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T"'(!TO ~ C I\NALYSIS OF BAWTH0RNE & TONOPA.H U,\B"RA.NGLr.'S, NEVA.DA 

Based on:Structural GeolorryOfthe Hawthorne & Tononah Q;uad-rangles,Nev. 
R.G.Ferguson & S. emon W.MUller.USGS PP 216,1949. 

For st rqti~ra~h sectio,see MJ Pkate 1. Tertiary formations omitted~t~e~ 
overlie and lar~ely conceal older roc k s and structures. Oldest Tertiary 
are lavqs of various types with minor IB seds.Miocene.These overlain 

·unc0~formably by Esmeralda,late Mio-early Plio:feesh-water and subaer­
ial seds. IB with rhy flows,tuff.Block fltg preceded dep.of' Esmeralda, 
l qt t er, in Dart at least deposited in basins resulting fron the fltg. 
Tn laces thick rhy lies conf"rmably on Esmeralda;rhy stocks cut and 
1i stort the beds. 

Mnconf0rmably on these is thick series andesite,andes.agglom.,Plio. 
Qtz latite f10ws overlies Esmeralda unconf6~f0rmqbly in Toyabe and nearb~ 
rqnges. An erOSion surface pr ~ se-rvp.d on crests of .,.,resent ranges trun­
cates the tilted,faulY'pd andesite and qtz latite.Basalt flows above gra­
vels,Pleistocene ,are later than this erosion surface. 

Tect0nic History: 

Older Paleozotc. 

Cqmb~iab, Ordovician,Devonian a~"ear all confo~able. Laid down w~thin 
Cordi ' eran geosyncline,Derhaos somewhat mVof ts center line. 

T.B.Nolan:The Basin & Range Prov nce in Utah,Nevada,California.USGS PP 
197-D,lg43: p.146-7. Great Basin art of Cord.geoswncline.Geosynclina1 
seas extended far N of Great Basin orovince.Latter defined by boundaries: 
on West,Sier a Nevada;on E,western borders of Wasatch range & Color adO 
Plateau.On N arbitrary line, Susanville to McDermitt,thence E along 
N b0undaries of Nevada and Utah to Wasatch Range.SE,Colorado River;SW, 
San Andreas rift. Sed white print,Tectonl c Mao of' W N.A. 

JJebata.ble whether ~eosynclinal seas extended to SW • Few OCs of Paleo 
seds in Mojave and Colotado deserts,SE Calif. But trends in thickness N 
of here,and lithology of beds Just N of Mojavae desert indicate$l geosyn­
c ' inf" m'-lst ave extended S alon~ its nrojected axiS, Abseanee of Paleo 
seds in this S region due to e~ther intense deformation or to erosion 
f01lowinr- diff'erentiRl move ""l1ent along Garlock fIt. ;ooss"'ble uolift along 
this fln.also.Cambrian, Ordovician very thick, may exceed 23000';but Si­
lurian, evonian seas extended Deyon~ boundaries of' GB,so have much thin­
ner sections.600u'. At end of ~evonian geosyncline split by geanticline 
in W Nevada,hence Miss.,Penn.seds known only in central E parts of GB. 
Gentic .inf" eroded by Permian:Eermian strqta in m0st parts exce~t S GB, 
where ano her geanticline whic oersisted into ttesozoic,began to rise 
coincidentRlly with disaonearence of older one. 

0 11 my F is . I . 
Nolan's W Nevada geanticline is shown on my version,Plate ~ (axis),~ 

It is descr bed in PP 216 under 
V 

Pre-Permian Folding. (My Fig.l}. 

T.B.Nolan: A late Paleozoic ~ositive Area in Nevada.Am.Jn1.Sci.5th.ser. 
16,1928,153-161. If ••• eleva.tion along the geanticline was accomolished by 
f'oldin~ or waDping on so broad a scale that the angular discordance be­
neath the over1anuing Permian is scarecly discernable.In view of the 
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My Fig.l shows relation of ~re-Permian folding to Nolan's geanticl1ne. 
Candelaria-Miller Mt .area,fo1ds s.wing around westward bulge 1n u~11ft, 
a~d are 0verturned down-slope,as usual. In Yoyaba Range ,Sec.B-Bf may renr­
sent aut0n0"1101.lS unlift , "Oerhans along center line of E~rdley ~ss-Penn. 
geanticline;or nart of major fold overturned to E,on E slope of Nolam gea ­
nticl1ne . 

• 



, '. 

thickn~s~ ')T' b~ds t'IJ.at were '"01!1bably removed,this i:7JXJSli:XlIX iIl1111ies that a 
fa~ rly w de area was involved. ~~catl¥" howe~er, the elevation was ac­
C0m ·a.nied by more intense foldin1t.,ol§"vrnl1'the andelaria-Miller Mountain 
a r ea". My Fig.l. ,.., 

.. 

~P 216: W ryart of Candelaria Hills,steen foldsin Ordovician trend NE; 
~n ~art overtnnned to NW:these overlain by Permian & Lower Trias,strike W 
di~ ~ently N. See my Fig.2,for folds in overlying Excelsior on this S 
r1m I")f LuninO' E'IflbAyrnent. Angl J_lar unconformity between Ordovician & Per­
"TIian n Monte Cri sto Ran gE and Toyabe Range. (My Fi g.l). Here general 
str11ctural trends of Pre- ermian and Permian about. ,!,apaiiil;this means 
')re-Permian~ unlift, truncation,laying down of Permian volcs.and seds., 
renewed,ml")re ~entle u"lift alltng same lines. Tn S nart of area l.l"Olift 
rel'flained "nore "')')sitive,less s~, nkin ~ below sea-level, for Permian is thin, 
miss·,nl2' in T) lqces~ greatest th _ckness not over 400 ft.,and consists of 100 
ft.cgl.,coarse grit, ss •. ,sub-aerial. In NE,Toyaba Range Permian 60UO',upp­
er 4000 t domiantly volca-hic. Series here grades upward from basal ss., 
grit as in S,thru chert,bedded tuff,to greenstone,breccia. Unlift again 
toward Trias.,for upper part has grit also.Thus,V1\Ilcanism connected w th 
u li~t. See on osite page,INSERT. 

Post-Permian Deformation 
Pre-Lower Triassic 

P0st-Permian, pre-Triassic uplift conf~rmed by fact that Lower Trias. 
Candelaria exists only in Candelaria Hills,where it rests 011 Permian with 
8rosional unconformity: Permian uplifted without foldin~eroded,subsided, 
andelaria sh.ss c ~lg.laid down. Permian, thin at best here in S,eroded 

d' J_ r ing eD0ch '?1p ntioned, Candelaria in places rests d.irec t l y on J r- 0vl-
n "In folds descr~ bed above. Even if Permian had been 0riginally thick in 
S,its almost comnlete eroSion shows unlift,pre~L0wer Tri ass ic. 

Po st-Lo er lriassic Def0rmatlon 
Pre- !fidd l e Triassic. 

'GI") eT' TrTas.Cqndelaria mi'3sinp' tn Shoshone Mts.(se e my Fig.2):only 
8nO' Mi ddl e Trias.(~rantsvjlle):this rests with angular uncl")nformity on 
Perm~an volc qni cs. U"ltft at close of Lower Trias. 

~ ~ 
Pre-U')"er Triassic Folding (My Fig.2). 

T~ E Garfield Hills (Sec.F,my Fig.2) and in Pilot Mts.(Sec.H, my 
Fig.2) Middle Trias.Excelsi0r is strongly folded and overturned to the N. 
Probably on N flank of uDlift mentioed above,recurrent. Above the EXcel­
si0r in this area the UUlJer Trias.Luning is thrust to the S. 

My Fi ~ . 2 shows distribution of EXcelSior and folding in it.Folds are 
~arallel to the eastward trend of the uulift,are sharp and overturned as 
l ~sual, down-slone. Since the U oer Triassic Luning overlies the Middle 
Triassic 'Excelsil)r (1.n the few "')laces where denos tional contacts of the 
2 are seen) wlth marked an~lar unconformity, the Excelsior folding prece­
deed depl")sition 0f the Lubing.Wh~ch means that erosion suceeded folding; 
w''' ich in t '1 rns means that the unlift on the S was h lgher at the time of' 
the Exce 1 sif')r folding than at the time of denosition of the Luning,although 
even at that tlme the u~ltft was land, bounding the Luning embayment on 
the south. See below. 
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T1us the S border of the Embayment coincided vi th the N slope of an 
E- W T'1lift (my Fi!';.2) whic came into being immediately after denosi tion 

f W~ddle Triassic Excelsior,largely tuffs,flows,breccias, Cambrian ex-
r) sed a1.on r S b0rder,Fig .12 ma ::-,ks core of this '.mllft,as it did that of 
the pre-PemBian uolift,as shown by t~e overtu rned folds that tend t ryar­
allel it,ovpr which t h e Triassic seds.lie unconformably. Probably the E- W 
t r end of the Cambrian- (Fir;·. ?,) is due to the E-W post-Excelsior uplift sup­
e rimuosed on the 1U J pre- ermian uplift? 



Luning Embayment 

''Vas a local easterly bi r-ht in the margin of a broad lJpper Triassio 
_S seaway.Smargin in central & E parts of Hawth rne quad .nrended E-W,not 

far fr m ~rese t S mar in of Luning formation, Upper Trias.,the firsn for­
~ation deuosited in the trough. Here it is· bounded on S by olde~ rocks, 
Cambr·ian to Middle 'T'riassic. I have shoVln above (also in Figs.l,?)that 
t~ is area,and that E of the Embayment, were positive (1) in Miss.,Penn.j 
(2) in ~ st-Permian,and d ring; Permian in S (very thin there); (3) at this 
time,~0st-Middle Trias . Exoelsior:slumo folding down N slope. /#SE~~ 

Evideno~ for E-W southern m rgin of Embayment offered by abundmt ogle 
derived from xxt~xtB% Excelsior,in S Gardie!! Hills and Pilot Mts. Such 
cgls.oc~ur as much as 3000·ft.above base,while elsewhere there is little 
cgl.above the basal member. Means unlift was mobile, travelling N into 
embqyment~Ide 1 tri ~~er r sha{in conveyor to induoe slump folding. Cf. 
Spieker, C~ntral Utah. 

Warnin~ that _ave the Embayment determined -by preexisting structure, 
i . e. old T)ositive area on S and probably on E. Ferguson seems to recog­
nize oVert-lrned fold as a mark of a sloue, for he says p.8: If ••• the folds 
overturned northward in the EXoelsior for,flttion of the Pilot MOlmtains 
a nd Garfie~d HillS as onoosed to the thrust southward of the bearby Lu­
n'n~ formation,indioate that at least the easterly trend of the southern 
border of the Embayment was oontrolled by older structural trends. If 

1 ithin Embayme t were quietly, oonformably deposited 10,000 ft.of 
~~~ Uno pr Trias.Luning, Jura-Trias Gabbs ahd Sunrise.Luning 8000,ls., 
dtJI.,mo"'"' e c l.tonrard margins. tand surrounded its basin of denosition. 
""l.q:"The ooarse oono:lomerates in the lower part of the Luning formation' 
s ' l~rrest that there may have been locally oonsiderable topogranhic relief, 
Ir ep.;ularities in outline and inpqualities of pither erosional cr struo­
t ural ori~in in the floor may have influenoed the later struotures.The mass 
tJf the Excelsior formation in the southeastern Garfield Hills,between Mine. 
and Luning ,may have nersisted as an island throughout at least a part of 
t _e oeriod of LuninR deposition, There is no evtdenoe th~t the denosition­
a1. area of t he Sunr'se and Gabbs formations differed essentially fr0 11l that 
0f the Luninp; ." 

Jurassio Deformation. 

This 4s shtJwn ab ve- was s unerimposed on previously foleed rocks;it was 
bv far the m...,st intense in the Luning Embayment,where the Luning-Gabbs-
S nrise seds.may haVe been s till mushy. Sunrise is marine s ale,thin-bed­

hj ..?,4J)~';"/>ded Is .@Dunlau denosi ted in a broad bas in Whose S border overlatmed the ' S 
if) ~)'Ulj'(r1."mar r:t in f teL ninf! Embayment: meaning a recessft i on of unlift to the S, 
~~ed~ ~~ r a rej uvenat'on 0f the uu~ift that produoed the LuninR cgls.,with its 
~N E-W axis s mewhat S of the S mare in of the Luniqg deposition. Lower nart 

of Dunlap red cross-bedded ss and cgl. Typicalji mar ~inal trough alon~ 
jIJ s i de t)f u'!')lift,algnr- H.:xcglsior-Lunin~ contact. Sinkinp; goes with u lift, 
~s In cen"l~"" al Utah,:!?enver J3asin etc. Outside ' of this l ocal s harD basin 
and N of' t e lP11ift t e sea-way was as usual, for in NW Gar field Hills & 
i n Gab s V llev Range Dunlau is conformable on Sunrise or shows moderate 
er0si0nal un'c')nft)rmi ty: Dunlap c p;ls have pebbles from Luning , Sunri se e 
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2. Local foldin~,thrusting;develooment of tro hs . C ange now from 
down-warping t r eal folding_ See my Fig.3. The very thick(12000 f ) resis­
tant Excelsior acted as a basement for the thinner youngeri strata.Fig.3 
attemnt s to sh w the contours 0f th s basement,uoon which the youn er strata 
Sl d,sllmped.def rmed. 

~~o main trou~hs,(l) WN Pil t Mts.,(2) N Garfield Hills (see my Fi .3 
and Fig~3A). tt Luninp-; - Excelsior contact. (1) is at margin of Lunin[1; Em­
bayment, but 2) b rders an inlyer of Excelsior -N of S border of E~bayment 

t (1 ),Pilot Mts.,unner 1500' of ~iap is cgl~,fanelom.derived from the 
Luning~same for U"1uer 1000' at (2), -arfie~d Hills trough. 

The Dunla'O de~osited during foldin of the Luning,which took place mainly 
d .wn the slooesof the ~ margiwof these troughs (My Fi gs.3,3A,4~. ) In 
t~e Garf ield Hills trough, while folding during Dunlap deposItion was re;La­
tlvely gentle,denression of the trough continued during folding.PP 216 u ec _ 
tion E-E',Plate 2, shows following:folding of Lunt~ing;down-slope from Ex­
celsior inlier; trauncation/r.( of earlier Luning folds;laying down of basal 
ls .cgl.of Dunlap;folding of the latter. 

Jqc (4,1,/ 
J4' Lj,d,f. 

J J 5 SJlI,te, ') I 

Fer~.lson is-confusing here,nrobably because a downwar1P of a bed is a 
f ld to him. The section would Seem to imply la Tin? down of the Luning; 
xxX~~+foldin~ of the beds down-slone from the Excelsior inlier;exnosure 
a ove the water of those folds h ghest UP the hill and their consequent 
truncation:layin? down of basal Dunlap ip revived basin,which was deenest 
next the u"11iftmand died out to N,where Luning not f lded in the early 

e riod and hence Dunlap laid down on it - conformably; folding of the whole 
w rks with shar~est folding next u'Ol1ft,on steenest nart of slo~e. UPlift 
revived sharoly to give thick local ss and grit of Jds. U lift continued 
~ r~ ng entire deposition of this thi~kness:no secular change,coarser to 
finer. BaS i n sinking as rapifdly as ~ shore rose, . . 

In the Uilot Mts.basin,thrusting from the north occurred.My Fig. 4A,4B,C 
shows earl.lest SUch thrusts, Mac & Spearmint. Cgl. ,fanglomerate of U"1ner 
Dunlat) deT')osi ted on surface in front of Mac thrust while upper nlate was 

mov'ng forwqrd. (Cf.Muddy Mts.) U~uer plate of Mac thrust moved into trough, 
which continued to downwarp-this buckling plus Accumulation of boulery cgl 
in f'rf')nt of '11ate tmneded further southward movement,Mac thrust bogged down 
1 n cgl. b'lt contin' ed "re~S11re from N forced new break :S"'Oearmint thrust 
(Fig.4~f')Verrode eroSion surface cut on ury'1er Mac nlatejthis bogged d0wn 
for same reasons (4D). Further presslre relieved by foldinp, of both thrusts 
and by de,l"1")ment of new thrusts from N(NW,4E';Dunlan Canyon etc. , 4F). 

Fig . 4 's an attem"1ted ex~ansion of Fer~.lson's Ulate 3,by includinp. the 
Gabbs va ley rep;ion to the north. Fig.4 was c~mstructed as follows: 

With Plate 3 as a basts: SSe end f Section held fixed in seace (Pt.G). 
Sect1 0n telesconed from NNW,and G 'Or ressively raised with reseect to a -ot . 
in SDace (or bottom of sectlon lowered>. Fig.4F shows present state.To go 
backv"ards to Stage A, the Gabbs Valley sec tion m11st be rai sed, for each sten, 
the am:mnt that G is lowered, s-1 nce G, in normal time seq '1ence, orogressi ve-
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ly rose wi th res~ect to the northe~n ~rea,hencA at the start the latter 
area was higher with res ect to G than at the end. 

In the same way,since there was marked shortening from the NNW toward 
G, the section n reverstm,g; the normal tinm sequence ,must be ::t re tched, 
In the S area Fergusons stretched his area 300~ (4 miles into l2).To the 
N it was aSAumed that stretching decreases N,so the suace between the two 
sect~ons was stretched lOO~,the N section itself only about 50~. 

ip-'.4 sUQ.'p'ests tome the following: Luning Embayment re ion of crnstal 
i stability. Gabbs Val ey Range on N, Pilot Mts.on S,jerkily rtsing. Area 
between,ne gative or neutral,at start.Cober is very thick:over 28,000', 
~e so nlus Dermian (?); rest of Paleozoic at Ie _st 10,000, probably much 

more. Folding would occur in such a thick cmver on a very sl i ght slone, 
altho' locally vhe thick,com~etent Excelsior might .act as a basement,Blovk 
fa lll ting in t he basemen t wOl.lld nevEI[' make it upward thrr;r such thick co­
ver, '.mtil the s "\ ft cover beds were wor~ h ,q r dened by cl09 e foldinrr.. 

""i th th@se nremlses, the f 01 .owing is c onc luded: Slope on north, d"\wn to 
S, over l~ ,or about same as with equally thick cover in Bannock area. 
Presence of a basin flqnked on N by a scarp shown by de ~ osition of Dun­
la~ c~arse fl astics.(Fig.4A). On S,marked fold at D coincides with posi­
tion of lfu.c thrust,and was T')r bably caused by thrust.This w0uld cause 
overt rn unslo e. The scarp at the N end likewise coinm des with posi­
t i on of N.Y.Canyon thrust;but since latter thrust,much flatter than Mac, 
was orobably a track thrust, the fold is probably a s lump fold which 
travelled alonp; the N. Y.:bhrust track. The sagging marginal ba sin on the 
extreme S accentuated the D fold,and truncated its S flank. 

Slum~;n~ of the cover down the S flan of the N ufulift turned over to 
the S marp-inal faults associated with that u~lift. Cover is so thick that 
the Mac fault,for example,Y)ro ,iected down to N at 35-400 ,would at 40,000' 
de-"'th come below the S margin of the N up lift. As shovn in Fig.4A,the 
H diY) of t e beds,away from the S uplift,would also serve to deflect a 
synthetic fault, t rning it ov er toward the S. GoodS") rings. The Mac& Spear­
mint thr'lsts, however,bogged down in the marginal basin and against the ri­
s i ng S hip'~land, whioe material continued to sl um'!) fown the slooe from 
t~e N hiQhl~~d. This blocking to the S caused the major buckling anticline 
in thFlcenter. 

The ent· re deformat on can p""r aT')S b e em lained by the sketch, ripnt­
hand s"de of Fip' • .d.F. A synthetic fault,or a series of them turnedover to 
the S ( )by flow of mater al SQuth,down slone of N uolift; t2 )by dE'lflec­
tion, rf") l lghly, a Ion"" contac t between comY)etent Racelsior basement below 
and soft cover above (Fig.4A),wanders in that man~at the hjpher hori­
zons, far S of its l) /lrent unlift and ',nters the reg ion of sag. The thick, 
strong Excelsior basement can transmit stress,so this series of faults 
can shove its u per plat~uD and to S.Thus the soft stuff apove the Ex­
cE'llsior '1iled UT') in a great imbricated mass against the sirsing front of 
the S Hi ghland (1) because it was shoved there,in frmnt of the major 
mass slum~ nq df")wn from the N Highland; (2) because the Mac series of over­
tlrned marP.' nal faults,which according to Ferguson have their "roots ••• 
cl')Ocealed under the lava and gravel ~n the arpa between the nOfthwestern 
~art ~f the Pilot Mo~ntains and the suthern ~art of ' the Gabbs alley 
Range" (P. 32) by their dian lacemen t,:tK block-fashion, as onnosed to slump 
or creep, translated imbricate slic e s of the Excelsior,with the soft cov­
er abrmt it., south int~ the marginal . t~ough.]ie c~vt'r /),,/ loy S/~mJ't"IJi;7; 
~e mC:1jlf);('/ 7rvv!A : 11 W~5 c~rr/t': ~!I IIJ S)Jrp.5/ Ill) ~ C' I)l'py,r je/f. 
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Ea ch success ve thrust adont~d the erosional surface carved in the unp­
er ~ late ~f the nrevi~us t rust (to the south and lower),hence all were 
~lided int') t' e area of the marg nal tro ugh. This trough ~%ftx%~'became 
fi l led ' w th work-hardened material s~ that the later thrusts, NW,Dunlan 
Canyon, Srmth Fork and East Rlbdge,shot above it.Al l robably spring from' 
a arent mar~inal fault at deDth;each in turn avoided the closely-folded, 
hardened stuff, '"'licking stuff Ie ss hardened above it. But the Cinnabar 
Can:TO thr'lst f7,Q t below the clJver,chosing the Excelsior contact and 
follow· nr, the U"''1er ~art ')f the S'Oearmint thrust. 

The West R" dge "thrust 11 >rldip'Oin~ south, is 'Oroof of uulift of the S 
Hi ghland. 

3. Folding and thrusting in the Luning Embayment. 

First, u'Olift of the folded areas. Advance of S uullft,evtdenced 
by late West Ridge marginal thrust, northward. p.lO: lilt is believed that 
u!')lift of thA folded area bordering the Dunla'O troughs of the Garfll.i.d 
Hills and Pilots Mts.was in urogress during most if not all of this 
stage"(3).In the northern Garfield H1lls,east d€Garfield Peak(pl.2;Fig. 
3),and in the northwestern Pilot Mo~ntains (pls.2,7),this uPlift and oom­
uactlon of the pr eviously fo lded area di verte d the trend of the ]a ter 
folds arid caused loval backfolds which in nlaces developed into small 
thrusts."Thus ·n tho N' GarflhoJLd Hills the nrevailing (earlier) west 
trending folds changes sharply to a SW trend;s.t.these folds a~e over-' 
tl.lrned'NW (i.e. o'Onosite to the overturning of the earlier folds).Pl.2, 
secs.e, D. In NW Pilot MDs. the folds abov~ the Dunlap Canyon thrust 
change in trend from east to SE and in one place are overturned to NE. 
Sec.B-B',Plate 7 (Xk~NX location shown on my Fig.3) shows Dunlap ss and 

conforw.overlying fanglomerate on Excelsior basement,dipping 500 N. Unlike 6ec. 
A-A' to the west,at Sec.B-B' the Luning is enti~ely la .king,showing that 
either this area is south of the Luning ~mbayment mr Luning eroded here 
prior. to deposition of Dunlap. At any rate the 'post-Dunlap fanglomerate 
u plift is very marked,causing a present steepening ~f the thrusts from 
the north, the upper plates of which did not run nearly so much u phill as 
appears today. With increasing post-Dunlap u~lift of the S higgland, 
these thrusts would make excellent tracks for slump fol¢ding downslope 
to the N. 

IMP. However, in the preceding period (2) there must have been a tendency, 
once a thrust bogged down, for its upper plate to slide backward,down to 
the N. Such a sliding would intensify the involution of an overturned fold 
as suggested strongly by the Spearmint thrust, E'igs.4C,4D.,where the 
lower limb of the recumbent syncline has probably slid down the wpearmint 
thrust surface. 

..) 

Most recumbent folds are found in "geosynclinal troughs";they 
are inclined away from the bordering uplift or hinterland,w41ch in many 
cases had marginal faults,so that the above mecijanism may ex~lain some 
recumbent folds.especial~y in the Alps. . 
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After the folded areas described were uplifted, largeLscale thrusting .t 
took place, confined to the .area of Luning deposition. Evidence that 
New York Canyon,Garfield,Marble ~uarry,Ashby,~ast Ridge thrusts moved 
at or near the surface;they mostly did not cut the Excelsior and are 
thought by authors to have originated at base of ~aning or along bed 
planes within the Luning,breaking thru to the surface as movement reached 
increasing resistance on the S,near the marginal Excelsior •• p.ll:For the 
most part •.. the basement rocks were bnvolved in the deformation only to a 
slight extent,and it is believed that these thrusts tore the Luning from 
its moorings and carried it toward the borders of the embayment." Good 
picture of slump movement almng a track. 

The basal member of the Luning is usually thin-bedded limestone,but 
in the Garfield Hills the middle member,slate with cgl.,at least 2000' 
thick,lies at the base. Massive Is. and dolomite found only at the top. 
The thinbedded ls,about 1500' thick,is incpmpetent;total incompetent, 
all at bottom. 3500' plus,over half or about half the total thickness of 
the Luning. How could such stuff be shoved over these flat thrusts by 
lateral compression1 by a force that ignors the massive competent under­
lying Excelsior greenstones and concentrates on the soft cover? Only 
gravity,which acts on each particle equally thruout the mass could 
transport such soft stuff without totally disrupting it. 

Movement on these thrusts relatively small, since no major dif~erences 
in facies of the Luning are involved.Movement a few miles. 

Notes on thrusts of this series. 

New York Canyon: -Fig.3. Relative movement of upper plate,several miles 
S or SEe Folded or warped. May be same as E Ridge. See Fig.4F. 

Barfield Flat,Marble Quarry Thrusts. Resemble ~ew York tanyon thrust. 
Flat, have been warped.Upper plate moved S.Thrust seems to root to N. 
Marble Quarry thrust roots to N. 

Ashby Thrust:like the others. p.24: " ••• the relatively steep dip of the 
eastern segment of the thrust may be the result of later uplift of the 
marginal Excelsior. 

All these thrusts,like those of the Pilot Mts.are thought to be tracks 
for slump movement from an upmift to the north. 

The uplift of the S highlands mentioned, occurring during this period, 
is evidenced by "backfolding" ,fol1ds overturned to NW in Garfield Hills, to 
NE in ~ilot Mts. Mining N t h rusts like W.hidge. 

IMP Fig.3,which shows structural contours on Excelsior erosion surface 
(i.e. basement for Luning etc. demonstrates the essential parallelism of 
Luning-Dunlap folds with the structural contours.Cf ~ig Horn Basin region. 
Folds not paral l el to basement contours usually in upper plate of a thrust. 
Now the Excelsior surface has jo relation to fOlding . in the Excelsior:it 
truncates these folds. No laminar folding of Excelsior possible. Hence base 
ment could not fold with the cover. Must be slump foldiijg. 
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4. Large-Scale Thrusting 

Mainly eastward, southeastward. These do cut the Excelsior,indicating 
greater nearness to roots. Slicesof Excelsior carried above Luning. .. 

McGee, Pamlico cut only thin slices of the Excelsior and are probably 
. big brothers of the ~arble Quarry etc. Gillis on the contrary cuts 
deep into Excelsior;it has a well-defined trend also, NNW para lel to 
Sierra Nevada batholith not far W. Upper plate of all 3 thrusts travelle 
E or possibly SEe 

On the other hand,the Shoshone thrust and the N thrust in the To­
yabe Range show Vi' movement of upper plate. ote that all rocks E of 
these thrusts are rermi~n or older:N-S up~ift,thrusts dip into uplift. 

Referring the J.ieformation Plate II, Schematic D'iagram,the test of a 
"track thrust",i.e. one that has made out into the passive frame along 
a bed or an erosion surface,is that, since the upper plate slumped and 
folded,it should be highly folded while the . lower plate is not.tMxococ~ 
This holds for Cinnabar Canyon-Garfield Flat thrust(assuming they are 
same,displaced by flaw or rift in Soda Spring Valley,~ig.~) and prob­
ably for the Marble Quarry. 

The New York Canyon thrust (Sec.G-G' attached)shows a striking resemb 
lance to the Scaematic Diagram,its lower plate showing strong monoclinal 
folding toward the west,where the thrust roots,which dies out to the E, 
in the passive frame. 

Age of Diastrophism: Intrusion of Sierra Nevada batholith later than 
all the compressive movements;but latest major thrust,the Gillis,has 
granitic rock intruded along it:scarecly possible with a passive flat 
thrust (E. W.) 
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