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Explanation
Bzl King Lear Formation (Cretaceous)

Ml Heppy Creek Complex (Jurassic and Triassic)
Basinal Sequence (Mississippian to Jurassic)
{T7] shelfand Platform Sequence (Triassic)

I Xoipato Group (Triassic)

< ).)_ Terrane boundary thrust
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Fig. 1. Generalized map and three terranes showing study area, Winnemucca-Surprise Resource Assessment Area (WSRAA)
defined by Peters et al. (1996) and the Great Basin in Nevada and adjacent area, U. S. A. See Table 1 for sample numbers
of age data in study area. (BRT: Black Rock Terrane, JT: Jungo Terrane, FT: Fencemaker thrust, GT: Golconda thrust) (mod-

ified from Stewart and Carlson, 1978; Speed et al., 1989).
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Fig. 2. Geologic map of the Humboldt Range, Pershing County, northwest Nevada, U.S.A. (modified from Silberling and Wal-
lace, 1967; Wallace et al., 1969b; Stewart and Carlson, 1978; Vikre, 1981).
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Fig. 3a. Structural map of the northern part of the Humboldt Range (modified from Silberling and Wallace, 1967; Wallace ef
al., 1969a; Heck, 1987; present research) (see geologic map, Figure 2).
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Fig. 3b. Structural map of the mid-western part of the Humboldt Range (modified from Silberling and Wallace, 1967; Wallace
and others, 1969h; Heck, 1987; present research) (Geologic boundaries and symbols refer to Figure 2).
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Fig. 4. Plot of structural data in the Humboldt Range, Nevada, U. S. A. Plots of figure (a), (b), and (c) used equal area pro-
jection. (a) Plot of poles of mylonitic foliation in the Rochester Rhyolite and Prida Formation in mid-west part of the Hum-
boldt Range. (b) Plot of poles of meso-scale fold axes in the Humboldt Range. (c) Plot of mineral stretching lineations in mid-
west part of the Humboldt Range. (d) Rose diagram showing consistent distribution of metamorphic quartz veins in both
north and mid-west part of the Humboldt Range. Note that northeast veins are formed during the Late Cretaceous, while
the age of formation in the northwest-trending veins is uncertain.
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Fig. 5. Outcrop showing "Double zig zag" fold interference
pattern in limestone of the Prida Formation in Eldorado
Canyon in the northern Humboldt Range, hammer shown
in photo is 28cm-long, looking approximately southeast (see
Figure 3a for location). (b) Sketch of photograph (a). F; and
F, indicate fold hinge line traces of Dy and D, deforma-
tions, respectively.
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Fig. 6. Transposed layer of the Prida Formation developed in the Imlay Canyon along the Fencemaker thrust from northern

part of the Humboldt Range, U. S. A., looking NNE, pencil for scale: 18 cm. (b) A sketch from figure (a) showing remnant
of folded bedding and early-formed fabrics which define transposed layering. Note that another evidence of transposed layer-
ing is shown as development of calcite hook folds at lower right corner.
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Fig. 7. Transposed layer developed in limestone of Prida
Formation between the Humboldt and Imlay Canyons in
the north Humboldt Range, US.A., looking NNE. (b)
Sketch of picture (a) showing tectonic foliation and develop-
ment of abundant hook folds of small calcite veins.

o] Wkl AR PEE Y F, FF72 3
3 wxe) Wiste Aeksci(Fig. 4b). FHH wiA-
29 A 32o) 22 WREe) S FFTE
= ulga S ok $T¥oe M) FITRE
T wAFERS] AF TS JHE YesTo
2 o] FoiH S vepin &R F552 W
& N5} NNE #fe s dAsps 2HE e Fodol
A vkt Ao BES B Foh(Fig. 4b). o] A
delNe] Dy #I3FEE $719) D, A 2hiel 9
d F A= wlels Y FEAeE Aes HilH
(Fig. 9.

D, 7=

B2 HEE MY

FEE AP BB A Dy {3 28]
28 zA9] whae wj$ vjesicl. & Dy, HET
Zx= v S vjekslA] wWEdE A =3 L FE A4
P 93kA] o}, B FEE A Jdle] A
(Imlay Canyon)oll4 & ¥7l A5 572

Fig. 8. Photomicrograph of S, crenulation cleavage devel-
oped perpendicular to S; mylonitic foliation of the Roches-
ter Rhyolite in Sacramento Canyon in mid-western part of
the Humboldt Range (see Figure 3b for location). Thin sec-
tion is normal to foliation and parallel to lineation under
crossed polars. (b) Sketch of photograph (a).
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F20] Wikl 10-30° AjA) Wi WEke R 3AF
o] HIE4)-S-S Vep iR ARl A Qe
waE slehs) WEEde F, 373 gA2
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A=3kA] g}, oA w|HEA Fehys)e F
HAI717} Fy 3729 Ao 3SR kA
= o) F7)ek W7)(Dy W) dFHY
off 2hg-3t B-g A wiske] s} F3-¥o) ukg-3}
o FA=EA] gkt Algdr). olgjst EAL 2t b
23 F, 5 2o vls] bl wde o
wjofsln] w3t AFERE REE WA Ao
F3F w3k AR SA)sA wEEH ] W Ee)
o}. 3kx19t Heck(1987)3} Elison (1987)& B2 &
EE A7} olof] JAHE FE2AHOZ wf$ FA3
A2 A5 Fa& g Hgole YA A7lE F,
FETZe WA Tl F, 45 E™el
HafsiA ol siM st

SME HEE LY

FAMHE el xe] Dy ¥ zHgo oJs] A=
222 B8 Yol e} 2e] mieksiA] wigEe]g)
2on YA o) w3} AFER EEI, |9t
HEE A 2o =2 E 70d (Sacramento Can-
yon)(Fig. 3b)ell A BRAIAE] F-89hel] 3AdS )
dzjel sjgt Wizl Dy diwedl £ElsA A g
s gA|qt #FA-L ol ich(Fig. 8).

YEE AN FAE 2 Qol|AMe] 72 A
A7) 719 =Zeoh 39 3 FpS UHs) a9
He, FE F 9= wlol& A 34 Ex
2 $1 Ak Fig. 9. o|#g A A - bk
9] $35L 2= Dy 3729 AFFel 793t
o, D, ¥324-& s Fo9 F & L o
A2 G5 ke £ 3P o ML) w5
Fz2] ei$l(fold attitudeyi= ‘FHollA HH-E2 g4
5 Aolxl W3slr, & FoiME 21 SR} @
2 F1E 7= FFTEIL FE SAsA 3%
AME AdH ez 2 Ay BH1E = FF
TZE o]FolAr) oedt ¥ FRorMe W
£ D, Wi3gzhge) Az} oM Boz s 2
7171 WEell ot FAlo g A H.

D; 7=

PEE Abge] Biol ZxR 2] &3] e}
vhe WA AHodila kAl Mgl e JEBE Al
2] 539l Dy FZolvt. WA Aedwo] upgke. o]
= 7 AN EEF A wekez A
vl =e] glovi(Fig. 3a, 3b, Fig. 4d), HA= ]S
A3t Dy gel7=ol Yt D, dl+2E A
712 AdsPr|x gt o|2dt A2 A5 BAZ
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Fig. 9. Generalized cross section showing "Dome and
Basin" structures formed by superposed folding in deforma-
tion of the Prida Formation and its associated occurrences
of quartz veins along the western flank of the mid-western
part of the Humboldt Range (see Figure 3b for location).

WA Mogule] FYA7|E FE3= o] 7best
o M A "4 e A #eh WA
A7 FEp)olA slavelA] ZeAEl] 3% o
7191 ey 22 ode}# Qlvh(ohnson, 1977). uwh
A, B4 Aodul2 Hx)A] b 7o) WAFel 2
7] Wo}r] o] Fol WL o 4 9low =g
ATAHe M9 K-Ar o) 24 Az} wielr] 37
oA L7)2 ghs FHou(Table 1), ¥ AFAY o
2)e] AHarel Eet g Ql(Fig. el HA A
3o} WArAr ) 28 94 o)g) Wi $ §A
gk A2 ¢ cH(Cheong ef al, 1999).

WNW-ESE w}gke] o#e] AModa(Fig. 4} A
AEd WA HdHa FEE At A X GolA{9
D; €=l 7-2E Al A} diSA L o] Fo]
212 kSkAIRE, Al #A) W32 BA Qe
% 3ot o] Z- & WAl Moo widdw) Fgatin] 7
AN 84, & 7, < 5T A5ES IAYLAE
A S I 4 I Bl L=

G HodH-2 FAE HEE 99| g AE
FE el 2 bdsln glon 94 Aoy
2 A AL 5 & U= 83 Fxou
A9 Y Mg GA Ao A A=
Dy s e +2F 1422 AosiA|ul, A
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Table 1. K-Ar age data of the metamorphic quartz veins in Humboldt Range, Nevada, U.S.A(see Figure 1 for sample locations)

Lacation No. Description Location Mineral dated Method Age (m.y) Reference
1 Quartz-sulfide vein Sericite K-Ar 78.8+2.4 1)
Nevada Packard
2 Quartz-sericite- ~ Mine Sericite K-Ar 85.7+4.3 o
sulfide vein Nenzel Hill
3 Quartz-biotite vein Stalin’s Present Biotite K-Ar 81.7+2.4 2)
Mine
4 Quartz-biotite vein  Starlight Mine White mica K-Ar 85.3+2.5 2)
5 Quartz-sulfide- Nenzel Hill White mica K-Ar 97.623.0 @)
sericite vein N 1 Hill
Quartz-muscovite enzel Hill. Muscovite K-Ar 114.1£4.0 3)
vem Hollywood i
6 Quartz-clinochlore-  Mine clinochlore K-Ar 103.4£10.0 2)

stibnite vein

Locations of the metamorphic gold-quartz veins for age dating are shown in Figure 1.
Reference numbers are listed below: (1) Vikre(1981), (2) Vikre and McKee(1985), (3) Russell et @l.(1989).

% Adwie] ulgke D) dEjFRE A Aoz
Aoksln] A Aty ZPdalelolA Dt o=
TF-zol| A9 gt LR (Fig. 10). o5 4F
Ache] uigko] |A] Axddeol 283t $HOE Dy
FEd ARTL B85 9] o] 58 vehE &
Ak 24+E B}, oy £ At 7h7t
Sz kA Hogule FAE FEE Ao &
R =Y, & £& sd(Pole Canyon)2 2 H-E] 2
Z 71 d(Rolands Canyom)ell 4 vk FZF th(see
Fig. 4b for location).

Sokstn WA AModua) qksjA} Mowo] Fwjek
2 NNE-SSWe|H o]2|gt Fujgke] +28 A3}
7] 9aliME 71 wEE & F3ke) Dy T
Zo|| W) A58 NNE-SSERbsfe| #9 353 49
(regional coaxial stress)e] QTR Heol] 2}-4-3|ond,

+

Q4 Mkehuiel W A AodHe] Fubae
= woE A9 e B9 £5 s wgs
Y% 95 A AL B Fo,

HEtCie] af2iet

YEE A9 FAE & sAav o] EyAES]
TE AARE o= dd® HAdde= HF 2.0-
25kme] & zh= dA At olw, A% W)
Azt Mg iz}, Ak T} 32 a3 89
1Y (reduction spot) 52 3 Wy &Ho= 3
@5 2 W3y E = ob 7E2E e A
22 ARG 94 AL A= oA Ayt
D, e 7R} v &) MZFoA TF F wAd o
# ESAERRE HoiALF HAL adle] v

Fig. 10. Photograph of sigmoidal shape of en echelon vein arrays showing dextral sense of shear. (a) En chelon vein arrays
cross cut well-developed mylonitic foliation, near Champion Mine, Rolands Canyon, mid-western part of the Humboldt
Range, Nevada, looking approximately northeast (pencil for scale in lower center: 18cm-long). (b) Sketch of photograph (a)
showing that final orientations of the en echelon veins are consistent with one another at the tip of the veins.
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< FAA & A AT HEle] MavolA =
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HEE A FAE 29 A e dgd
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23} 2o 2l g, SCY aElx
% ZhEgl Folch, ol & it A L ofg)
FARA] el HgE Aghu] #oje] wpaks) A
A8 Pk Fxe Wy, a3 S/C ] &
223 2232 AHET GHYY vATFE BN,
Z o3e]9) AA Nt Al KA vk} A
bl oM ko] w9)e} A vl FE(book shelf
structure), E3F KA o} i} F-Zof 8] v]
g oz g gEjTR 5O8 olFoizen ¥
A A e |7z AR $FOE o
& 4 Ak Aol gioh

=Mt

24 Zelg 3] M3|ghellA e, sl
o)A E=gAEL] JAF-E wet SAge. 3}
Auk Zoh 3o BE M 3igte] gt AE o
kom o] AL A st Wy Euflol 7117k
Zshqke ek 100 um Aole] 21AHE whaly o
A2 o] Foizlon A HHE FX-Y HY
A wids) ek A $719) uksiy el A
ez s AAA vy slAke dA £
ghoh 234 WY del72e AEAAG0m 7
Ayels, Fejwol] Aol HPspey, M3 epUA 2
XY @adel 2 igd® AR AMF2E B Foi(Fig.
11a).

efsf et

HEE A FAj¥e] glAll2~E 23 (Rochester
Rhyolite)(Fig. 2} oiF-% gtz HyEe
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o, ¥A% gk gl AFA el Zejd Fo 2
2ol A9 HsA WdHoh(Fg 11b). 7 &
o3t FAF, 7]AW ) WMyAgo] vi-f 7}
W SR & f5e] dd 23] & fHAE =
%] (eutaxitic texture), T} (spherulitic), Z2]32 &}
o FPHaxiolitic) A3 54 5ol hsiRkEol 7]
&t AR AAFHTR= Aol a8EE o
Ao spsfiste] b 4sbf(lava flowpelM =
= 3iEF $-3)9kash flow tuffellA] FEllEgds
A o F glok o4 Bk ol udd T2
= B moe) I3ty )RR vepie Ao
HhEES okA|Ehe tlare] QRAF Aodw) o2 o] Fof
Aok 3719 W3Ergel os) wWdd g st
4 dElFEE M A= selFig. 9).
Akl e gk el AFEAE HgUA,
a4 W¥zrg-e] RN EAQ Ao i F£
(ribbon structure), A W3 KA 9 ¥ &
A, oS- & vidg &5 FE, 183 A" 7
A Fx Fol EAE Agt ke 4 A v
gFol o}

S/C et

S/C sksist(Lister and Snoke, 1984)2 A% &
EE A9 ¥-& 513 (Pole Canyon)s} A=zl E
70 d(Sacramento Canyon)®] zpAl~E F-EHFig.
2)9llM 714 A SdE 9ok Fig. 110). 4 mmolA]
10 mm F79] {7 7vHS8 2= §C 8} 23L&
EAH F e dF2E FAedSE 3 C-
). g€ 7]A AL @il 3 5o A A
e & 5 9on, o582 % g AR e
2 STz Y5t BE 35cm dol3
2g-5ak AAES Y, duber SHpEet ¢
9] Ape]Zh- 10°-15°¢]A|RE 40°9] 75 o) F&= o
= E3po), AP At ¢ A Wk
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EHE ZtEgt

@3 ZA4Ees g2 E e 9F Ak
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sfot=t A ExEP gAY {2k Sz
o) 7]Q1&H(Fig. 11d). o213 T3 A g2 Foll
we}l ofgl G FEE o|FH £ mmelA 5 cmH
o] mha ZtES x o) sdd 4L iy
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Fig. 11. Different types of mylonites developed along the Fencemaker thrust in the middle west of the Humboldt Range. Thin
section and rock slabs are normal to foliation and parallel to lineation. (a) Photomicrograph of ultramylonite in limestone of the
Prida Formation, field of view: 1.3 mm, crossed polars. (b) Rock slab showing mylonite in the Rochester Rhyolite, a coin for
scale: 2.5cm in diameter, (c) Rock slab of S/C mylonite showing characteristic foliations at an angle of 15°, a coin for
scale: 1.7 cm in diameter, (d) Rock slab of foliated fault breccia in the Rochester Rhyolite, a coin for scale: 1.8 cm in diameter.

Fo] o]Foiz|A] ¢gtet. HF-Fe] T G
WY HA e e 92 ZAT-Z(primary
banding)S W= FA|skAIRE, FAMFRS] wiER
BT g2n o]RL g 2E sl AlsHAl
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HEIZo| Y ZTolA e HEt

T2 BA3 FEE Ao Wy 2489 Pr=
AR o2 7199 kst Ak, g7 7H,
B vk, a3 AR FEYAY) HH o=
Ahg o gubd ez glAno|A = AERHE
HolA4,F A4gs o 4 v =3 oleg F
gHql EAEoA HoAALE el bes st
2] 7 oA Hyaae] Axr} oA o2
vepbdeh zhssh, hsish, b Hgh, S/C o4
QF, 28la 3 7l ol of WyE Ad
tl(shear band)E zHe= Aoz A

Ny Sl A Holzgl W3} JA] Fols}

o}, o213 W3 e a4 Robin(1977)2]
Hysg SAPE o] 83slgl o, AxA ¥y €
YAl w3ted Gendzwill and Stauffer(1981)2] =
A WS o] 43lgin). Zajct SFellAMe] f3 H
38} =X (finite strain measurement) A3}= A1A
| e A 3wy ez XRE Zb7h 391
1.00(X:Z B818)% 2.60:1.00:063X:Y:2). X9
e Wy elAe) o HYSXFH P F
B9 Ho A% A7z gAg Ak W] =)
AAE F-E9re] WYy Fapg F2o Wysk &
A A= 243:1.00:0.850]¢.2m, v]efsiA W3
H fistelMe HdsF 242 1.20: 1.00(X : Z)°]
o Wger FA ARERE A1y e MFdA
LR Z gladelH EyAERNE] wojd £
& 7Aage o = ehFig. 3b).

apA e 2 53 Fxo] W3} ofi} JA] Eolst
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Zx= 3719 W3y 2:-(Dy Dyl 93l M2 FH
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Fencemaker thrust 5,-" :
Orientation Fa® Orientation
of S W of
Jurassic 6, 50 Jurassic o,
s
&
<
Counterclockwise
rotation of regional )
principal stress w - Plot of pole of estimated
" Fencemaker thrust
® : Pole of mylonitic foliation
(see Figure 4a)

Orientation
of

Late Cretaceous ,

Fig. 12. Diagram showing state of paleostress acted in the
Humboldt Range, Nevada, U. S. A. from the Jurassic to
Late Cretaceous. Note counterclockwise rotation of paleo-
stress.
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Structural characteristics of Humboldt Range, northwest Nevada, U. S. A.
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Abstract : Characteristic and complex structures in the northwest Nevada, U. S. A. are de-veloped
due to relative tectonic movement of major tectonostratigraphic terranes. The research area is com-
posed of autochthonous rocks of both the Early Triassic Koipato Group and Middle Triassic Star Peak
Group, which is located in the Humboldt Range, northwest Nevada, U. S. A. The present research
is focused on deformation history, related fabric development, and state of regional paleostress during
the Jurassic to Late Cretaceous. The Trassic autochthonous rocks in the Humboldt Range, Nevada,
U. S. A. display polyphase deformation due to E- to ESE-directed tectonic transport of the Fence-
maker allochthon over autochthonous rocks of the Humboldt Range. Structures involving the Meso-
zoic foreland deformation are development of intense foliation, different styles of folds, minor thrusts,
transposed layering, and strong mylonitization. These tectonic structures are mostly developed along
the western flank of the Humboldt Range, and are reported as the first deformation of the Mesozoic
foreland in the Humboldt Range, Nevada, U. S. A. Regional principal stress(c;) is interpreted to be
E to ESE between the Jurassic and Early Cretaceous on the basis of orientations of strongly devel-
oped D; structures. The deformation during the Middle to Late Cretaceous, is characterized by
development of consistent N- to NNE-trending metamorphic quartz veins, and shear zones parallel
to pre-existing D, foliation. Orientations of metamorphic quartz veins as well as other kinematic indi-
cators are N to NNE and are interpreted as those of regional principal stress(c;) during the Late
Cretaceous. The sense of shear applied in the Humbololt Range is dextral and is caused by reacti-
vation of early-formed D; structures. These results reflect counterclockwise rotation of regional prin-
cipal paleostress in the Humboldt Range from the Jurassic to Late cretaceous. Finally, development
of both shear band cleavage and S/C mylonitic fabrics indicates that the shear zones in the Humboldt
Range reflect involvement of enhanced non-coaxial flow during bulk shortening in mylonitic forma-
tion.

Key words : Humboldt Range, Fencemaker thrust, Transposed layering, Mylonite, Regional
principal compressive stress.
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