 
gneiss darkens in color, the quartz content drops and the rock grade~ to 
an augite diorite gnei ss wi th abundao't inter layered hornblende hyperst~erie,' , .. 
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oligoclaso-andesine pyribolito. Whero quartz becomos locally abundant, 
it embays and replaces both plagioclase and the fcrronagnosian ~inerals. 

The quartz diorite gnoiss ts thus for~ed from the reoonstitution 
of pyriboliteaccompanied by the introduotion of silie'a aria' s~allrunounts 
of potash. The~o constituonts oOuld logically bo derived from gr~.'nitio " 
liquids forned from the fractional t'lolting of sodiments~ 

Stop 3: 

3.6 niles. Turn east on Harrinan Heights Road. A fresh road-cut 
~xposes a dark gray and pink banded nigoatite. The gray rock is a oal­
oarious siliceous psregneiss composed of quartz, microcline, bytownite 
(AnS0, n y 1.575), augite. epidote, dark br'own sphene. ziroon, apatite, 
and magnetite. The pink bands consist nainly of quartz and microcline or 
microcline nicroperthite. other samples of this migmf~tite carry anorthite 
with An95 (~= 1.574. De. =- 1.581, no 1.585, 2V,-.,:" 75 0, opt. -). This 
migoatite oarries abundant epidote produced by a retrograde netsmorphic 
alteration of anorthite and augite. 

Stop 4: 

5.1 miles. Return west to Orange Turnpike and turn south, parking 
at Monroe Town ]Line sign. The prominent: road-cut on the east side of the 
road is gray and pink banded biotite migmatiteo The dark gray rock is a 
siliceous, calcareous paragnolss comp6sed of quartz) labradorite (An50), 
biotito, microcline, hornblonde, epidota, apatite, zircon, augite, and 
ilr.:18nite. The pink bands consist, Vifholly of quartz and microcline.the ,'" 
latter occasionally microporthitic. Thoso kalialaskite bands are be-
1:f6,i.r'cd'to boforrJOd from low-tempepaturemetasomatic introduct'ion of 
quartz ari'd microcline. In":place mel tingwould requ:ire an appfec'iabl'El i, 

"amount of albite, which is :;ri'Ot present. .Asthe roi'cr-oeline is on]y\6CC:a:S:"; 
ionally microperthitic, it is doubtful that it could hold much soda ,in"! 
solid solution. The foliation strikes N 24 0 E and dips 45 0 SE; fold axes 
plunge gentlyNE. __ .. ', ' , 

The out:crop'ori·the west side 
Lino,. is the seMe ':rock.,Here the 
120SE and fold axes plunge 5 0 NE. 
folding overturned' to the west. 

! ;". Stop 5::" : ',: 

of tho road; 'j'ust:south'of ,ithe' .Town 
foliation strik\3's N 132 'B, dip,s'ionly 
The gentle dip is duet-ci 'isoolil;Ud ,,'; 

5.5 niles. Continue south on Orange Turnpike to top of hill with 
promil113rib:overhanging cliff to tho east aide of the road. The cliff is 
made up" of a silicified epidotizod nigr.18ti te with some coarse recrystal­
lized hornblondes in the grrmi tic conponent. Tho outcrop is strongly 
warped, part of it showing recUI:1bent isoclinal folding overturned wost, 
part of it showing fairly steep dips east. The undersides of overhanging 
bedding planes are commonly slickensided and silicified. Both this out­
crop and the one inmediatoly pr.eceding it suggest an old period of thrust­
ing to the west~ 
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Stop 6: 

. 6.9 miles. Continue south to the junction with the second of two 
roads entering from the west. Outcrop on the west side of the road shows 
a 20-25' hornblende albite melanophyr (spessartite) dike which. strikes 
N 380 W, dips 860 NE, and cuts across the foliation of the granite gneiss 
which strikes N 55-750 E and dips 800 SE. The dike shows normal green horn­
blende phenocrysts up to til lying in a matrix of albite laths, 0.2 x 0.4 mm. 
The modal composition. of the dike is: 

albite 
hornbiende 
epidote 
chlori te 
apatite 
opaque 
quartz 
calcite 
K-spar 

53.3% 
21.5 
12.6 
7.3 
0.1 
3.2 
1.2 
0.4 
0.4 

100.0% 

(calculated Si02 content =.53.5%) 

The granite gneiss contains . .()ccasional schlieren of biotite-rich gneiss. 

Lunch: 

Proceed south t mile to N.Y. 1-7, turnright,··and continue another 
t mi Ie south on 17 to Red Apple Rest on eastside of. road. Lunch and re­
turn by the same route to stop 6. At 8.7 miles, 'note: swamp in' major cross­
fault. 

Stop 7: 

8.7 miles (lunch mileage not included). Turn west 'at'second road 
beyond stop 6 ()3ramertown Road - note sign to Lake MomlJasha' Farms )',> and, 
turn right on first dirt road (East Mombasha Road) heading north. 'The .,~: 
road parallels the contact of granite gneiss (east) and pyribolite (west)~ 
At 8.4 miles the road crosses this contact. Stop 7 shows a 16' thick 
granodiorite leucophyr dike which strikes N 480 W, cross-cutting'.t:b:gfolia­
tion of the surrounding amphibolite v;hich. strikes N 570 E and dips 200 SE. 
Note large wedge of amphibolite in center of idike and occasion~i pink 
potash-feldspar-quartz bands in the amphibolite. This dike is unique in' 
this quadrangle and perhaps in the Highlands. It is composed of sparse 
phenocrysts of oligoclase, quartz, less microcline, and rare biotite, lying 
in a matrix which is again porphyritic on a microscopic scale. The second 
generation of micro-phenocrysts is made up of square to rhombic zoned pot­
ash.feldspar and laths of albite-oligbclase. These lie in a very fine 
granophyric groundmass made up of feldspar, quartz, mica, chlorite, and 
"limonite." The "limonite" forms megascopic crenulated black streaks 
which give the dike a flow layering in places. A mode was not obtained 
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because of the fine-grained nature of the'groundmass. X-ray data on a 
powdered sample indicate that oligoclase > quartz> microcline, hence 
the dike is of granodioritic composition. East of the road the dike is 
not found, and may be cut off by a north-south fault; if this is so the 
dike is very old. An outcrop of the same type of rock Was found 0.25 miles 
to the .west cuttingmigmatite:' ' this may be an extension of the same dike~ 

',(' I • 

r ;' r~k 

Stop B: 
: .;: 

.. :.)"', 

. 9.3 miles. Continue north on East Mombasha Road stopping at steep 
cliff on east side of road. This is a fine~banded dark gray and pink bio­
tite migmatitic paragneiss, the fine-bedded analogue of stop 4. The dark; 
gneiss bands here are more altered and are marked by the appearance of 
muscovite and epidote replacing biotite and plagioclase. A small amount 
of rutil~;is formed from the titahium present in biotite. Occasional lar~e 
pods of pink alaskite are concordantly i~t~ile~~~~ in the~Migmatite. The 
foliation strikes N 370 E and dips 20oSL". .... .•. ,. ,! .' , ' •. 

.J , .... ; •• ! .. " , , ", 
j". 

Stop BA: 
\,,": • i.,,' ..... . 

. !; 

9.7 miles. Continue north on East Mombasha'Road stopping at, the , 
sill imanite-bearing outcrop just north 'of number8A on the map •. This is 
a tightly folded, crenulated biotitic. paragnei ss in 'the ;sillimanite,zone 
of metamorphism. It is composod'>Qif thin bund,s of a gray biotite micro­
cline labradorite quartz paragneissiqterlayeied with orthbclasecrypto­
perthite (anorthoclase) quartz bands. Abundant garnet (almandite-pyrope)., 
dark blue-green tourmaline, and minor prismatic sillimanite are developed 

. at the interfaces of the biotitica~~ alaskitic l~yers. The biotite is 
pleochroic from "paprika-red" to,'almost c,olorless and is an iron-rich 
variety. Sillimanite and tourmaline lie in the fol'l.ation planes with", ; 
their long axes parallel to the fold axes. Th2 fire paragneiss bands 
have an average grain size of 0.3 mm,_thG coarse ala'skitic'!:b.ands, up to 
10 mm. " :- { 

Stop 9: 

10.2 miles. Continue north on East. Mombasha Road to sharp bend 
north after short jog east. Outcrop' on d~;t", side of road contains a'bund­
ant garnet in biotite migmati tic paragneiss. Outcrop·t,o the west, in an 
open field, near swamp, shows a biotite migmatitic paragneiss and pyri­
boli te intimately folded in medium to coarse massive alaski te. Jh,e alas­
kite forms the core of a fold plungJng .north and the outcrop may be a" 
smqll anticline overturned to the \'\!8·St., Here chlori tized amphibolite pods 
are 'completely enclosed in alaskite. A'thin sectioncjf the dark gneissic 
rock showed completely fresh hyper~thenaz (normall~'an unstable mineral) 
and biotite associated with complet~ly scipdlitiz~d plagioclase, and 
quartz. Garnet occurs sparingly_ To tne w.est the rocks grade rapidly to 
almost pure alaskite. This is the northernmost outcrop .of garnet migma-
tite. - ,'·1 

Stop 10: 

10.9 miles. Continue northeast on East Mombasha Road to bottom of 
hill at rough track to the W9St. On the east side of the road is an out-
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crop of coarse; gneissic, partly recrystaLlized amphibolite. It contains 
plagioclase ranging from andesine to bytownite with abundant hypersthene, 
brown and green hornblende, and less biotite, the composition varying with 
layering. To the east in the woods (not visited) the plagioclase is all 
scapolitized, the hypersthene serpentinized, and a pale blue-green hastings­
ite or edenite amphibole is developed near the contact with the alaski{~ of 
stop 2. On the west side of the road, about 60' in the woods, a thin layer 
of foliated green hypersthene quartz oligoclase gneiss (quartz diorite 
gneiss) is in sharp contact with fine-grained pink alaskite. This may be 
a fault contact. Boulders of Poughquag conglomerate, and a melanophyr 
dike (camptonite), parallel the contact zone. 

Stop 11: 

" 13.7 miles. Continue NE to Orange Turnpike, then NW past stop 1 to 
Rye Hill Road. Turn sharply SW, noting NW-trending drumlins to the west. 
Stop 11 is the first outcrop bey.ond the glacial fill on the east side of 
the road, which now is called Berry Road. The outcropcontainsahunciiant 
layers and schlieren of biotite two-feldspar quartz paragneiss in coarse 
pink granodiorite and granite with abundant antiperthite, micropetthjte, 
and oligbclase. A swarm of eight or ten small melanophyr (camptonite) 
dikes, up to 2' thick, fill a tension (ractur~ pattern striking N S W to 
N 4SoW. ' The foliation of the host granitic rock strikes N 520 E, and dips 
50-600 SE. To the west, in the woods; the biotitit paragneiss is resorbed 
by massive biotite granite-granodiorite. Occasional samples are of quartz 
syenite composition. 

It is worth noting here that melting of biotite would yield an' addi­
tional large amount of potash feldspar and magnetite: 

biotite .---- > K-feld.spar +.magneti te 

This would sweeten the granitic liquid and perhaps explain the fre:quent 
occurrence of potash-feldspar pegmatites in association with the many small 
magneti te deposits of the area. It should further be noted that many~ of 
the alaskites in the quadrangle contain magnetite as the only accessory 
mineral of consequence. 

Stop 12: 

15.9 miles. Continue SW on Berry Road, noting alternation of folded 
dark gneiss and pink granite-granodiorite; turn NW on West Mombasha Road, 

. then NE on Cedar Cliff Road to stop 12, about 200' beyond farmhouse. Out­
crop on east side of road shows fine-grained narrow bands of ~olded pyri­
bali te (here ainphibol i te) overturned sl ightl y to the west and' being re­
placed by coarse massive buff-gray granodiorite. The granodiorite cuts 
across the folded amphibolite and contains schlieren of the latter' which 
retain their original attitude in the folds. Th~ infolded amphiBolite 
contains brown hornblende, albite-oligoclase, microperthite (introduced), 

~ ..... ..:~ 
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biotite, magnetite, and apatite. The granodiorite is!;composed of albite­
oligoclase, quartz, less microcline microperthite, biotite, hornblende~ 
zircon;; and' 'oSomefragments of altered hornblende, plagioclase, and cal-
cite. . . " ... ~ 

Pyribol ite layers are very abundant in thi s zone but are not'" con­
tinuous, the widest observed being 80' thick near the old magnetite mine 
on Mine Road. Westward;t.h~ rocks grade to contaminated gneisses and then 
alaskite, which forms the western edge of the crystalline block. 

Continue north along Cedar Cliff Road to Lakes Road. Turn right, 
and follow Lakes Road to traffic light ~~ Route 17M. Finai mileage 18.1. 

/. 

:,; ! 

:.; 

J'. 
. t·,· 

". '. . ~ 
,"f' ; 

,' .. 
, " 

, , , , , 

-. _ . .', 



z 
« 
H 

0:: 

co 
:::E 

« 
U 

Ul 

0:: 

P.... 

B-10 

I , 
f 

/ 

\ , 
\ 

\ 
I 

I 
I 

\ 
\ 

,-------, 

0.0 '" '<'1' 
, ~~~ L· 

- --- ------'----

... ~.----,--. 
/ 

I . 
I, " 

I 

: I 

/<, '<. /\ 
X X 

~'" K x 

--1 1/ .... 
V ,/ 

\. ..... /' 
'-

.< 7 
J ........... ~ L 

(" 
,) 

li-~-:, -1 .. -.-1 
-', 1 

Quaternary alluvium and glacial deposits 

Melanophyr and leucophyr dikes: Post-Ordovician 

Wappinger dolomite: Cambro-Ordovician 

Poughquag quartzite, .arkose, and conglomerate: 
Lower Cambrian 

Alaskite (Magnetite biotite albite-oligoclase 
microperthite quartz) 

Andesine alaskitic gneiss 
(Garnet magnetite oligoclase-andesine microperthite 
quartz gneiss) 

Hornblende granite gneiss 
(Biotite hornblende albite-oligoclase microcline 
microperthite quartz gneiss) 

Biotite granite-granodiorite-quartz syenite with 
abundant schlieren of biotite two feldspar quartz 
paragneiss. 

Quartz diorite gneiss 
(Biotite hypersthene quartz oligoclase-antiperthite 
gneiss with paragneiss and pyribolite schlieren and 
inclusions) 

Garnet migmatite 
(Granite interleaved with crenulated biotite paragneiss) 

Biotite migmatite 
(Epidote hornblende biotite andesine-labradorite quartz 
paragneiss!microcline quartz 

Pyroxene migmatite \ 
(Epidote sphene pyroxene bytownite-anorthite quartz 
paragneiss!microcline-quartz) 

Granite and granodiorite gneiss with abundant schlieren 
and inclusions of pyribolite 

Pyribolite (metavolcanic or paragneiss) 
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THE STRUCTURE AND STRATIGRAPHY OF 

THE PORT JERVIS SOUTH-OTISVILLE QUADRANGLES 

co-authors 

Sidney Fink, Dept. of Geology, Brooklyn College 
C. J. Schuberth, The American Museum of Natural History 

TRIP C INTRODUCTION 

The area of this field trip, Port Jervis South-Otisville Quadrangles, 
(Fig. 1) includes parts of the Folded Appalachian Mountain, Great Valley 
and the Appalachian Plateau geomorphic provinces. The Paleozoic formations, 
deposited originally as horizontal sediments in an extensive geosyncline, 
have in this area an aggregate thickness in excess of 5,000' and consist of 
the following units, in ascending order: Martinsburg Graywacke Shale and 
Sandstone (Middle (7) and Upper Ordovician), Shawangunk Conglomerate (Lower 
to Middle Silurian), High Falls Red Beds (Middle to Upper Silurian), Poxono 
Island Shale, Bossar~ville Limestone and Keyser Group (Upper Silurian), 
Helderberg and Oriskany Groups, Esopus Shale and Ondondaga Limestone (Lower 
Devonian), and the Hamilton Group (Middle Devonian). Quaternary glacial 
drift and till eccurs throughout the area (Pl. 1). 

There is evidence for at least three periods of tectonic activity. 
The Late Orrlovician Taconic Orogeny affected the Martinsburg Shales and 
Sandstones and olrier sediments prior to the deposition of the basal Silurian 
conglomerate. At the close of the Early Devonian Epoch, a second orogenic 
movement culminated in the Acadian Mountains. The final perioe of tectonic 
activity, terminating the Paleozoic Geosyncline formed the Appalachian 
Mountains during the Permian, with Kittatiny (Shawangunk) Mountain the 
easternmost ridge of this extensive range. Thrust faults, cross faults 
and tight folds (gentler towards the northwest) attest to the severity of 
this last orogenic movement. Folded synclinal structures, thrust t~wards 
the northwest, ruptured along cross faults. The oversteepened and over­
turned western limb of an anticline demonstrates the severity of the drag­
ging along the eastward dipping major thrust fault plane. 

The complicated folded and faulted structures found in the Port 
Jervis Quadrangle die out as they are traced northeast towards Otisville. 
In this area a monoclinal structure characterizes the northeast continua­
tion of Kittatiny Mountain. The regional strike is N30-350 E with dips of 
400 NW decreasing as the beds are traced westwar~. The western limit of 
Appalachian folding is marked by a steep east facing escarpment, The 
Alleghany Front. The Alleghany Front separates the Ridge and Valley prov­
ince from the Appalachian Plateau province. 

Sculpture of the area into its present topography is the result of 
post-Paleozoic erosion. The area was glaciated during the Pleistocene. The· 
affects of glaciation are seen in the till covered valleys and the disturbed 
drainage pattern in the area. Glacial movement was toward the west and 
southwest. 

Although the site of several~ad-zinc--mining ventures in the 1880's 
and 1890's, present day activity is limited to sand and gravel quarries in 
the Neversink Valley. 
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Structure of Kittatinny Mountain 
• • .. J 

Ki ttatinny (Shawangunk) Mountain, "~,~~,~py.ing the greatest porU'on of 
this area, is one of the major ridges ofthe"Fqtd~d Appalachian 'Mountain 
chain. This ridge, supportedl;Jy' the extrem,el't :1,esista,nt pascilSVu'riCln: 
conglomerate and quartz sandstone, is frequent 1 y illustra~ed in tross sec-
tion as a monocline, dipping approxima-:c 1 y .300 t,o th~ r'lOrthvJ~;st'(~'ink;,': 
1959, M.S. thesis, New York Un'iversity, p3ge'·27). Younge;' b~tts<dFweaker 
and more resistant rocks form va1l8Ys and topographically lciwer'xidgesthan 
Kittat.inpy Mountain ,to the northwest. Its, ,fQQ,noclinal Ilatu~e, i,g, nicely ex­
pressed at the northeastern iimit ,and the s.Q\.itnwe.ste~fl ;lfrilt"t':,6f: ,tq~, ~ort 
Jervis quadrcmgle. Between tnese two limits, t;he strl!ftt..I:pe 6f .}$.~1;,tatymy 
Mountain becomes noticeably cO[.iple,:. ,,","" , 

, , , 

Ilak.e Rutherford lies in a syncl ino (calle:d't.he Lake Fi«t.herford syn­
cline for simplicity) formed in the Sh&'Nangunk Conglomerate.:'The western 
limb of this syncline forms a form~j<:ble ridge of considerable topographic 
height. "This ridge ,may also be con::;idcrcd the eastern limb of the anti­
cline,whQse western ltmbform3 (l S3C',;:~:l p:;:-ollounced ridge slightly to th'e 
west (Pl. 2). This western limb of tl-,::l anticline marks the upper portion 
Of :·thel:t.thologicall y fair'! y u::i yor1:1 ~hawar.g:..;nk Conglomerate. High Falls 
out,crops are encQuntered s2veral ill. ... 1ci.:ed feet down-dip (west) of this ridgo • 

The anticline is partially breached 2r.d extElnding parallel the length of 
its valley, is a thrust fault ~irp:''1g stf,2piy.'eastward. Surface indic~­
tions of this maj or fault are !';co.rCQ. Aerial 'photographs do not show con­
clusively a fault parallel to the axial plane of this partially breach anti­
cline. However, the western lim~ cf the 2nticline is considerably over­
steepened, with dips ranging frem vertical to 750 NW to 750 ~E (overturned) 
along, the strik,e. A 500 foot WJter \'!Gll drilled by the American Telephone 
and Telegrap~ Company about 530' S 200 W of EM 1513 encountered a consid­
erable fault zone wi thin the tJ1artinSDtllg Shale at a depth of 412 feet. 
At the same110cality, the face of a staep outcrop of the ShawangunkCon­
glomerate had been extensi vel y slicksnsicied with t.he western limb having 
mQ¥ed down with respect to the eastarn limb of:ihis ~ar~1~11ybreached 
anticline. A second well drilled to: ~ total' depth,of~6b feet approxi­
matelyfifty feetea$t of the first w311 locaiion, did n6t 'encounter this 
fault zone. Apparently, the f2.u2.t pl;');12 isfpteep, h~ving a"dip of approxi-
matel y 800 , to .the east." ,'" , 

The Lake Rutherford synclille plun30s to ihe{southwest, with the nose 
of the structure about 1 mile north of L~~:c Rutherford. High Fall z Sand­
stone is nestled in the trough of this strccture as far south as the vi­
cinity of the east~west road (solrthern portion of quadr~ngle), for only 
northwesterly dipping outcrops of conglomerate occli;r south of that area. 
On this basis, it is assumed thCi-c tho L2.!:3 Rutherford syncline is actually 
doubly plunging. 

Immediately north of the s'y':-icl5.r.J.l nose a spl,J.r of the Martinsburg 
Shale extends as an outcrop belt no;tthw8:::twdrd as fa:r,as the6v.~rsteep~be<:i 
westelm limb of the anticline. (Ti)ls lirr,b continues'r;orlh~a~:rd'~efe 
it .. ips becOiM gentler, aver2ginJ 20-30::> northwest. )', Th~se 'shaies'then 
trend, Mrth as far as Lake Marcia abd outcrop as a cons~de.rably"thinner~ 
bel t. Where JIl€.agre" outcrops of.sQa'l~,~'occur in this b~l t, , no" b,edding PiaMs 
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are evident; the shales bein9 highly cleaved. The fine, chip-like frag­
ments, a type of mylonite within Uli!; zone, indicates thi:l"L p(ls~;ibly t.he 
thrust fault passes through this dre~. With the thrust fault plane pass­
ing near the crest of this anticline and the concentration of tension 
joints due to the stretching of the conglomerate near the crest of this 
structure, weathering and erosion succeeded in partially breachi~g this 
anticline and exposing the older Martinsburg Shal~.as {hj~horth trending 
spur ( PI. 3). .. .-. ' . 

. 'A tightly fol~~d, doubly plunging syncline risesisa'high ridge 
east of Lake Marcia~ The highest topographic elevations in the State of 
New Jersey occur along the steeply eastward dippin~ west limb of this 
syncline. The southwestern nose extends to the northwest trending be·it 

. of Martinsburg Shale, where it terminates with a precipi toiis drop; of 100 
.' feet or more, the base of the cl i ff supported by MartinsJ::urg Shale. 

Both synclinal structures, having an undulatory axis, are thus 
doubly plunging. The northeastern, tightly folded syncline, mLlstha-ve Dnce 
been continuous with the Lake Rutherford syncline. Apparently, mo~ement 
along a cross-fault permitted the northeastern syncli~~ to be thrust as a 
complete unit (nose and all) farther towards the ~orthwest~ with the:diff­
erenti al movement resulting in the much tighter folding. Conside·rable 
erosion along the cross-fault exposed subsequently the older northwest 
trending belt of Martinsburg Shale. . 

The northeastern nose (t mile northeast of Cedar Swam'p)of ·this 
tightly fol~ed structure shows evidence of additional cross~faulting~ 
The deformation was of such a nature that the northwest-southeast strike 
of the gently southwest dipping beds of the nose butt up ~irectly against 
the southeast dipping beds of conglom2ratc from the western limb of the 
syncline •. Apparently, this second cross-fault did not allow the compara­
tive~y incompetent conglomerate to a~just completely to the ~istorting 
forces, and the nose of this structure ruptured horizontally along this 
northwest-southeast trending fault. A portion of the nose then was thrust 
against the eastern limb of the anticlice,with the remaining portion appar­
ently faulted out altogether along the major thrust. These·cross-faults 
do not extend any considerable distance to the northwest or ~outheast. 
Even though they are comparatively local in extent they conti'ibutemater­
ially to the over-all deformation picturo of this area. The gap between 
Trilobite and Wallpack Ridge may be the result of a third cross-fault in 
this area. 

From the Camp Minisink Lakes (immediately northeast of Cedar Swamp) 
northeastward, the conglomerate dips co",sistently with angles up·tc 300 

towards the northwest. . 

The entire down dip slope of Kittatinny Mount~i~is cover~dwith 
glacial ~rift. Outcrops are SCarce and consist almost entirely of High 
F~lls. This formation flairs out considerably to the southwest, thinning 
towar~ the northeast, The thinner outcrop belt may be th~ ~esult of 
steeper ~ips due to gr~ater com~ressional forces in the~drth~asti the 
wi~er outcrop belt of High Falls to the southwest migfit be the wesult of 
shallower dips; the compressional forces being of ,lower magn1 tude .•. 
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Wallpack and Trilobit~ Ridges 

Along the northwestern foothills of Kittatinny Mountain, the writer 
undertook geologic, field work on 'a reconnaiss'ance basis. Trilobite Moun­
tain (northeast of Tristates) is underlain by the same Lower Devonian 
formations as is Wallpack Ridge to the southwest. The formations, how­
ever, at Trilobite Mountain are thinner in outcrop; the result of steeper 
dips due to differentially greater compressional forces in this sector of 
the quadrangle. A thrust fault has faulted out the Lower Devonian lime-" 
stones to a great extent, leaving the "Esopus Shale arid some Oriskany 
Limestones as the only formations at,T~istates, New York. The same situa­
tion exists at Dutt(;Jnville, New Je:r;sey, where the northeastern limit of, 
Wallpack Ridge consists of Esopus Shale, the Other Lower Devonian forma­
tions having been faulted along the thrust fault. 

. :!" 

Pocono Plateau 
.-.; 

During the brief time spent in this geomorphic province, the writer 
established gentle wester Ii d'fps (10-150 ) "£01' the Middle Devonian sand­
stones and shales. The area is essentially a gently westerly dipping 
plateau that is in the matl,l~e stage in the cyCle of erosion. :, • 

" 

CONCLUSION 

At Port Jervis, New York, the diverse lithologies and structures 
attent to the pronounced changes the tectonic framework of sedimentation 
underwent during the Paleozoic Era. The coarser clastics (Shawangunk 
Congl~merate and Hamilton Group) dep~sited in the extensive geosyncline, 
were derived from rapidly rising source areas during the close of the 
Late Ordovician and Early Devonian Periods. Folded and faulted structures 
along Kittatinny Mountain are reflections of the Late Paleozoic orogenic 
movements that elevated the thick accumulation of sedimentary rocks in the 
geosyncline to form ultimately the Folded Appalachian Mountains. 

Doubly plunging a'nticlinal and synclinal structures of the con­
'~domerate are ruptured along cross-faults and thrust faults. The northern 
portion of a once continuous syncline was thrust several hundred feet more 
towards the northwest than its southern counterpart, with dragging along 
:the thrust fault plane resulting in oversteepened dips along the western 
'limb. Today, the highest elevatiqn in New Jersey h'as been established 
along this limb. A second thrust fault in the Lower Devonian rocks along 
the eastern foothills of Wallpack - Trilobite Mountain thrust out several 
of the limestone formations. 

The topographic expressions as seen today are the result of epeir­
~bgeni~movements since Cretaceous time. Differential erosion along the 

{" belts of weaker and stronger rock has developed the present ridge and 
valley topography while continental glaciation, spreading a veneer of 
ground morainal deposits over this entire region during Pleistocene time, 
developed the gently rolling landscape seen in the Great Valley today. 
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.:' ROUTE STOPS 

Mileage 

0.0 Hotel Minisink in Port Jervis - straight (~E) on Pike St. 

0.1. 'Right (SE) on E. Main St. at traffic light. 

0.4 Left (NE) on U.S. 209 at traffic light. 

1.1 Roadcut through kame (at sharp turn). 

2.0 Outcrop of Esopus Formation (along right side of road); well~ 
developed southeast slaty cleavage. ',,' ' 

, " I 

2.3 Travelling along base of Appalachian Front on 'l~ft (NW). , :ll)~ 
lowland is underlain by the Onondq:ga LimestonEhwhich is; hidden 
by a cover of till. ,. 

3.5 Helderberg Ridge (lower Devonian) on right (SE); di;~~slope of 
Kittatinny (Shawangunk) Mountain farther east. 

6.0 Marcellus Shale dipping gently NW (into Appalachi'~'nFront), .at 
left (NW). Overlying these black :fossiliferous shales are, the 
olive-gray graywacke shales and sandstones of the Hamilton." 
group. These represent the sediments derived from source 
areas to the east at the onset of the Acadian Orogeny. 



Mileage 

7.6-S.2 

8~5 

9.2 

9.2-9.7 

9.S 

Unsorted and unstratified glacial till. 

Cross over Neversink River' 

Right.(E) on.U.S. 211.. 

~ro$~ing (E) Neversi~k Valley covered with glacial till 

Entering Helderber~fJt idg-~;: 

C-7 

10.1-10.3 STOP U Esopus Formation. 

The rock~ exposed along the roa~ are the black shales of the 
Esopus Formation. This f~rmation iSGhil\i~cterized by its well­
developed southeast dippin9;-slaty cleavage. The nQrmal north­
west nip of these'!owe'r"l)evonian beds is .ob-scured due to the 
cleavage. The Esopus is the mG~t ~mportant formation in the 

, -ridge west of ?hawangUrik,Mountain (PI. 5, Fig. 1). At the crest 
of this ridge is the Glenerie Cherty Limestone. The Glenerie is 
~;'1imestone facie of the Oriskany Sandstone. In the valley be­
tween this ridge and Shawangunk Mountain to the east is found 
the limestones of the H~lderberg Group (Pl. 5, Fig. 2) • 

. ,': 

11.4 Cross over Erie Railrbad tracks via bridge. 

12.2 STOP 2: Unconformable contact betw~en Martinsbur Shale and 
,Shawanqunk Conglomerate walk approx. 300 feet east 
along railroad tracks). 

In this railroad cut is exposed an angular unconformity ~etween 
the Martinsburg and Shawangunk Formations. Ihe~~artinsburg dips 
370 NW and the overlying Shawangunk dips 2SoNW. TQe Martinsburg 
is made of interbedded graywacke shales and sandstones. The 
Shawangunk is a massive quartz sandstone with a 40-50 foot basal 
quartz conglomerate. The high percentage of quartz, the well­
rounded grains, the high index of sorting, and the great thick­
ness, all characterize a beach deposit developed over a long 
period of time. In an old quarry above the road, Schuchert' (1916) 
found Eurypterids in the shale beds found w.i thin the Shawangunk. 
In places the Shawangunk is cut by quartz-filled,veins that are 
mineralized with pyrite, chalcopyrite, galena and sphalerite~. 
These veins near 'Guymard (3.5 miles~gciuthwest of tht!3 locali tV) 
were the site of a small lead-zinc industry appr'6ximatel y 75 
years ago. 

12.2 Intersection with Orange County road 61. 

12.2 Left (NW) on Orange County road 61. 
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13.4 STOP 3: Small quarry in New Scotland Formation. 

The beds exposed in this cut are those of the Lower'Devonian 
New Scotland Formation. Most of the formation consists of 
dark blue-black shaly limestones. Toward the base of the forma­
tion abundant chert is found. The chert layers represent the 
Kalkberg Member of the New Scotland. The non-cherty beds are 
characterized by the following fauna: 

Spirifer maclopleura 
Leptaena rhomboidalis 

13.4 Return to U.S. 211 via ,orange County road 61. 

14.6 Left on U.S. 211. 

15.8 

16.2 

'16.6 

16.6 

16.6 

17.1 

18.2 

19.0 

21.1 

Right at T -intersection with Sanatorium Ave'. (Kelley Hill). 

STOP 4= 'Recumbent fold in Martinsb~rg (east side of Erie Railroad 
,.~ tunnel) - walk ap~rox. SOD feet'alon~ railroad track. 

On the north side of the track, the Martinsb~rg has been folded 
into a recumbent fold. In the same locality other signs of de­
formation are seen, (1) overturned beds, (2)s~all sc~le fault 
east of the recumbent fold. Although foldin~and faulting are 
seen in the area, metamorph~sm of th.e shalesi-s not evident. 
It is interesting t6-note that the Shawangunk-Martinsburg con­
t~ct is fo~nd near the crest of Shawangunk Mountain and not near 
the base. This is due to the predominance of sandstone beds that 
are quite massive in the upper part of the Martinsburg. The 
valley east of Shawangunk Mountain is part of the Great Valley 
and is underlain in this area by the Martinsburg Formation. 

Return to U.S. 211. 

Left at intersection with U~S. 211. 

Left over bridge. 

Right at end of bridge. 
··i' 

Fork in road; left (SW) onto Field Road. ," 

Martinsburg on right (W). 

Exposure of Martinsburg on right (W). 

Intersection with Orange County road 24 and 35; continue" s6uth­
west on Orange County road 35 (finchville). 
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. -, . 

26.2 Intersection with U.S. 6; cross-over U.S. 6 and continue southwest 
onOrangeCouhty road 5,5. 

28.5 Intersection with road leadin,g right (NW) to Camp Minisink; con­
tinue on Or~nge County road:55 (southwest). 

29,,6 New York-New j~tsey 'border; continue southwest on Susse County 
road'519~ , 

29.9 STOP 5: Martinsburg Formation. 

Cy'clic repe'tition of gr'aywacke, sandstone (with some layers be­
coming quite heavily bedded) and black, fissile shale 'charac­
terizes the n!thology of the upper portion of the Martinsburg, 
the oldest formation in this area (Upper Orddv~cian). ' Massive 
graywacke, several feef in thickness, quite prevalent near the 
top of the Martinsburg section (striking northeast and dipping 
on theaverige of 30 n6rthwest), paDtially supports Kittatinny 
Mountain. 'The cont~ct~between this formation and the overlying 
Shawangunk ,Conglomerate; nowhere exposed, in this area, lies just 
below th,e topographi c crest' of this r,ipge. Irregularities in 
sedimentation' (seen rearlily in other" exposures along the strike) 
are represented, by irregul~rly-shaped fragments of shale within 
the massive graywacke l~~~rs. ,These isolated pieces are lentic­
ularand the subjacent beds show no gaps, 'into which they might 
fit. Other fragments: ~re conqave and sharplV angular at their 
ends and appe~r torri from:their posttion by slight tectonic 
movements. UndoLlhtedly,cirrEl-9Ularities in primary sedimentation 
or slumping or other settling movements, incidental to primary 
deposition but taking place after sufficient hardening of the 
deformed layers, permitted them to act as competent units. Van 
Hout~n (1954) ~roposed that Martinsburg mud accumulated slowly 
in a marine environment. Sand, periodicall~ stirred'up in the 
shallow sea was carried· to deeper w~ter environments by spas­
modic turbidity currents, and as the velocity decreased, the 
unsorted sediments settled in graded' beds (not a prominent 
feature in the sandstone because no great range in grain size 
is involved in vertical sorting). Th~ie deposits may repre­
sent a "poured in" type of sediment, derived from the rapid 
erosion of tectonic sou?ce areas. 

32.5 Intersection U.S. 23; right (W) onto U.S. 23. 

33.0 Boundary of High Point State Park. 

33.6 Entrance to High Point State Park. 

33.7 Boulder of Shawangunk Conglomerate in center of ~ad. 

33.8 Right (E) on "Monument via Scenic Drive" road. 
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34.0 STOP 6: Exposure of Shawangunk Conalomerate. 

34.5 to 
35.0 

35.0 

·35.4· 

This is near the nose of a doubly plunging syncline of th{s 
formation. (See Pl. 6 and accompanying discussion.) 

Lake Marcia on left (W) underlain by strongly sheared Martins­
burg Shale. The "scenic drive" parallels the strike of the 
western limb of the syncline; dips range from, 300 to 700 ~outh­
east. 

Inter~~ction with Monumen~'Drive; .r{ght (~~). 
.... ; ",,~ . . . 

Base of monument; park b0ses; walk to monument. 

35.4 STOP 7: Hiqhest elev:?J,i.o,n"iDNeY'iJerseY. '1,8_9~:ifeet a.s.l. 

37.2 
-' 

42~1 

43.7-

44.,0 

44.1 -

This is the highest point! fn New Jersey. ' We ,are still on the 
western limb of the plunging sync'line. Note the" steep south­
'east dips (600 SE) • Lake MarCia is located in the Martirl~bm9 
Shale- as a resul tof breachrng of the anticline' immediately to 
the west and erosion along 'a" thrust fault. The anticlinal, 
unbreach~d struct~re ~ontinues ~outhwest (s6uthwest of the 
A. T~ & T. tower) until it ui~imately dies out (in the south­
western ~o~tion of the Port Je~vis S6uth Quadran~le). All 
structures aTe doubly plunging. Toward the west'lies the 
Pocono Plateau and along the cast, the Great' Vallej underlain 
by the'Martinsburg Foimation. --

Intersection ~ith-U.S. 23; right (W). 

Intersection with U.S. 6 ~t traffic l{ght~ left into Port Jervis. 

Intersection with U.S. '209 at traffic light; continue to second 
traffic light. 

Intersection with Pike St.; feft at traffic light. 

Hotel Minisink. 
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STRATIGRAPHY AND STRUCTURE OF 

'." ..I. ••. : .• 

:'i:", ;'1: 
.": THE'~CATSKI Lt' GROUP" IN SOUTHEASTERN NEW YORK' ~., 

",' :... 

TRIP D 

..... 

_ . 3fLf ~ .. ;~ r ~ ;:' r:~.~ : 
TM!" Universi ty of Iloche~i;~.:r: .'ff· i" 

:".' i-..e:." 

.. :;. 

"' "A blackboard drawing or "a.!,textbook,·'· ·-'1:r,· 

il;1ustratioh' of a sedimentary fa'cies has 
quite a different appearance from a sedi-
mentary facies when one encounters i 1:; -in.· ;: ,. 

. , the field. In the field, facies changes ,-," 
',:' .,s-eem baffling' and bewildering, especially,,;":;""" 

~;' .. "'~ in an area of new and unknown stratigraphy .. ·r. ";".j,~" 
It is as if stratigraphy, hitherto su};lject' .,-. .. .. ,r''':'· 

. to natural laws a,nd capable of rational :~~r I. >.1,.: ·.3:~:~' 
analysis, had suddenly gone lawless and ,2',;,) ",:i-,)'" 
planless. II "J :"," ' .. , \ 

P. B. King 

{ .... I ~ .; THE CATSKILL PROBLEM 

Introductory Statement 
..... := ~j'~{;:,": " 

-': Withi'~ the Devonian rocks of southeastern New York there are approxi-
mately 5000 feet of interbedded red and gray sandstones, shales"1and.tol'l­
glomerates known collectively as "Catskill." After more than''';c;ntury of 
investigation, virtually the only conclusions agreed upon by·theTvarious 
worker& ,in the area are that the facies changes care. GQmplex,: ,the. ,1oGation 
of formation boundaries'is difficult, fe"l fossils. are present:, ,corl'eia'fion 
is uncertain, and the sedimentary environment is eJthers;u~aerial. or 
subaqueous.·.:,:'···· 

~ :: 

,',f' 

. . The complex-intertonguing and intergrading Rf strata of t6e Catskill 
de~ ta offers exoellent opportunity for the study>q,f sedill)entary facies"."" 
The'roi:;~s which comprise the"Catskill group" '!xh~bH Ef~ceptio.rlaL'fntttcacy 
because of threemaj or variations: lateral andv~i-iical 'interg-nac!atf6:ri 6f 
lithologies,lateral .. in-tertonguing of lithol.ogies,·ancl changes/lin .c~r6r.:' . 

.The first facies· variation:'is represented by changes 'in graih sike 'ih the 
sandstones and conglotrierates.·· Grain size increases·. vertic:a.Ql:y:in: the---:!' 
.s:tratigri:lphic section and decreases laterally from~east to:,wesL':Ihler­
tonguing,of lithologies isex'pressed by the relationship' between:·the(red . 
siltstone and thesh',3ile bed$ and the green- and blue-gray sandston~:~'~ ',"Th~ 
red beds thin or "pinch out" toward the western portion of the 'C;~tsk1t1· 
delta. Whereas the previous. two facies changes are gradual, color changes 
often occur within a few feet. The red color is caused by the presence of 
finely divided hematite; the blue- and green-gray colors by chlorite, 
magnetite and other dark minerals. 
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Conditions of Deposition 

The two views of the environment of deposition of the sediments are 
well expressed by J. J. Stevenson (1891) and Joseph Barrell (1913). Barrell, 
whose interpretation has been the generall y (i f not dogmatically) accepted 
one, believed the sediments represent subaerial deltaic deposits derived 
from a high, nearby source. He pictured the paleogeography as a low alluv­
ial plain shading off through fringing lagoons into a shallow mud-bottomed 
sea. Stevenson, on the other hanc., concluded that the strata were laid 
down in a shallow basin undergoing differential subsidence in which the 
basin was connected with the open sea. To him, the lack of animal life 
was not, as Barrell believed, caused by the fact that marine life cannot 
exist in a subaerial deltaic environment. Stevenson claimed that the en­
vironment was unfavorable because of the influx of la~ge quantities of river 
silt into the basin. 

, 
A number of criteria ha~e been given in support of the theory of 

subaerial deposition. The two m6st quoted are the large amounts of red 
sediments and the lack of marine fauna. Red color in sediments has always 
signified an oxidizing environment. The lack of marine fossils, although 
negative evidence, points to a nonmarine origin. Other, and perhaps less 
conclusi ve, criteria are alleged raindrop prints" rootlet markings and 
mudcracks. Conglomerates, cut-and-fill structures, cross-stratification, 
plant fragments and the presence of the largo pelecypod Amnigenia 
catskillensis, believed to be i fresh water clam, have also been put forth 
by varinus investigators as evidence for continental sedimentation of the 
"Catskill" rocks. A proponent of the subaqueous theory of deposition must 
either disprove the presence of the features which have been accepteg,as 
conclusive proof of subaerial environment or give reason for their presence. 
The field trip has been designed so that most of the features may ,be ob-
served and their validity evaluated. ' 

Source Area 

the dir~ction of lateral grain size diminution, currect direction 
criteria, i.e. cross-bedding, primary Gurrent lineation and oriented plant 
fragments, and "lensing-out" of the red beds seem to indicate a source area 
to the east 6f the present outcrops. In 1914, Barrell stated that the sedi­
ment was r.rought in along the whole front of the geosyncline by more than 
one river. He did not draw an analogy with the present day Mississippi 
River delta, but instead, pictured a series of deltas in which there were 
several centers of growth., Preliminary study of directional proberties 
indicates two major directions of sediment transport. The tw~ directions, 
N 200 Wand N 900 W, alternate several times vertically in the stratigraphic 
sectinn. Mencher (1939) believed in a fairly close source of sediment deri~ 
vation. He thought it inconceivable that material in which the grains are

J 

extremely angular could have been transported from more than 75 miles from 
the present eastern limit of the outcrop. Thus far, no one has been able 
to pro,pose a source area ,which adequately explains the presence of the 
congJomerates in western New York as well as those in the region of the 
Catskill front. 
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STRATIGRAPHY 

What is Catskill? 

The first appearance af th~ nam~ Catskill as a gealagic unit is 
faund in the Faurth Annual .Repart af the First Gealagical District by 
W. W. Mather (1840). Mather defined the Catskill Mauntain Graup as can­
sisting af white, gray and red canglamerates with gray, red, alive and 
black grits, slates and shale. He chase the Catskill, frant in the vicinity 
af l<aaterskill Clave as the type sectian and. included ~ in the graup all af 
the strata fram the Onandaga Limestane to' the Pattsville Canglomerate. The 
L;~tter Mather thought capped the Catskill ~~ntains. 

The term "Catskill graup,·1 as used h~re, has no. farmal stratigraphic 
cO.nnatation, but is employed in an infarmal sense to' designate the massive 
wedge af interbedded, DeVonian'red and gray strata which crap aut in sauth­
ea$t~rn New Yark. ;Therefore', the name denates geagraphic as well as strati­
gz;awric lacatiO.n. This calirse is taken anly because the name appe.ars to' be 

:, irretrievably entrenched in g~ologic literature· and to' discard it entirely 
(perhaps the best caurse of aCtian) wauld anly serv-e to complicate an al­
ready .. canfused situation (se:e-'Chadwick, 1936) •. 

;,-: . 

Hawks Nest Farmatian' 

The name "Delaware River Flags" was·"ti:rst applied by 1. C. White in 
1,882 to' the rocks which averlie the marine Hart:liltan (?)beds justna.rth·af. 
;Part,J ervis, New Yark. He reparted a thickne:ss af approximately 1400 feet. 
'Willard(1936) redefined the fermatian as iqOO feet af greenish flags with­
aut rerl'beds. He states that the farmatian is correlative with the Onteara 
Farmatian af the Catskillfrant. Hawever: he 'f~ils to' give an adequate 
reasan far the disappearance af almast 3000 feet af red strata (the cam­
bined thickness afthe Onteara and pre-Ont~9r~:.red beds) which is neces.sary 
to' suppnrt such a carrelatian. Exami0atiOl\,()f,.'rack sampl~s framexplarat0xy 
ail,and gas wells in the area has shawn that' ~ .. thick sequel!C~ afred strata 
acqvr,s.i(n:theiupper 700 feet af Willard' s~;Delaw,are River Flags. This se­
quence0f!:~! beds can be traced, in a series af .. wells, narth alang the:.::: 
Delaware: River and 'inta the regian af Oneanta,Ne.~ Ya~k, where itis called, 
the One.orrta, ·Farmation. This has prampted Fletcher'ta discard the name 
Delaware River Flags. The sectian af gray sandstanes and shale.s which,in;; 
sautheastern New Yark, lie beneath the Oneanta Farmation, are defin-eCJ ;3'5--' 
the Hawks Nest Formatien after the excellent exposures on, the high cliffs 
at Hawks Nest,.N;,·,y. This 80b foat sequence af strata is' PrQbably: correla-:-
tive with the Unadilla. Sandstone of the Oneonta--re-gion... . . 

The dnminant li tholagy is a fine- to' medium-g~ained, ·.light. to' medium' 
bluish graysubgraywacke. The fine'-grair:ed sandstanes are finely laminatedT--­
aM fl<!lw 'rolls are common. Thcllh.."<iium-grained sandstanes exhibit low angle' 
cross..,bedding. A limanite. stain is pres.~ht an the we-a:the.recrro-ck--surla.ce.-,: 
Int~ with the sandstones are mediurii'dark'--gray to' grayish blue sil ti-' ; . 
stanes, v.hich.a..re. b-rownish··.gray .anweathered.surface..and-'lack . fissi).i ty. 
Tb.e--£o,rnwti.on is generally unfosslliferaus. .',1 

-------
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Oneonta Formation 

In the same report in which Mather de:fined-the Catskill Mountain 
Group, L. Vanuxem (1840) proposed the name "Montrose ~andstone or sand­
stone of Oneonta" for the red and gray rocks found in Otega, Broome ahd 
Chenango counti~s, New York. The Geologic Map of New York shows'these 
700 feet of strata correlated with the Onteora Formation. Fletcher; how­
ever, has suggested an alternative correlation (see Plate IV). Strati­
graphic columns constructed frnm samples from gas wells located in the 
northeastern Catskill Mountains show that only the lower 800 feet of 
Chadwick's Kiskatom red beds "",ropout" before they reach'the type section 
of the Oneonta Formation. Ben~ath the Twilight Park Conglomerate is a 900-
foot zone of predominantly red strata, 250 feet of dark gray shale and sand­
stone with two thin beds of coarse-grained, white quartzose sandstone,a:nd 
about 800 feet of intercalated red and dark bluish gr~y' sandstone and shale. 
The 250 feet of rock containing the two thin white saridstone beds forms a 
distinctive and persistent marker horizon in subsurface samples. This zone 
has been traced to the Durham quadrangle where it was called by G.A. Cooper 
(1934) the eastern equivalent of the Portland Point Member of the Moscow 
Formation. In the Durham quadrangle the zone is underlain by 350 feet of 
red beds. In the Margaretville quadrangle, west of the Catskill front, 
only 100 feet of red beds underlie the white sandstone unit$_., _,At the type 
locality of the Oneonta Formation this zone is located approximately 900 
feet beneath the lowest red bed. As a result of these findings the strata 
Chadwick called Kiskatom have been 'divided into three units. - The lower red 
zone, which loses its red beds rapidly to the west and south, is designated 

-the Plattekill Formation and its type section is taken as Platte'kill Clove. 
The middle zone is called the Potter-Hollow Formation after Potte:r' Hollow, 
Greene County, New York. The upper red zone is the Oneonta Formation. 

The Oneonta contains micaceous, pale red purple and grayish purple 
sil tstones and mudstones. The red mudstones exhibit slickensides formed 
by slumping of unconsolidated mud before induration. The sandstones 'are' 
medium grained, :red purple and light gray to greenish gray subgraywackes. 
They weather light greenish gray. The flaggy sandstones have primary 
current lineations on bedding surfaces and, with the exception of one -type 
of freshwater (7) pelecypod and plant fragments, are unfossiliferous. 

Kattel Fdrmation 

The name Kattel was first used by Chadwick (1932) for the marine 
shale previously designated as lower Enfield. The lithology is similar 
to the Chemung facies and consists of fossiliferous gray and dark gray 
,shale interbedded with thin gray and brownish gray siltstone~~~'Although 
:U is easily recognizable in subsurface samples becaus'e of its stratig;raphic 
'position between the red Oneonta and OnteoraFormations, the fossilifero~~ 
portion does not extend to the southeast past Hancock, New York. Therefore, 
separation of it from similar units in the underlying and over! yin~r forma­
tions around Barryville, where the Kattel should crop out, has not be ac­
complished. If Fletcher's tracing of the Oneonta Formation to the Catskill 
front is correct, then the Kattel Formation is correlative with the Twilight 
Park Conglomerate and, perhaps, with the Kaaterskill Sandstone. 
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Onteora Formation 

The Onteora Formation was defined by Chadwick (1933) as the 1150 
feet of red and gray beds which lie between the Twilight Park Conglomerate 
and the Stony Clove Sandstone in the vicinity of High Peak an~l,.RQund"Top 
Mountains, Greene County, New York. The name l,{derived"Trom the Indian 
name for the Catskill Mountains which means "hills of 'the sky." The 
lithology differs very litt1~ from:t;heunderlying' red a{lQ gray strata. 
Subtle increase ingrain size in the sandstones occurs, but is almost 
'im~erceptible to c~rs6ry examination. 
,\ 

By considering the Kiskatom Formation as belonging to the Hamilton 
Group, it become's necessary to correlate the Onteora red beds (which then 
must be Upper Devonian in age) with the Upper Devonian red beds to the 
west':' the Oneonta. If, however, the Oneonta Formation actually lies be­
neath the Twilight Park Conglomerate as Fl~tcher ¢roposes, the Onteora is 
equivalent to the sequence of strata called the West Danby Shale and Sand­
stone (upper Enfield )an:d, farther to the west, the Cashaqua Shale. 

Stony Clove Formation 

Chadwick (1944) ,described the Stony Clove Formation as "gray sand­
stones ,coarsel y flaggy and without a not,icettble trace of red color through 
a thickne::;,s of eight or niiie hundred feet." The.' formation I s type locality 
is the "deep and constricted pass of Stony Clove," Greene County, N. Y.",, __ , 
This formation has a marked physiographic effect on ~he Catskill front. 
It forms a distinct escarpment which can be traced topographically along 
the front., Along the Delaware River the Stony Clove forms high cliffs in 
contrast to the lower topography caused by the less resistant red musstones 
and shales of the surrounding Onteora and Damascus For~ations. Chadwick's 
correlation of the Stony Clove with the,Kattel Fotmation was based on 
" ••• color, lithology, proper expected thickness and general position ••• " 
The same criteria could be invoked to support correlation with the lower 
part of the Rhinestreet, Shale. 

Damascus Formation 
" 

Above the Stony Clove Formation in the Delaware River·r~g:i'on are ."'.-' 
about 400 feet of strata composed almost entirely of red sandstone, silt- , 
stone, mudstone and shale. Willard (1936) gave the;~a"me Damascus Formatlon::': 
to these rORks after Damascus, Pennsylvania where Vii's sequence is well ~X:;;' 
posed., Th~se strata were originally named "Montrose II by White (1882) who , 
believeci i;h~y were the same red beds which crop out around Montrose, Penn­
sylvan"la_.r'~ ,Fletcher has correlated the, Damascus with :the basal portion of 
the Katib~r~ f~rmation, called Lower Katsberg on th~ ~~ologic Map of New 
York State~'",At,thetype locality the formation lie5in the center of ' a 
large syncl'ine (see section on,~tructure), so that along the Delaware 
River older beds occur both to the south and :notth of the outcrop of the 
Damascus Formation. 

The sandstones are fine- to medium-grained and are grayish red 
purple. The few interstratified greenish gray sandstones range from 
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medium- to coarse-grained. Both red and gray sandstones e~libit cross­
stratification. The red mudstones and siltstones st.rollgly resemble the 
same in the two previously described red formations; however, more of the 
fissile red shale is found in the Damascus Formation. 

Post-Damascus Formations 

The strata above the Damascus Formation in Pennsylvania have been 
divided into the Honesdale, Cherry Ridge, Elk Mountain and Mount Pleasant 
Formations. These units have not been recognized in New York. Along the 
Catskill front Chadwick (1933) proposed the name Katsberg (the old Dutch 
name for the Catskill Mountains) for the almost 1500 feet of rocks between 
the Stony Clove Sandstone and the Slide Mountain Conglomerate. The lower 
part of the Katsberg Formation, mainly red sandstones and shales, is corre­
lated with the Damascus. The upper portion, as yet not adequately differ­
entiated, consists of coarse-grained greenish-gray and red sandstones and 
~hite quartz pebble conglomerates with red and green sand matrix. Chadwick 
(1936) believed that "it is embarrassing to have any formation name lap 
across a subperiod line, such as that between the Middle and Upper Devonian." 
His stratigraphic interpretations are founded on this thought. The result 
(see Plate II and figure 1) is that he applied different names to rock zo~es 
which are stratigraphically continuous because they transgressed time bound­
aries. To strata which are actually stratigraphically equivalent to the 
Katsberg Formation, he gave the names Catawissa and Montrose. 

Capping the highest peak in the Catskills, Slide Mountain, is a very 
distinctive quartz pebble conglomerate which bears the name of that peak. 
The formation is 400 feet thick and was named by Chadwick in 1933. The 
conglomerate, which contains white quartz pebbles commonly greater than 
70 mm. diameter, is cross-bedded and weathers whitish or greenish yellow. 
Besides the quartz pebbles, a few green siltstone pebbles may also be found. 
The lithology is strikingly similar to the conglomeratic portions of the 
Pocono Sandstone. If the two are correlative, Slide Mountain may be an out­
lier of the more westerly plateau area of Pennsylvania. 

STRUCTURE 

General Statement 

The dominant structural feature of the region is a synclinorium in 
which the axis plunges southwest and passes through Hunter, New York and 
Damas~us, Pennsjlvania. The strata of the southeastern flank strike about 
N 300 E and dip to the northwest at angles which vary from 400 at Ellen­
ville, N.Y. to less than 10 in the vicinity of Liberty, N.Y. The strata 
of the western flank strike N 850 E and dip toward the south at angles of 
20 just north of the Gilboa Reservoir to less than 10 along the Pepacton 
Reservoir. Many small local flexures are superimposed on the regional 
structure. Combined with the facies changes and lack of marker beds, 
these subtle changes in dip angles and directions make stratigraphic 
interpretation difficult. 
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Fractures and Fracture Systems 

Two major joint sets are present. The first set strikes almost due 
north and is generally vertical. The joint face is smooth and its trace 
is straight. Plumose markings are common and, along the Delaware River 
outcrops at least, mineralization has occurred along the joint planes. 
The .second set strikes N 850 E and is also vertical. However, th~ joint 
faces are rough and their traces are wavy. Plumose markings are also 
present on the joint planes of this set, but no mineralization has taken 
place. Both s.ets of joints are well expressed in the sandstones, but do 
not occur with any regularify in the shales and siltstones. In these finer 
grained: ro~ks there is small scale "crinkling" causedbyrilinute slippage 
along microjoints whichparallelthe east-west joint set~ . 

In the sandstones; parting of the strata also .occurs ~lbng t~~ 
bedding planesbet~een the topset beds and between the f6reset beds. 
This parting, caused by the parallel alignment of·small plates of muscovite 
along the stratification planes, makes possible the flagstone industry of 
the Catskill Mountains. The presence of slickensides along a few of t)1e 
pedding planes of the sandstones indicates that some movement has taken 
place. The slickensiding is probably the result of gentl~ fleXhre folding. .. . 

.... Some faults with small displacements have been note'd. One good ex-
ample may be seen along the sci'uthernshore .~ the ",Pepacton Reservoir just 
east of Downsville, N. y~ . 

THE PROBLEM AGAIN .. : 
The Pocono-Catskill Co~tact 

... 
'I . 

• 
Two alternatives have been su~gested for the contact b'etween the 

"Catskill group" and the Pocono Formation (see Plate VI). In· eastern 
Pennsylvania the lower boundary of the Mississippian Period has been 
placed at the base of the Pocono Sandstone. However, the confusion in 
identification between the Pocono and the Honesdale-type sandstone and 
cOAglomerate by early workers in Pennsylvania is well known. Willard 
(1936}~cQncludes that'the contact between the Mount Pleasant Red Shale 
(the highest formation·of the "Catskill group" in easter;'; Pennsylvania) 
and the Pocono Formation is unconformable. He states, "The writer has 
l0ngentertained the feeling that this lithologic change in passing from 
the Devon'ian to. the Mississippian continental formations i? the direct 
expression of a market! orogenic movement •• , •• " :rh.is conclusion is based on 
the fact that the Mount Pleasant Formation ~hlnsrapidly to the west and 
the na.t.ure of the contact, which is locally irr·egul"ar. He says that the 
thinning is 'due to subaerial beveling, even though" ••• ,nowhere has an angu­
lar discordance of dips been seen." Thus, Willard says thaf the ·Pocono was 
subseqven~+y deposited upon this erosion surface. A very different picture 
can be constructed if the "thinning" of.the Mount Ple?,sant Red Shale is 
caused by facies change. Also, irregular contacts between sandstone anq 

. shale units are the rule and not the exception in the "Catskill group." 
If, as suggested earlier, the Potono and"Slide. Mountain Formations are 
equivalent, where, then, should the Devonian:-Mississippianc0f-ltact be .. __ .... _ 
located? 

-. 

• • • 
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Concluding Remarks 

The interpretation of stratigraphic relationships in the Catski!ll . 
d~l ta presented h~re di ffers from those common 1 y accepted only with 'respect 
to the magnitude of the facies changes. The fact that red. bedswere'being 
deposi ted in the eastern part of New York State at the same time black ., 
shales were being laid do~n in the western portion has baen well documented. 
Plate VII shows the three types of fac~es changes mentioned previously.' At 
any particular stratigraphic lavel grain size decreases from east to' west • 

. This is true because each level transects the,more landward portio~ of the 
. sedimentary 'pasin in the east, and passes to. deeper water environmental con­
di tions toward the west. If car.ried far enough the'sequence at a particu­
lar level from east to west is: red shale, sandstone and conglomerate -
gray fossViferoy:s . .shal.e. anp. ~~ndstqne - blacLshOile and limestone. 

The vertical grain sizeiocrease is;the result, of·'the gradual re­
gression of the sea from ,the. ,e~§ternpart t)f-th~hbas:i:n. ·lne(·diagram also 
shows that the marine units. atta~ntheiI1gr,eates't thickness~'in the west; 
while the reel beds are thickest in .the· east",·, .. This;rresul ts iniritertorigui~~g 
of the two li thobgies. All units do not .thicken toward "the east at'a con-
'stant rate as once thought. 

The l~cation of time boun1.aries in the eastern po"rtion of. the Catskill 
delta can be perilous, indeed .·However, it appears that the Twilight Park 
does not mark the base of the Upp~r Devonian. Actually, Upper Devonian 
sedimentation began s-mewhere in the lower portion of the Oneonta red beds. 
The imaginary line elenoting the base of the Upper Devonian crosses the facies. 
from the red beds through the Unadilla-type rocks anel into the.b:latk shales 
of the Geneseo Formation •. Only at local outcr~ps tan one say that a par­
ticular unit lies at the t9P of the Middle Devonian or at the base of the 
Upper Devonian. 
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ROAD LOG 

.:~ .f. .:~ Description 

Proceed north to Rte. 97. 
.~ ~ ," " 

:Point Peter, Port Je'tv'ls, N. Y. Outcrop of dark gray shales and 
sandstones called Portage by Willard (1936) and marine Devonian 
beds on the GeoJogic Map of Pennsylvania. These rocks contain' 
many of the sarile' fauna as the Mount Marion Formation 'along the 
Catskill FronL ' ,;,'," 

3.2 Junction of Rtes. 97 and 42. Continue straight ahead (north} on 
Rte. 97. 

3.9 Beginning of outcrop which shows the type section of the Hawks 
Nest Formation. 

5.1 STOP #1. Type section of Hawks Nest Formation. 

5.6 Cross the Mongaup River. 

8.1 Outcrop at left along the river. A clear expression of the 
regional dip, cross:~edding, and joint pattern. 



10.2 

11. 2 

12.0 

13.3 

13.9 

14.9 

16.1 

.... 

-~.----.----------

Large quarry at the right~ 

Bridge at Pond Eddy, N. Y. 

Sandstone outcrop on Pa. side of the river. 

Outcrop at right. 

STOP #2.\ Outcrop of the Oneonta Formation. 

Sandstone outcrop a~ong railroad on Pa. side of river. 

Sandstone outcrop on right sid~ of highway. Notice Well~ 
expressed joint sets. Red siltstone at top of hill • 

D-lO 

17.1 Outcrop along i~ilroad on Pa. side. 

18:2 Outcrop of sandstone on right side of highway. Cross-strati­
fication is abseni~ Red silt~tone near bottom of hill • 

18.8 

...... : 

Junction of Rte. 55 and 97. Continue straight ahead (north) 
on Rte. 97 through Barryville, N. Y. 

20.2, Outcrop on right. Watch for appearance of red mudstone which 
indicates the regional dip. , 

• 
23.0 Minisink Ford. Continue on Rte. 97. Lackawaxen River enters 

the Delaware River at this point. 

·23.3 Large outcrop of the sandstone on the right. 

26.6 Outcrop showing well-developed cross-stratification. "X:! ' 
' ...... _." 

'I. i 

28.2 Outc~op on both sides of the highway. Red siltstone and 'a dark 

28.5 

. '30.0 

30.5 

·grayshaleareexposed. 

Outcrop of the Bariyville member of the Shohola.Formation (see 
Willard, 1936). Notice the distincti.ve weathering "holes." 

Cross the Ten Mile River • 

Sandstone outcrop at left showing well-de~eloped cross-strati­
fication •. 

32.9 Junction of Rtes. 52 and 97. Continue 'nbrth on Rte. 97~ 

33.7 Rte. 5i leaves Rte. 97. Bear right and conti~ue on Rte. 97. 

34.7 Outcrop near the top of the sandstone on the right side of the 
highway. 

39.9 Outcrop at right. Notice the abundance of red soil. 
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40.2 Red siltstone exposure at right. 

41.2 Red siltstone exposure at right • 
. 

41.4 Outcrop of red siltston~ and mudstone on right side of highway. 
Notice anticlinal structure. 

42.0 STOP #3. \ Type locality of the Damascus Formation. 

42.5 Red shale and mudstone exposed on both sides of highway. 

42.7 Lea' e Rte. 97 and bear to the right (east). 

47.6 Fosterdale, N. Y. Junction of Rtes. 52 and 178. Turn left 
(north) on Rtes. 52 and 17B. 

48.1 Leave Rte. 178. Bear right on Rte. 52. 

49.1 Outcrop of gray sandstone in Damascus Formation at right. 

50.3 Continue on Rte. 52 through Kenoza Lake, N. Y. 

51.4 Junction of Rtes. 52 and 52A. Turn right (east) and continue 
on Rte. 52. 

53.9 Continue on Rte. 52 through Jeffersonville, N. Y. 

64.6 Red sandstone exposure at right. 

66.3 Liberty, N.Y. Junction of Rtes. 52 and old Rte. 17. Turn 
right (south) and continue on Rte. 52. 

66.7 f Junction of Rtes. 52 and 55. Turn left (east) and proceed on 
Rte. 55. 

72.0 STOP #4. Outcrop of the Lower Katsberg Formation. 

END OF ROAD Lex; 

Return to Port Jervis via Rtes. 55, 17 and 209. 
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WILLARD'S INTERPRETATION OF 

CATSKILL STRATIGRAPHY 
Yo ... /t: 

N 

(After Willard~ 1936, Geol. Soc. AmericCI Bull .• v.41. 

p.572, pI. 2.1 

(After WillClrd. 1936, GIIOI. Soc. America Bull., v.47, 
p.602, fiG.3-8.) 

PLATE I 
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CATSKILL STRATIGRAPHY 
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N 

(After Chadwick, 1944, N. Y. 

p.9, fig. 3.) 

State Mus. Bull. 307, 

Poc:.." • 
PI .. T •• U 

POT"SVILL£ 

(After Chadwick, 1935, 

v. 29, p. I 34 , fig. I.) 

Am. Jour. Sei., 5th ,er., 
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TRIP E , . . 

'-_.-. 

THE FRANKLIN STERLING MINERAL AREA 
by 

Helen A~ Biren, Brooklyn College 
" 

Introduction 

E-l 

The area which we shall visit is 'a limestone region lying in the 
New Jersey Highlands, which is part of the Reading Prong. It extends in 
a northeasterly direction ac~os5 the northern part of the state. 

The rocks are Precamqrian "crystal,lines" with narrow,beltsof in­
. folded and infaul ted Paleozoic. sedimentary rocks. Major 10ngi.::tr,~9;nal 
faults slice the fold structures,so that the area has been ,described as 
a series of fault blcicks e~iendingfr6m south of tbe Sterling Mine to 
Big Island, N. Y. . ", 

", For. many years the Franklin Limeston~iyielded enough zinc .to make 
'New Jersey a, leading producer of this commo~!~ty.~)',Mining has steadily de­

creased in thi'sarea, and in '1955 thefrankl.inMine ~as shut dm.W1 perman­
:eDtl y, so .that mineral specimens are4eri ve({:ma~~l y ,from surfqce dumps 
and quarries. Some twenty million tons of ore were remQved from Franklin 
before it was shut down. 

Prior to mining, the ore outcropped in two synclinal folds com­
pletely within the limestone, which pitched to the northeast at an angle 

.. _" ,of about 250 with the horizontal. In these two horseshoe shaped bodies 
"Were developed the Franklin and the Ste,r,Ung M~nes. This zinc ore :h,,: 

unique in its lack of sulfides and lead mir,tera~~:, and in the occurrence 
'of frankliniteand zincite as substantia~~ore m~nerals. 

: :: 

The limestone has produced nearly 200 species of minerals, some 
33 of which were first found ip,Fr(inklin,and .about 30 of which have never 
been found el$emere. . .. 

r 
. , 

The emphasis for this trip will be .on m$peral collectif,\g, and nQ 
attempt will be made to demonstrate the many complex mineralogical and 
geological problems still unsolv:edhere. ." 

History 
", . . ":[:', 

A very brief history of the area may ,be of ,i;nterest.,.The earli-
est records go back to about 1640, when Dutch miners in the Minisin.~:;; 
Valley prospected the Sterling ore. 

,"i,i,,priginally this ,::was, a pig iron, ~errter, the ;first ro;rge built <;Jt:' 
Franklin about 1770. ,The un,S:!Jspectedzinc and, manganese pr~vell.tedsuc­
cessful smel tin9, so the industry came to a standstill by 1820. 

',:.1 " , 

. Between 1820 and H350, Pro Samuel Fowler." his 'son Col. ,Samue,J.';'I 
Fowler, and a numbel' of otherscienttsts, . studied the ores andrec-og""";; 
nized their eoinposition and properties. 
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In 1841 the N. J. Zinc and Copper Mining and Manufacturing Co. was 
chartered, and in 1850 the ore bodies were successfully exp10i ted, the 
principal product being zinc oxide. In 1854, the company started roasting 
franklinite for zinc oxide, and smelting the residue fOT manganiferous 

,i;ron. 

From this time on there was continuous expansion; in 1880, the 
Trotter shaft was sunk into the pegmati,te ,and the pneumatolytic zones; 
the Buckwheat area near Mine Hill was op,eh,ed and stripped; and :in 1888, 
ele'ctro:magnet.ic conoeritTation of ore res'un~¢ in the production o£,'zinc 
,oxide and spiege1eisen frbm the franklinite;and zinc from the,. willemite. 
In ;1896, the)·Parker shaft was opened, and many new spec.ies were found. 

Much litigation among the various compaQieshad interfered with 
production,' buti'n 1897 all the properties.vyere consolidated il}.:.the' pres­
ent:, New Jersey ZiO'c Co., . and 'the mines were'continuallYPlioductiveuntil 
1954·when the Franklln Mine could no long~~ b:e worked ,prohtably, and was 
completely 'shut down iri 1955. "!heSterling Hill Mine at O.gdensbyrg .is 
still expanding. 

General yeo logy 
:'; ~ ~ f.. '.,' 

" • :,franklin1is located in a zone of Precamhrian rocks flan~€d by '.·Raleo-~ 
zoic inliers. The zinc ores,' as well as 'some iron ores, occur :exc,lusively . 
in Precambrian· tocks, ·generall y classified. ·as metased·imentary,. ,igneol)s and 
metavolcanic types. A detailed study of the Precalnbri~n geology of this 
area is to be found in Baum (1957). ",'1\ : 

"'; The' Franklin Marbl~, wh'ich contains ·the ore,.is a cryst,alline' .wbite 
limestone and dolomite, sometimes si.liceous, and characterized by the pres­
ence of blocks and bands of dark gneiss which were broken and displaced by 
the ,deformation of the marble. ' ' .. ' .':.' .(".>!) 'c, 

;; :', 

West of the Franklin Marble -has been mapped a zone called the "Pochuck 
Gneiss," which more recently has been described on the basis of mineral as­
semblage, rather than as a unit formation. 

To the east of this area the Precambrian Bryam gneiss putcrops. 
B.aum.,(l957) divides thin into three major types, based 6n grain .as,wel) as 
minel'a'~ogicalcri teria." "", , 

The pegmatites found in 
in~o sadie and potas~ic types. 
tb.e.,loc.ale for many of the> rare 

the the Precambrian, rocks have been divided 
The contact zon'es of thesepe9amtiteq .... ?re 
mineral species fauna in ,this,region ... ". 

, . \," , 

The Kittatinny Limestone is a thick dolomitic series of early Cambro­
Ordovic.ian Age, which outcrops to the north and east of,.FrankUn Pon.d". The 
Kittatinny is separated frorri the Precambrian rocks,by' l'ongitud:i'nai f~\~lts 
which trend northeast. In the graben at Franklin Pond the Kittatinny shows 
some post-Ordovician folding, but this is not indicated in the Precambrian 
rocks. 
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Origin of the Ore 

Many hypotheses concerning the origin of the ores·in this area have 
been advanced, but so far no single ,hypothesis has satisfactorily explained 
all the peculiarities present. Pinger (1948) .. has reviewed and discussed 
these hypotheses, which come under the folfowing general neadings: 

1. Igneous inje~tion. \ 
2. Sedimentary'.ore deposited in the limestone and later metamor­

phosed •. 
3. Contact metamorphism due to injection of the pegmatites. 
4. Replacement from magmatic solutions. 

The hypothesis which comes .. closest to f,utfilling the conditions ob­
served is that of replacement of f'avorable horizons in the limestone by a 
primary oxide ore, since elimination of sulphur after emplacement is diffi­
cult to explain. Sampson (1957) has given additional detail of features" 
and facts which must be considered in the formulation of a theory of origin. 

" 

". The minerals which could be considered "rare and interesting" rather 
than ore minerals, are generallY,~nterp:reted as "contact" minerals, formed 
by the interaction of hydrothermal solutions with limestone or dolomitic) 
host rock. The host rock supplied calcium .and magnesiu, the magmatic so­
lutions brought in silic~, water,and rare elements like boron, fluorine, 
and beryllium. (See Montgomery, Picking Tilble~June 1960.,) .'; .c') 

Rout~ Stops' 

On the accompanying sketch map .(taken i'rom Pinger, 1948) numbers 
have been placed to locate the areas which we shall visit. 

. . 
,Below 'is a brief note on each location,' but specific information_,_ 

con'cerni-ngdetails .of the mineralidescri,PUons~, paragenesis and associa­
tions can be bestobtaine'd from th.e pap~t .by pa'lache.i(1935). 

... ~,~. : '. 

Stop No.1, Sterling Hill: 

The Lord Ste.rling Pits, the earliest known workings (1770) outcropped 
in the legs of a syncline in the Franklin Limestone, ·wfdch pitches north­
east at an .angle of about 500 ffom the horizontal. Details of the structure-" 
are quitecqmple.x. About 1913 a shaft was sunk a'nd exte'nsi ve Underground ", 
development started • 

. , . Theora: appears ,to .haye followed definite stratigraphic horizons in 
~he,folded'5tructure, sinceihe banding of the Fr~nki~h'Lime~tone and the 
complex folding ·of the ore veins appear to conform;" Pegmati tes are not 
present with the ore, so fare minerals arefewer<than at Franklin. Miner­
als reported from this area (other than the coirunon spe'des listed orr the 
chart). include: Chalcophanite, McGovernite,. Mooreite, and Roepperite. 
• . . . ,! ·i;":'··.· 

'" " 
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Stop No.2, Farber Quarry: 

The Farber Quarry (formerly the Bigelow Quarry) on Cork Hill Road' 
at the Franklin-Ogdens Tg line is th.e, only a'ctive local quarry. :, 

In this white limestone may be found tremolite in fluorescent 
crystals, pyrite crystals and calcite, chondrridite; norbergite~ magnetite, 
dolomite, edenite, fluorite, graphiie, hematit~, phlogopite ~hd scapolite. 

Stop No.3. Slag Heap: 
.'.": 

Along the east'side of Cork Hill Road are large ,dark boulders which 
represent sl~g from the old'Frankli~ Furnace. ManyCminer~l~~re present 
in some of the boulders, and the "vesicles" in the slag show a variety of 
fillings representing $econdary mineralizatio~. " 

Stop No.4, B. Nicol Qua~ (Formerly' the Fowler Quarry): 

This was the laxgest.,quarry in the area, and was active at the turn 
of the century as a source of£lue for ihe bi~stfurnace. 

It is requested that visi tors stay .cle~r of the buildings of the 
Cellate Corporation, and do not ~ in lhevic1'hity of the buildings OT' 

drums. 

Recent visits to this quarry have yielded specimens of amphibole, 
apatite, arsenopyrite, chondrodite, diopside, edenite , fluorite, graphlte-~ 
magrietite, phlogopite, pyrite, pyrrhotite, pyroxene, quartz, scapolite, 
spinel and green and brown tourm~line. " 

Stop No. 5, Fur~aceQuarry:, 
J 

This is an abandoned quarry in th§;~hite limehone which ,has yielded 
many metamorphic minerals, includingar~en~~yrite,ed~nite, 'fluorite, 
graphite, norbergite, pyrite, pyrrhotite, rose quartz, sphene, spinel and 
tourmaline. 

";","! .. ' 

- Stop No.' 6',: Buckwhea,t, Dump: 

In 1852 the' csastern ,leg ~J the s'y~'qi,n~ was 'discovered, and was. 
stripped to form the Buckwheat open cut. Much of the overburden w'as re,­
moved to the dump. 

I" ; • 

The accoCTipa:nying key 'lists' 5'0 mineralswh'ich 'are likely to be found 
there. Since the .,town of Franklin turns the du'iiips over at intervals, fresh 
maierial:s are expos~d, so that there is. a likeHhood that ,a variety of 
s¢ecies;will be available. 

,I' ; 

In the sheds at the foot of the dumps some long'and short' wave;, ul tra­
violet lamps will be available for determining fluorescent phenomena. Ac­
companying this paper is a chart describing the fluorescence of Franklin 
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-':;minerals, as observed and as reported in the liteTature.Not.~.all samples' 
of a given mineral will display the described fluorescence, bLit it is cer­
tain that Buckwheat will yield some fluorescent material. 

Stop No.7, Mine Replica: 

The mine replica is an authentic duplicate' of a ty.pical.:;working 
space in the abandoned Franklin Mine, and a display offluoreSc~~t miner­
als under ultra-violet light. This is an optional trip and involves a 
50-cent admission charge. Since only a limited number can be accommo­
dated at one time, arrangements for this visit will be made while the rest 
of the group is collecting at the various quarries. :, 

" 

This trip also offers a good view of the Buckwheat 'ope:n cut. 

Lunch: 
., !; 

Lunch will be at the Village Inn on Route 23 (sandwiches, homemade 
pie, coffee - $1.00). Please make ·your reservation in advance at the reg­
istration desk. 
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Brief Key to 50 Cornmon Minerals 
(as found in Franklin-Sterling area) 

LUSTER - METALLIC 

Color H: Streak Disting. Properties Name ",,,,I 
==========~===4==========~i==================~~====.====~-
Black 

Gray 

6 

I 6 
I 

1 

6 

Blue-gray 1 

Silver white 6 

Brass-yellow 3-st-

4 

Bronze-yellow 4 

Bronze-brown 3 

Copper-red 3 

Black 

Brown 

Black 

Gray 

Red-brown 

Blue-gray 

Gray-black 

Greenish­
black 

Greenish­
black 

Brown-black 

Gray-black 

Gray-black 

I 

IOctahedrons or massive; 
I no cleavage; strongly 

magnetic. 

Magnetite 

Rounded octahedrons or 
massive; no cleavage; 
weakly magnetic. 

Folia; greasy feel; 
flexible; marks paper. 

Isometric-cubes; per­
fect (100) cleavage. 

Tabular crystals; no 
cleav. ~partiI1g oood. 

Franklinite 

Graphite 

Galena 

Hematite 

Hexagonal folia, flex- Molybdenite 
ible; marks paper; 
heavier than oraph ite. 

Prismatic striated xIs.; Arsenopyrite 
massive. imperf. cleav. 

Usually hairlike xIs., Millerite 
in cavities; not 
plentiful in Franklin. 

Usually massive, tarn- Chalcopyrite 
ished bluish, cleav. 
imperfect; yellower 
and softer than Pyrite. 

Pyritohedrons, cubes, Pyrite 
massive; no cleav. 

Usually massive or Pyrrhotite 
"drops" hexag.; no 
cleav.; tarnishes 
brown; magnetic 

Tarnishes purple; usu- Bornite 
ally comRactl no cleav. 

Red, metallic Usually dendritic, 
wires; malleable 

Copper 



Color H 

Colorless-to-
i
2t-3 

white 
3 

\. 3 

• ( ", j' 

~-4 
.' ~ .. ' 

3t-4 

4 

5 

6 
, 

6 
" 

6 

7 

Yellow ',~ : L .. 

5.5 

7 

Brown 

2t " 

2t-3 
;1.' 

3-st'· 
4 

.!. 

.. 

'. 

.... 

----
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LUSTER NON-MET ALLIC 

Streak 

" 

,:)' 

• "j", j 

, ; 

Disting. Properties Name 

I~regular platy elastic Muscovite 
·fclakes; perf .cle~v:a·ge::;:-... :~:::"~.~::-.-'- .. ,.: -".~:;:::-=': 
Usually opaque; cleav~ge Calcite 

rhombic; may be-pink,'-
brown; effervesces in 
dilute HCl; f l.·red. 

Usually cleavages - ,per- Barite 
fect - or massive; 

'heavier than calcite. 
. Fl. pale blue • 

Usually crusts on other 
minerals. Rare, fluor-

Aragonite 

yellowish_ cra_am ___ . __ ... _.. .... .. __ .. _ ... _ ........ _._ 
Curved rhombic xIs.; 

massive ~ranular; good 
cleavage. 

Dolomite 

Earthy white films; good Smithsonite 
cleav.; fl. cream. 

Usually translucent -
transparent; often cox-

Hemimorphite 

.'. comb xl s, .9..o..Q!;L_c.l.e.a.Y .• __ .. · ." ... __ _ 
Usually columnar or fi- Tremolite 
brous; fl. blue. - ~-

Rare color. May fl- Willemite 
green; cleav. imperf. 

, Usually massive; good 
tleav.; twin planes. 

Many small vitreous 
colorless xIs. in 
pockets.> ___ 

Massive, honey colored, 
.i.:' opaque. 
"i'Massive, honey colo:red~' 

~. : Flo (at Franklin) buff • 
. iYellow brown',' ;wedge 

"shaped xIs.; massi¥e; 
Fl. red -

Usually brown, may be 
green; massive, com­
pact, fibre 

Albite 

Quartz 

Chondrodi te . :", 

Norbergite 

Axinite 

Serpentine 

Irregular elastic plates, Biotite 
blackish-brown 

Phlogopite 
- : 

',~ ~ -~ .' . 

Yell,w-brown 

Yellow 

Hexagonal, bronze col­
ored elastic platy xl~~ 

Mustard colored powdery 
al teration produs;;,t.L 

Usually massive resin­
ous luster, yellow­
brown. 

Limonite 
. ~- ".-_... .....•... -, ._" -."-' 

Sphalerite 
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LUSTER·~ NON-METALLIC (Cont'd) 

Color H Streak Disting. Properties Name , 

: 5-6 I 
\. ! 

Brown I - Orthohombic; massive; i Bementite 
(cont'd) I conchoidal fracto , 

I 

6 
I Usuall y massive, im- Willemite i I -, , ,perf. cleav. ; flo green. 

I 7 - "Good dodecahedrons, or Garnet , 
" granular massive, may (spessartite) 

i 
be black (pol ydelphite). 
No cleavage. 

, ' 

~\; 
\ 

.8 - Isometric xIs - octahe- Spinel .. ' 
(Gahni te) , , drons. Imperf. cleave 

; \. .. 
Gray 6 - May be massive gran; Scapol ite • tetragonal prismatic 

, xIs; good cleav.; may 
flo orange or yellow. 

6t Var. of olivine; granu- Tephroite 
. lar-massive; good 
cleavaqe. 

'" 

Gray-Green 5 Hexagonal, prismatic Apatite-
xIs; good t.ermin. flo 

I 
Svabite 

yellow-orange - pink-. " 

ish. 
6 

.'1' 
Monoclinic, prismatic Diopside 

,) xIs; good (110 ) cleave .. 
9 Hexag. prisms, good Corundum 

basal cleave 
"'-"¥". ....• ... -- ..... _.-.. -- . ..... .. ,-- . ' -.. ~-- .. _. , .... ,',,- """ .... 

Green" 2 
•• 1' 

.: ..... ' In tiny plates or folj:i?- Chlorite, 
I flexible-deep green. 

I 
.. 4" ;' ; . ... Usuall y massive, compact, Malachite . : , 

L ~ " . ; ; ~ ',.' .. apple-green. 
: 4 )(E;!1l9'IJ' Resinous, translucent- Sphaleri te-

fluor. orange. cleiophane 
6 - Imperf. cleave Fluor. Willemi te --... -.. ".' ,'.'" . .--- -.-.. _ .. "" ----_ ...• - .-- -- .. " green. 
6 - Good cleave - 2 direc- Amazonstol)e: 

,,': tions; Triclinic. 
i Epidote 6-7 - Massive, granular, 

. !'~ crystalline, medium 
_green • 

," . : 
. - ," --

Blue 4 - Usuall y massive, granu- Azurite , ,.'.', '.: 

I;. I " : ,,'\ 
lar, li®'l:" ~ medium,' 

" .... . , , blue. , I " 

L',~ 1 ".: ':.: 
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LUSTER - NON-METALLIC (Cont'd) 

Color H Streak Disting. Properties Name 
· .. ·'·_."M .. 

. .... . " '''' 

Pink 3t-4 .... \ Massive, granular, good Rhodochrosi fe""" . -... 
"'" - .rbombic cleav., opaque. 

5.5-6. Tricliriic bright pink RhQQ.Q..n,tt e 
~ : I -:, ::, 

- .. -• !", r.:~.,. 

prismatic xIs; mas§ive, bust'amite '. "-
, :. ., ,', granular " . 

"i 

• ,1 -;" .... ~:' { . , 6 ... Salmon-pink. Good cleav • Microcline ~ , 

- 2 directions. 
9 .., HexagonaL barrel-shaped Corundum (ruby) 

xIs. basal cleav.aqe. . " 
•. 

Red .. i . ,Orange XIs usually grains Zinci te 4-4'2 rare; . , 

or plates •. I cleavage. 
6 - Brownish-red, imperfect •.•. 'Wi llemite 

cleavaqe. Flo qreen. 
_·,ji "f 

~. ~ ... .,j-: 

Purple 4 - Comes in air'shades - Fluori te 
whi te, cubic; ~ls,. 
good tri ang1-l1<i;{.:cleav. .. 

faces. Streaks'in"'ls • 
.-

Black 6 " :, .. Gre,'enish black, silky Amphibole - -
luster, columnar xIs, edenite 
prismatic cleavage; 

. .' , wedge shaped. ., 

.'. 
J~ Isometric xls -:-.. octa- Spinel - -

I 
hedrons; impe~Ject ". gahn,ite 7'" 
cleavage. '. 

j I i ' " , ; r:~ ,. .J •. ~ .r~: .' f : 

2,.: 

. ,", ;' ~ .' . 

;-'" 

:"'! .' 



E-12 

Name 

Corundum ",.' 
Rhodoni te, 

Calcit:e 
Mooreite 

.\ ; 

Axinite 

Sphaleri te 

Barylite' 

Hardystonite 

Pectoli te 

Sphalerite 
,r 

Clinohed-rite 

Wollastonite 

Svabite 

Tourmaline 

Scapolite 

Cerussite 

Norbergite 
Fhlogopite 
Calcium 
larsenite 

Willemi te 

FLUORESCENT FRANKLIN~STERLING MINERALS 

RED "FLuORESCENCE 

.... ' . 

red or greB~; - in is.' 
p.ink' to' browI/i sh pink· 

.white-pink cleavages 
,white (may have been mis-

identified) . 
.. _y~l.!~)~~ ... o:r.)(Uz~_~_mal1!:: .... 

ganaxinite 
light'greenish brown 

,.:~;~ ... :.: ',,' .... :.::. 
Iron Arc • 

, -

.1 
I 

I 
I 
I 

1= 
; 

'PURPLE FLUORESCENCE 
'''c-I 

white plates in hedyphane, i lavender 
with willemite 

white to pink grains in Is.; violet 
i 

ORANGE FLUORESCENCE 

colorless or white 

vitreous green-brown­
cleiophane 

amethystine-white, 
vitreous 

white" silky, bladed 

gray apatite 

yellow 

orange 

i 

YELLOW FLUORESCENCE 

brown, yellow, green, 
prisms 

white, gray, translucent 
xls 

colorless, white - mainly 
Sterling 

honey colored in Is. 
bronze mica with calcite 

white, opaque, greasy 
luster 

small crystals from 
Sterling Hill 

lemon­
yellow 

' .. \, _ .... 

ShontWave i Long:Wave 

weak.red 

bright red 

red 

dull red 
pale red 

violet 

yellow-
orange 

rose-
orange 

orange 

b.right 
orange 

yellow-
orange 

yellow 

bright red 
pink to 
deep red 

purple-red 

pale red 
bright 

orange 

. purple to 
none 

same 

bright 
orange 

pale yellow 
- none 

pal~ ,orange 

none 

pale yellow-
orange 

pale bright 

buff 
dull yello 

bright 
lem. yel. 

gold to 
lemon yel. 

yellow 

pale 
yellow 



GREEN FLUOREScENCE .,: .: 

j Daylight 
Name tColor and Characteristics Arc. 

Willemi te 

Fluori te 

Apati te 

, 

massive, resinous, color­
less, red, green, black 

gray to purple, compact 
granular 

crystals-prisms, trans­
l\}cent blue 

Levco phoeni9-:-Qrowry-purplish red, 
i te iso,lated grains or 

,m~ssive granular 

blue 

! ,. BLUE FLUORESCENCE 

Hydrozincite 

Hedyphane 

Dlopside 
'-ri- , 

Anorthite 

Tremolite 

Thomsonite 

Nasonite -

vyh:i,te powdery alteration; 
,f:i,lms, crusts 

smp..1-ol brill iant white to 
bU,ff, xl s. Not confirmed'. 

colprless to gray, basal 
parting, twinned 

gray tabular crystals in 
pegmatite 

gray or white xIs in Is., 
some fibers 

var. calcio thomsonite, 
radial aggregates of 
fine! needles 

white, rectangular blocks 
S]reasy luster 

; I, " 

grayish 
blue 

\Short Wave 

1 
I 

!bright 
i'!(~yer. gr. 
!blue-\ 
! green 

? . :"~ ,:~;-.' ~ r'o : • 

:pale 
; green', 
i yellow­
I green 

!blue to 
I blue who 
I 
I 

I creamy 
tbFle 
j palie blue 
! 
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Long Wave 

I ' 
;duller 

.1 ,green 
" iblue-

/.- ~d'~h:ne 

dull 
green 

faint 
white 

; pale- green,- -
ish' blUe 

inone pale blue 

j ,,: ... 

Margarosanite wDit~~ rhombic cleav., 
Golorless, lamella masses 

white, Franklin Is. 

pale vioi~t 
-blue 

'blue (not' 
confirm. ) 

pale violet 
blUe 

bright blue CaJc;i te, 

Smithsonite 

Barite 

Amazonstone 
Aragonite 
Pectoli te 

I 
WHITE-CREAM FLUORESCENCE 

; 

wl'\it;e crusts and coatings: ·1 ... ' 

~wh'i t~, transparent, cOlo;'.::I:~ i, 
l,e,s.s;, plates 

: ,gree.n microcline 
whit,e; fi Ims and crusts -, ' 
gray-white tocDlorless,~~11ow 

massive 

." yellowish 

pale blu­
ish cream 

blue-white 
, white 
cha:l'ky. 
orange 

cream 
pale 
blue 

white' 
white 

...... ~ .... 
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VALIDATED FRANKLIN-CGDENSEURG MINERAL SPECIES'-

As of February 1961, some 17~ species (exclusive of varieties) of 
F,,}O minerals have been validated by Professor C. Frondel.Others are 'beIng 
investigated. The order of 1 isting follows Dana, except for the silicate.s. 

Species fc:iund only at Franklin or Sterlin.~ are mar,ked with an as"" 
teri sk. 

native elements 

1113 
1114 
1115 
1211 
1242 

Sil ver 
Copper 
Lead 
'Arsenic 
Graphite 

sulfides 

2321 Chalcocite 
243 Bornite 
2611 Galena 
2621 Sphalerite 
2631 Chalcopyrite 
2642 Greenockite 
2651 Pyrrhotite 
2653 Niccol ite 
2655 Mi 11erite 
26.10 Realgar 
2911 Pyrite 
2922 Gersdorffite 
2931 Loellingite 
2933 Rammelsbergite 
2934 Pararammelsber9ite 
294 Marcasite 
2951 Arsenopyrite 
2961 Molybdenite 
2.10.11 Skutterudite 

3242 Tennantite 

oxides' 

411 Cuprite 
413 Water 
4213 Ma0ganosite 
4221 *ZihCi te 
4411 Corundum 
4412 Hematite 
4413 Ilmenite 
4511 Rutile 
4514 Todorokite 
453 Brookite 

hydroxides 

6111 Brucite 
6112 Pyrochroite 
613 Manganite 

multiple oxides 

7122 Goethite 

borates 

26.1.1 
,26.1.5.1 
26.1.6 
27.1. 2 

sulfates 

Fluoborite 
*Sussexi te 
*Roweite 
*Cahnite 

7211 Spinel 28.3.1.1 Barite 
7213 Gahnite 28.3.1~2 Celestite 
7216 Magnetite 28.3.1.3 Anglesite 
721T*.Franklinite 28.3.2 Anhydrite 
7221 Hausmannite 29.6.3 Gypsum 
7222 *Hetaerolite 29~_1 - Hexahydrite---
7223 ,- Hydrohetae-ron-te---'31.1. 3 *fv1oorei te 
761 *Chalcophanite 31.1.4 *Torreyite 

unlisted oxides 

Birnessite 
Hydrohausmannite 
Woodruffite 

halides 

9.2.1 Fluorite 

carbonates 

14.1.1.1 
14.1.1.3 
14.1.1.4 
14.1.1.6 
14.1.3.1 
14.1.3.4 
14.2~hl 
14.2.1.3 
16.1.1 
16.1.3 
16.1.4 
16.1.6 
16.1.11 

Ca1cite 
Sideri te 
Rhodochrosite 
Smi thsoni te 
Aragonite 
Cerussite 
Dolomite 
Kutnahorite 

*Loseyite 
Hydrozincite 
Aurichalcite 
Malachite 
Azuri te 

31.3.2 Ettringite 

phosphates, arsenates 

38.2.1.2 Manganber~ 
:zeliite 

40.2.4.2. Brandtite 
40.2.15.2 Erythrite 
41.1.2 *Holdenite 
41.1.4.1 *Chlorophoen-

icite 
41.1.4.2 *Mg. Chloro-

phoenici te 
41.2.4 Allactite 
41.5.2.1 Descloizite 
41.6.3.3 Sarkinite 
41.7.7.1 Fluoapatite 
41.7.3.1,Svabite 
41.7.3.2 Hedyphane ., . 



E-15 

Quartz Glauchochroi te Prehnite 
Forsterite 

Orthoclase Hortonolite Norbergite 
Hyalophane Tephroite Chondrodite 
Microcline 
Anorthoclase *Larsenite *Leucophoenicite 
Albite *"Calcium Larsenite" 
Anorthite Kentrolite 

Hemimorphite 
Willemite *Clinohedrite 

Diopside 
Hedenbergite Tourmaline 

* J effersonite 
J ohannseni te Friedeli te 
Schefferite Manganpyrosmalite 
Augite *S challeri te Xonotl ite 

Ganophyllite 
*McGoverni te Apophyllite 

Heulandite 
Rhodonite Scapol ite Stilbite 
Bustamite Chabazite 
Wollastonite Natrol ite 
Pectolite Thomsonite 

*Hardystonite 

Anthophyllite Idocrase 
Cummingtonite Muscovite 
Tremolite Bioti te 
Edenite Manganophyll i te 
Riebeckite Zircon Phlogopite 
Hastingsi te Thori te 

Cuspidine Sillimanite 
Kyanite Stilpnomelane 

Barysilite 
Nasonite 
Margarosanite 
Baryli te Datolite Antigorite 

*Roeblingi te Bementite 
Chrysotile 

Zoisite 
Grossularite Epidote Zimalsite 
Almandite Allani te 
Spessartite *Hancockite *Hodgkinsonite 
Andradite *Gageite 

Axinite 
Sphene 

Yeatmanite 





Block diagram illustrating the general relations of the ore deposits at Franklin, the geography of the surface, and 
the contacts in the vicinity of the ore 

From: Internut. Geol. Coneress XVI, Guidebook 8, p.7 
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