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located in basin areas undedain by thick accumulations 
of Te)·tinry rocks and vnlle liIl. The can be inter
preted in terms of the thi ckness of the Jow-density 
rocks and the configu ration of the basins in which 
they occur. The loca l anomalies associated with den
sity contra sts within the pre-Tert.iary rocks are gen
erally of sma ll er amplitude, bllt s ignifican t loca l 
anomalies associated \\'ith beelI'ock features have been 
ouservecl. ' 

A. knowledge of the broad regional variations in 
ROllguer anomaly vallles is of g reat use in the study 
of the large-scale variations in the thickness and com
positi on of the crnst. It is also helpful in isolating 
the local g ravity anomalies superimposed on the re
gion:!1 v:!riations. In the Rasin and Rnnge province 
,the preparation of a contour map to illustrate the re
gional gravity anomalies is com plicated by numerous 
loca l anomalies of large amplitude. The anomaly 
value for an iIHlividual gravity stat ion may not be 
even approximately representative of the anomaly 
values ovel' nn area of even a. few square miles, parti cu
larly if thc station is nea l' t.he marg in of a basin under
lain by sevcral thousand feet of low density Cenozoi c 
rocks. To prepare an anomaly map t.hat ",ill show the 
reg ional gravity anomalies some met hod of averaging 
values or selecti ng stations must be used . The map in 
fi g-m e 1:10.1 \\'as prepared by contouring the anomaly 
,'a lnes fo'!' representa tive stat ions located in the ranges. 

the reg-ionn I Houg-uer a noma Iy I'ltlues range from 
'about -GO milligals to -240 milligals, and show an 
inverse correlation with the regional topogra phy. The 
hi g hest anomaly values are at the southwest edge of 
the map. Here the anomaly valnes rise abruptly 
where the regional elevation decreases toward the Pa,
cific Ocean. Over the western Mojave Desert, where 
the sUI·face reli ef is small, t,he regional gravity relief 
is small. North of the western Mojave Desert the 

anomaly values decrease as the surface rises to a high 
-oveT t.he S ien a Nevada and W'hite Mountains. --Rel
atively high allomaly values occur 111 opographically 
low areas around D eath Valley and the Colorado 
River. Northward from these areas the general level 
of the surface rises and the anomaly values decrease. 
In east-central Nevada. t.he surface is higher, and the 
Rouguer anomaly values are lower than in any ot.her 
part. of the State. 

Along the west-central border of Nevada the anom
aly values decrease as the surface ri ses toward the 
S ierra Nevada. In northwestern Nevada the main 
gravity featme is a high, which is in the topographic 
low con taining the S moke Creek and Black Rock 
])eserts, Desert. Valley, the lower Humboldt River 
valley, and the Carson Sink. Northwest of this area 
the anomaly va.lues decrease over a topographic high
lanel. A strip in which g ravity is low and the surface 
is high extends northward from the Ely area to t.he 
Idaho-Nevada State line. East of this low trend there 
is a gl'av ity high in the Lake Bonneville basi n. East 
of th e Lake Ronneville basin the anomaly values are 
lowet' over the " Tasa tch Range. 

The correlat.ion between low Bonguer anomaly values 
HlICrhigh regional topography clea rly shows that there 
is va ' relative mass deficiency under the regional high
lands. Although the gravit.y data do not. indicate the 
nature of t.he mass defi ciency, which can occur any
where within the crust or ill t.he upper mantle, the cor
relatioll with topography suggests that some form of 
regional isostatic compensa.tion ex ists. 
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131. MESOZOIC AGE OF ROOF PENDANTS IN WEST-CENTRAL NEVADA 

By ,TAMES G. MOORl':, ·Men lo Park, Calif. 

Work dOllc j.1I coopcration willi tli c Nevada III/rca l/ ot .1fill es 

In an area of roughly 3,000 squflre miles in the western 
Great. Basin, lying mainly in Lyon, Douglas, and 
Ormsby Counti es, Nev. (fig. 131.1), about 430 squ:~re 
mi les are underlaill by Cretaceous (?) illtrusive rockf;, 

largely granitic, related to t.he S ierra Nevada ba tholith, 
amI abollt. 180 squa re miles by partly metamorphosed 
rocks older than the batholith. The metamorphic rocks 
occur in irregular roof pendants and septa, which have 
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- beenaeformed illtnrdecl lrnd---,'ecrystallized by the
granitic rocks. The rest of the area is underlain by 
Cellozoic vol canic and sedimentary deposits. The area 
is considered to be within the borders of t he batholith, 
because g rMlitic rocks are more than twice as abundant 
as t.he older rocks. 

In the pl'ebat.holithie sequence, metavolcani c rocks 
are somel\'hrit 1110re abundant than metasedimentary 
rocks, ,,:h i('h were t hemsel ves la rgely cleri ved from vol
ea.nie dctrit.ns. The l1Ieht.Volcanie roc ks are dominantly 
Ineta,-andesite allci Incta-da('ite, mostly in the form of 

.volcanie LH'cC(~ ia, hilt, al so illcillde milch metabasalt and 
l1lehlrhyolit.c. ThH nletavolcani e rocks arH int crbc(ltl ec1 
wit,h marille sedimcntary rocks aIHI at'e at, least in part 
of submarine origin. The rarity of pillow lava, how
ever, and the association of volcanic rocks wit.h gypsllm 
deposits, sllggest. that part of the volcani c rock was 
formed ill a, te rrcstrial 01' near-shore environment .. 

The metasedimentary rocks originally consisted 

m.ainly- of shale, siltstoHe (commoilly tutl'll,G~olls),-ancl 
limestone, lit. t. lese are IIlter ee (e ----""'if-It sanc"'s"""o."n"'ec-,- - - - - 
graywacke, dolomite, gypsllm, and small aI1l01111ts of 
ehert. Int'erealatecl wit.1t I'Iw 111 , al so, are conglomerate 
aml sedirnentary breccia that may ha ve origina.ted as 
Sll bmari ne mild flows. 

In general the metasedimentary rocks underlie the 
meta,voleanic rocks, Thi s is so in t.he area, north of 
Carson Cit.y, in the S weetl\'at.e r Hange, and in the Vir
ginia. City quadrangle, which lies just north of the tri
('ount,)' area (Thompson, H)!)(), p, 48). But. at. Yerillgton 
th e metasedimentary rocks mostly overlie the metavol
('allie rocks (Kllopf, HlIH, p. 1:3), and ill all areas much 
of the sedimentary rock cOlltains volcallie material. III 
many places, however, the st ratigra phy anel st.ructure of 
these ro<: ks are not well Illlclerstood and the rela tions of 
the sedimelltary and vol cani c units are uncertain. 

Foss il s have been eolleded hom the metasedimentary 
rocks at 1,\ localities in th e tl'i-county area, (table 1:31.1 

TARI,E 1:1 1.1.- Mesozoic fos s ils from Lyon, DOllylas, anti Ormsby CO l/.nties and adjacent areas 

No, 
on fig. T\loun tain rallge 
131. 1 

Localit.y 

In Pine N u t. . _ _ _ Eldorado Canyon , ~ lIliles sOllth-
cast o f D ay ton, BOtt.OIll of 
ca n yo n on eas t s id e of crcek, 
scc, ti, T. 15 ~., It. 22 E. 

Foss ils 

Jllonolis s llbd rclltaris 
Gab b . 

Age 

Latc Triass ie (late 
Norian ), 

III _____ d o ____ _ .. ____ do _________________ _____ _ _ Arit'l,iti d aIllIllonites __ _ Early JllI'ass ic , [Jrob-

ably S inc lllllriun 
(late early Early 
Jllrass ic). 

RckrL'l1cc 

Gianclla, 19:36, p . ~7, 
Id cntifi cd b y S, W, 
Mlilier. 

This re port. J den tifi ed 
b y N. J . S ilbe rling . 

2 _____ d o _ . __ .. Bl'llns\\' iek s it.e, Hid J.(e Cll'st S ph crica l and c rl'sel'n- If these arc not inor- Do. 

d" 

-I _____ do __ ._ 

[j OO f('('1. WI'S I. of ilrid J.( ' al'l'W;s Ii" ('avili('s SII J.(J.(('sl. J.(,ulic !.IIl 'y indi cal,c a 
Ca rso ll Hi l'(' r aJ.si l(' "f 1\J'l IlI S- II" , J.(lolio.·,,' allllllO- LaIn Triass i" a J.(" , 
wick. T wo Illill's ('as l, of Nt'\\' 
I': llipil'( !, 

Nall d Ca ll yo ll, a sO IlLlII'rli J.riilll 
La ry of Hrlui s wick Call yo ll . 
Wes t s ide of road a L t.he 
bo ullda ry bd,\\'(' c' ll sec::; . 19 
and :W, T, 15 N., ll. 21 E. 

NO lllh o f Pine N ll t. C rC'(' k ill sec. 
15, T . 12 N., It 2 1 10.:, 

Jl1l1l1l1lis s it/wircit/aris 
C:ailiJ, 

Sp iri/pr i/l (L __ ___ _ 

I,a t" I ,aLI! Triassic 
(middle or late 
No rian). 

t ~a rl y 1\1 l'sowic, prob
a bly Lat e Triassic, 

5 ___ __ do ___ ___ op lIt.llII' l's t of rid!!:,! c n 'st H mile l\Ionolis s lIiJcin:lllaris Lat.e Lat.e Triass ic 
(Illiddle 01' late 
Nor iall ) . 

\\ ' ('~t of Aipilll' l\ lill 011 P ill e 
N ll t Crt 'e l;: N I ';;~N E)~ Sl'C . :15, 
T, 12 N., H. 2 1 E , 

Gabb. 
J-I ela./'{/ siridilllll s p . 
Placiles sp , 
Rhabdocl'I'as s p. 
S antilin(Ji/es'? s p . 
lla/oriles? s p, 
C ho ri s tocC' ra t id , 

J)O . 

Co llected a lld id t' lltifi ed 
by I<:. It La rso ll , 
writ t.e ll commllilica
t io ll , 1958. 

This rep or t. I den t ifi ed 
by N , .T . S ilbe rlill g . 
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T ABLE 131. I .- M esozoic fo ssils from Lyon, DOllylas, a:lul Ormsliy COllnl-ies and adjacent areas- Continued 

No. 
on fig- . r ... lountain range 
131. I 

Locality J·'ossils Age Referencc 

- - ------ _ ·_·_------ - --- - 1--- -------------------.--+------------

6 ____ _ do ____ __ One and one-half miles west of 

7 

8a 

Albine IVlill on Pine Nut Creek 
NW}~NW}~ sec. 35, T. 12 N ., 
n.. 21 E. 

Buckskin _ _ _ _ Northeast part of Buckskin 
Range, nellr intersection of 
Churchill Canyon and road 
from Lin qoln Flat: NWHNE}~ 
sec . 12, T . 14 N. , R. 23 E. 

Sin ga tse _ _ _ _ _ Yerington district ; on the south 
side of road near Malachite 
mine. Ncar S E}~SE}~ l5ec. 
~31, T. 13 N. , R 25 E. 

Pinna sp _ _ _ _ _ _ _ _ _ _ _ _ _ The la rge pelecypods 
Indetermin a te pecte- with concentric rib-

noid . bing indi cate a 
Inde terminate gastro- Mesozoic age. 

pods . 
Fragments of large 

conccn trically ribbed 
pclccypod. 

"Pecten" atf. "P." 
valoniensis . 

Pleria sp. 
N uculid ? pelecypods. 

Early Mesozoic __ __ __ _ 

Daonel/ ct sp ____ __ __ ___ Triassic __ ____ _____ __ _ 

Halabia. 

This report . Iden tified 
by N . J. SilberIing. 

Do. 

Knopf, 1918, p . 13. 
Identified by T . W. 
Stanton. 

8b _____ do ___ ___ ___ _ do ____ ____ _______________ _ Halobia sp ____________ Late Triassic ____ ______ This report. Identified 
by N . J . Silberling. 

9 ____ _ do ____ __ Ludwig minc __ _____ _____ ____ __ Not l5 pccificd __ _______ _ Trial5sic ___ _________ __ Jones, 1912, p. 400. 

10 Churchill 
Butte. 

Northeast side of butte in SE}~ 
sec . 3, T . 17 N. , R . 24 E. 

11 r·ieliles _ _ _ _ _ _ _ _ _ _ _ _ _ _ Early J m ass ic _ _ _ _ _ _ _ _ _ Collected and identified 
by V. P . Gianella, 
written com muni ca
tion, 1958. 

1 I Sweetwater _ _ Lobdel Lake district_ _ _ _ _ _ _ _ _ _ _ Ammonite eit her a 
Ca loceras? or a 
Amioceras? 

_____ do _____ _______ ___ Halsey, ' 1953, p . 28. 
Ident ificd by S. W. 
Muller. 

12 Sierra 
Ne vada. 

Beach pebble at northern end of 
Lakc Tahoe. 

Ammonoid cephalopod_ IVlesozoic _ _ _ _ _ _ _ _ _ _ _ _ _ Larson Ilnd Gianella, 
1951 . 

13 Virginia No rth-ce ntral sec . 23, T. 18 N., 
R. 23 E. Churchill Butte 
15-minute quadran gle. 

Arie titid ammonitc ____ Early Jurassic _________ Collected by V. P . 
Range. Gianelln, n,nd D.L 

Axelrod, 1959. Iden
tified by N. J. 
Silberling. 

1 lI alsey, J . H ., 1953, Oeology of parI s of Ihe Brlclgeport, Cali!. , lind I\'ellington, Nev., quadrangles. Univ·ers ity of California Ph . D. thesis, 408 pages. Halsey also men 
ti ons (p . 27) that poorly preserved ammonit.es and IIn/ob;a prohahly of Triassic age have hec n coHecten " in Lhe hills surrounding Topaz Lake and in Risue Canyon." Doth 
localities are a ll the west si de of the Sweetwater HanJ,!c. 

a lld fi g. 131.1). During the course of recent recoll
n:~issance mapping, 5 ne\\' fossil localit.ies \\'ere found, 
:tI1d enlarged collections were Illade from 2 previously 
known loca.liti es. In addition, thi s note lists the fos
sils ill 4 collections by others of which no descript.iolls 
had previously been published. All 1:1 collections COIl

s ist of Mesozoic fossils; in 5 of them, the foss il s are 
Triass ic (mostly Late Triassic) ·and ill 3 they are Early 
.T urassic. No Pa leozoic l"Ocks ha ve been recognized in 
t.he mapped area, t.hough t he extensive faulting and 

folding of th e preba t.holithi c rocks should have caused 
them to be exposed if they were present. 
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]32. IDENTIFICATION OF THE DUNDERBERG SHALE OF LATE CAMBRIAN AGE IN THE EASTERN GREAT BASIN 

By ALLISON R. PALMEH, ,Vashington, D.C. 

Previous to 1958 the Dunderberg shale, or a sup
posedly equivalent unit, had been identified at many 
places in the eastel'l1 half of the Great Basin " 'here it 
had been regarded as an important regional strati
gl'aphic mal'ker (Palmer, I(56). Bentley (lD58) has 
desc ribed what. he call ed the " Dunderberg shale" as 
occl1J'ring at many loca lities in westel'll Utah, and has 
shown that. it is a shaly west.ward extension of the 
'YOI'Ill Cl'eek quaJ'tzi te mem bel' of the St. Charles forma
tion of the northel'l1 ,Yasatch Range. He has also 
shown that. the trilobite fauna of the "Dunderberg 
shale" in ,,'este m rtah is entil'ely that of the E1IJi1I'i(f 
zone. It has now been established, however, by detailed 
examination of the Dunderberg shale at its type locality 
in the Eureka district, Nevada, that t.rilobites of the 
Elvinia. zone are confined to limes tones in the npper 
ric) feet of Ihe formation. The lowpl' ~()O feet , whi ch 
includes most of the shale in the formation, contains 
abundant I'epl'esentatives of the Dllllde'l'be'l'gia zone 
(P:dlller, If)()D). Bentl ey 's " Dllnderberg shale," there
fore, is youngeI' than allllost all of the Dunderberg shale 
at. its type loeality. 

In the Ellreka dis trict the contact of the Dunderberg 
shale "ith the IInderlying Halllburg dololl1it,e is a zone 
of shearing (Nolall, Merriam, and ,Villiallls, 1D5fi, p. 
18), but. ulltil I'ecently only a few feet of beds was be
lieyed to be mi ss ing. New e,·idence now indir:ates that 
as much as ~(JO to ;)()O feet of the 10"'e l' pal't of the Dun
clel'hel'g shal e may be faulted out at Bureka. An essen
tially ullfaulted exposure of DunderIJel'g shale, (jO() f eet 
thick, ha s no\\' beell I'ecognized neal' (,herl'Y Creek, 
alJOut (it, llIilcs Ilorth east of Eureka. In this sed ion the 
uppe l' ;l:')() fect of bed s conlaill s tl'ilobit·cs of both, the 
/~' II ·illi(/. alld /J//w/Pl'iJf'I'qill ~o lles, silllilar to those found 
at Ellreka. The 10lrel' ::!;,I) fpct cOlllains ditfcrellt tl'ilo
bites, belollgillg to the .-lph elllspis zone. B elow these 
beel s, and above allothel' shaly linit containing 
Eldol'ad-il(, Illere is about 1 ,()()() feet of thick-bedded 
limestone " 'hich has 1I0t been nallled. As Hldol'll(lill. 
is fount! in the uppel' beds of the Secret Canyon shale, 
Irhich li es just belleal" the Halllburg dolomite at 

Eureka., the unnamed I imestone near Cherry Creek 
should probably be correlated with the Hamburg dolo
mite. The estima.ted thickness of 1,000 feet for the 
Hamburg dolomite (Nolan, Merriam, and ,Villiams, 
1D:i6, p. 17) is approximately the same as that. of the 
unnamed limestone unit, and t.he thickness of the D'wn
del've1·gia. zone is also about the same in the two areas. 
There is t.hus no indication of sigllificant stratigraphic 
thinning' bet.ween CherTY Creek and Emeka and it 
seems I ikely that the absence of the lower part. of the 
Dunderberg at Eureka is due to faulting. 

The Hicks formation, exposed in the Deep Creek 
Rang~ about 55 miles east of Cherry Creek, cOllsists of 
units of interbedded shale and thin-bedded limestone 
alternating with units of medium- to thick-bedded dolo
mite (fig. liEU). A ;)()-foot unit. of intel'bedded lime
stone and sha.le at. the top of the formation contains 
trilobites of the Elvin.ia zone. This unit was identified 
by Bentley as the "Dunderberg shale" and separated 
from the underlying Hicks format.ion. A shaly unit 
in the middle of the Hicks formation, separated from 
Bent.ley 's "Dllllderberg shale" by 120 feet of dolomite, 
conta illS tJ'i lobi tes of the D'Wl.de1'be·l'gia zone in its upper 
part and trilobites of the A7JheZaspis zone in its lower 
part. This unit. corl'elat.es with the lower pal't of the 
DUllderberg shale as exposed near Cherry Creek. 
Therefore, the unit that has been called the "Duncler
berg shale" by Bentley and by those who have studied 
it atll1allY localities in westel'll Utah is not equivalent 
to the whole of t.he Dunderberg shale exposed near 
Eureka and Cherry Creek, Nev. 

The st ratigraphic evidence presented above indicates 
that. the name "DundeJ'berg shale" should no longer 
be used for a thin unit. of interbedded limestones and 
shal es oeC'lll'ring in western Utah and containing 
/~'1l'i'lli{(. zone trilobites. This unit is better named 
the Corset. S pring shale. Bentley has pointed out cor
rectl y that the Corset Spring shale, which occurs in 
the S nake Range just west of the Nevada-Utah line, 
is equiva lent to his "Dunderberg sha Ie" (Bentley, 1D58, 
p. 21). 


