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d ' ABSTRACT

F@%@ The northern Ruby Mountains and the East Humboldt Range constitute

/ : : 4he northern pert of a msjor north-northeast-trending mountain mass in the

/ Basin and Range provinee of western United States. The range is situsted 4n
northeastern Nevada, approximately ﬁidway between the Wasstch Renge of central

i F Utah end the Sierra Nevada of eastern California.
; : ‘ The main mass of the range is composed of a rather high grede, region-
elly metamorphosed, end internally thrusted succession which is tentatively
| gubdivided into two units. These units are et least in pert in thrust
contact with one another., The lower unit is designated the Angel Lake unit
end includes over 3000 feet of metamornhic recks which inslude granitic to
{ dioritic gneisses, sillimanite-bearing biotite echists, quartzitic schists,

quartzites, lime-silicete rocks, and merble. The rocks in the upper portion

of this unit ere polymetamorphic, exibiting all degrees of superimposed cate-
clasis ranging from mild cetaclesis to ultramylonitization. The upper
| metamorphic unit is designated the Snow Water unit. Tt contains 10007 feet
[ | of marble, lime-silicate rosk, white quartzite, schists, and pegmatite,
H Regional and locel date support a Precembrien age for these two units.
} Two low-angle thrusts have been recognized within the metamorphic
| succession. Aveilable evidence suggests that the age of thrusting wes Pre-
& | P cembrisn, end thet the movement along at least one of the thrust planba wes
from east to west,
In thrust contect with the metamorphiec besement are Paleozoie and

lower Mesozoic strata. The following units ere recognizeds upper Pogonip?

group and REureka quartzite (Ord.); undifferentiated carbonates (Sil1-Dev.);
Guilmette formation (Dev.); Pilot shele?? (Dev.-Miss?); Diamond Peak forme-

tion (Miss.); Ely limestone (Pemn.); Arcturus formetion and "Park Oity




formetion" (Permien); undifferentisted limestones snd shales (Eerly Triassic).
The mejor thrust plene which brings the Paleozoic snd lower Mesozoic
strata over the metamorphic basement is called the Secret Creelr thrust. This
thrust truncetes layers in both the upper end lower plate successions, snd
nearly all the Paleozoic-Mesozoic formetions sre variously in contact with it.
A series of feults subordinete to the underlying sole thrust tectonically
eliminate, truncate, snd repeat many of the units in the upper plete. The age

of this thrusting is post-lower Triessic end is eesrlier than all of the

Tertiary deposits in this aree, which inelude possibly early and almost

certainly middle Tertisry rocks. Evidence indicates that the direction of

thrusting was from west to east.

Rements of the thrust plene in the Fast Humboldt Renge indicate that
it is broadly folded into a huge northerly trending end doubly plunging
anticline nearly 30 miles long. In the northern Ruby Mountains the thrust
plene forms a broed northerly plunging enticline. The trend end megnitude
of this major folding rather closely parallels the besic topography of the
renge. Evidence indicates thet the episode of anticlinal folding, associ-
ated with subordinete feulting, essentielly created the basic outline,
shepe, and trend of the northern Ruby-East Humboldt Renge and occurred in
late Cenozoic time. Some flanking Tertiary continental sediments and
voleanics----tentatively subdivided into the Clover Valley, Starr Valley, and
Willow Creel units (oldést to’ youngest )--~-were deformed during this renge-
forming episode. Late Pleistocene to Recent faults of relstively minor

displecement locelly form scarplets along and edjacent to the range front,

end represent the letest known episode of Cenozoic deformation.
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INTRODUCTICN

General Statement

The northern Ruby Mountains and the Esst Humboldt Range* constitute
the northern part of a major north-northeast trending mountain mass in the Basin
and Range provinee of western United States. The range 13 situated in north-
eestern Nevada, approximately midwey between the Sierre Nevada of eastern
California and the Wasatch Range of centrel Utah,

The purpose of this investigetion was to study and map the internal
rocks and structure of the range., The external (boundary) structure, glacia-
tion, and geomorphology of the range were previously studied by Sharp (1938a,
1938b, 1939a, 1939b, end 1940) and as & result of his work, the Ruby-East
Humboldt Renge has become e common textbook exemple of a typical Basin-Range

mountain (Eardley, 1951; Billings, 1954; Thornbury, 1955).

Location and Accessibility

The northern Ruby-East Humboldt Range is located in Elko Oounty, north-
eastern Nevada. It lies 190 miles dus west of Salt Lake City, Utah, and 250

miles east-northeast of Reno, Nevada. More closely adjacent towns are Elko,

Nevade, 30 miles to the east, and Wells, Nevada, 6 miles to the northeast, The

aree mapped lies within latitudes 41°08' and 40°40', and longitudes 115°20' and
115°00', It embraces approximately 300 square miles.

U. 3. Highway 40, extending from Salt Lake City to San Francisco,
passes by the northern end of the range. U, S. Highway‘9§, which extends from
Twin Falls, Idaho to las Vegas, parallels the east flank of the East Humboldt
Range for 30 miles. State Highway 11 traverses the range at Secret Pass, a

low divide between the northern Ruby Mountains and the East Humboldt Range.

* Not to be confused with the Humboldt Range of west-central Nevada.
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Figure 1. Geographic setting of the northern Ruby-East Humboldt Range
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The base of the mounteins is usually accessible by dirt roads, but most

I}@f the interior of the renge is reached only by treil. There are two gravel

;fgogds entering canyons of the range itself. OUne road leads from the town of

f o - ::Mblls to Angel lLake, which is located on the east slope of the northern portion
ﬁ of the East Humboldt Range. Another road, south of the mapped area, leads into
' the.central Ruby Mountains end up Lemoille Cenyon from the town of Lamcille on

the west flenk of the range.

A r Geography

Topogrephy and Description
Both the high relief and the distinctive glaciel topography contrast
| | . the Ruby-Eest Humboldt Renge from its neighbors. King (1878, p. 62) called it
", ..the most prominent mountsin mess in eastern Nevada',
The range is essymmetric end trends south-zouthwesterly for 78 miles
from its northern end near the town of ¥Wells. The esastern face is much steep=-
er then the western slope. |

The range meintains an overall elevation of around 10,000 feet with

local peaks reaching 11,400 feet. Patches of snow can be found at these high-

er elevations even in mid-summer. The range is flanked by wide desert basins

5600 to 6100 feet above sea lsvel.

Three relatively low passes cross the range. From north to south these

are: Secret Pass, Harrison Pess, and Overland Pass. The hills extending south

of Overland Pass are not considered as part of the Ruby Mountains.
Just south of Wells, several miles sast of the northern part of the East

Humboldt Renge, lie three relatively low north-south-trending hills. The north-

TR D T SRR IRr Sy~  { SUREsey [am =

ernmost hill is the largest, and for convenience will be referred to hereafter
as "Clover Hill.,"

A subsidiary ridge projects southerly for 12 miles from the southeast
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corner of the main mountein mass of the East Humboldt Renge. This ridge separ-
ates the northern end of Ruby Velley, which extends up the east flank of the
Ruby Mountains, from Clover Valley, the lowland which parallels the eastern
front of the East Humboldt Reange. This ridge will be hereafter referred to as
the southern East Humboldt Range.

Just across & low divide at the northern end of Ruby Valley is a 5
square mile lowland known as Secret Valley. It is 100 to 400 feet higher than
Ruby Valley. Secret Valley is well hidden from Ruby Valley to the gouth, and
reportedly was a favorite early-day hideout for robbers and stock rustlers.

The range wes originally called the Humboldt Mountains (King, 1878;

Hague, 1877), but later maps have given it two nemes. The mass north and north-

east of Secret Pass is now known as the East Humboldt Range, and the mass to

the south is called the Ruby Mountains.

Drainage

Many streams flow from the Ruby-East Humboldt Renge throughout the
year, which is somewhat unusual for ranges in this region, At the head of
many of these streams are amall glacial lakes.

Most of the streams on the east side of the range crest empty into the
wide, flat intermountain basins of Clover and Ruby valleys. Ruby, Frenklin,
and Snow Water lakes lie in the lower parts of these closed playa basins.

In contrast, the streems of the west side have open drainage, and are
important tributaries to the well-known Humboldt River. This is the largest
river in the state of Nevade., It is about 250 miles long and disappears north

of the Carson Sink in the western pert of the state.

Climate

According to Eakin et al (1951):

The climate of (Ruby and Clover valleys) is arid to semi-
erid and is characterized by low precipitetion on the valley




; floor, low humidity, high rate of evaporation, and a
) ' wide range in temperature, both seasonal and daily,

Precipitation increases generally with altitude in
the edjacent mountains, The higher parts of the Eest
Humboldt Renge end the Ruby Mountaeins renk closely with
other areas of precipitation in Nevada and locally the
precipitation mey exceed 35 inches.

Precipitation on the floor of Clover Valley probably
‘renges from 5 to 12 inches a yeer... .
Vegetation
On the range flanks vegetation ineludes sagebrush (Artemigia

| : tridentata), big greasewood (Sarcobetus vermiculatus), black sage (Arte-

misia nova), and verious grasses. Within the renge are various types of aaspen,

. pine, and juniper.
| |

| Investigation
A
“

‘ ] The author first became intereated in the geology of the northern
\;

! ‘ . ’ Ruby Mountains and the East Humboldt Range while he was in northeastern
[ | R

\
When the writer decided to continue on for the Ph.D. degree, Dr. Peter Misch,
who had previously done some reconnaisgsance in the area in 1953, suggested

that the stratigraphy, petrography, and internal structure of the range would \

- Nevada doing field work on his master's thesis in the southern Pequop Mountains,
{ .
be an excellent problem, and would be a significent addition to the geologic ’

mapping progrem by the University of Washington Geology Department in various

|
parts of the Eastern Great Basin. 8harp (1938e, 1938b, 193%9a, 1939b, and L

BT o oo s
[

Present investigation was to deal with the pre

1940) hed previously reported on the Cenozoie geology of the area, and the {
-Tertiary rocks and internal 0
I

structure of the range which had not been mapped by Sherp, | |

During the course of the present study, some structural relations were

found in the renge which appeared to shed new light on the Cenozoic history H

- &nd boundary ("basin-range") structure of the range. This led the author to ‘
l:-.
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study the Tertiary deposits end their relation to the range front in more
detail than was originelly intended.
The present dissertation is the result of 26 months of research from
April, 1955 to June, 1957. The six summer months of 1955 and 1956 were spent
in the field.

Aerial photographs (1:20,000) were used in geologic mapping. Sub-

sequently the geologic date was trensferred to e topographic map. An enlarged

copy of the Halleck quadrangle wes used aé 8. base mep for the southern three-
querters of the area; and an enlarged and modified Forest Service map (1953),
Grazing Service mep and an uncontrolled Jack Ammenn photo index (No., 22SE)
were used for the northern quarter,

During the course of the investigation, approximetely 350 rock thin-
sections were prepared and studied by the author. In addition, 70 fusulinid
sections were prepared; they were studied by Gerald Marrall of the Union 0il
Company in Compton, Californie and H. J. Bissell of Brigham Young University,

The fossil material is deposited in the Paleontology Museum, Department of

- Geology, University of Washington as Lot No. 35. Representative rock speci-

mens end thin-sections are deposited in the Petrography Collection, Depert-

- ment of Geology, University of Vashington as Lot SN,
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METAMORPHIC SUCCESSICN l

General Statement : i

The main mass of the northern Ruby Mountains end the Eest Humboldt \
Range is composed of a rather high grade, regionally metamorphosed, and in-
ternally thrusted succession consisting essentially of granitic to dioritic

L gneisses, schists, quartzites, lime-silicate rock, and marbleg which are

occasionally eut by pegmatitic, granitic, diabasie,eand aplitic dikes and sills. m

Subdivision into Units

The metamorphic series is tentatively subdivided into two units. The ;
‘j F lower unit is designated as the Angel Lake unit, and the upper as the Snow
Water unit.

The two units differ in their overall lithology, and are,at least in
| u; part, in thrust contect with one another. The lower or Angel Leke unit in- |
| cludes granitic to dioritic gneisses, biotite schists, quartzitic schists and
schistose quartzites, pegmatite, lime-silicate granulites, lime-silicate marbles,
and pure merbles. In the upper portion of the Angel lake unit,and es the over-

~ lying thrust plane is approached, these rock types exhibit all degrees of |

- U

cataclasis reanging from mild cataclasis to ultramylonitization,

The upper or Snow lWater unit consists pfedomihantly of marble, lime-

silicate merble, bended lime-silicate granulite, schist, pegmatite, and white '

quartzite. This succession, which is, et least in part, in thrust contact with

Sl Bl e L

the underlying Angel Lake unit, contains both cateclastic and non-cataclastic
rocks, with mylonites at and near the thrust plane. a

The thiclmess of the two units camot be accurately estimated inasmuch L

Bs the base of the lower or Angel lake unit is not exposed, and the top of the f




Fig. 3a. Leyers of higher-grede gneisses, schists, quartzites, and
line-silicate rocks in the Angel lake unit as seen near the head of the

south fork of Steels Creek looking to the southeast, Snow Water Leke is
seen in the background.




Figo 5b .

High-grade metamorphic rocks in the Angel Lake unit
magnificently exposed on the eest-facing precipice below Humboldt Peek in the

Eest Humboldt Renge. View is looking southwerd.
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Snow Water unit is truncated by a thrust mass of Pealeozoic strata.

The meximum exposed thiclmess of the Angel Lake unit is roughly 3000

feet, and of the Snow Water Unit, 10007 feet. Far greater thicknesses of

these units may occur in the Ruby Mountains south of the presently mapped

area, and a detailed study in the Ruby Mounteins would be necessary before

formal nomenclature is proposed.

Age of the Rocks and the Type of Metamorphism

Two views have been expressed regarding the age of the metemorphic
rocks in the Ruby-East Humboldt Renge. One view is thet the original rocks
were Paleozoic end that metamorphism ocourred in late Jurassic to early Tertiery
time. The divergent view is that the age of both the parent rock and the sub-
sequent metamorphism is Precambrian.
The metamorphic rocks in the range were first discussed by King (1878,
p. 12, 62) end Hegue (1877, p. 528, 557)s who considered them to be Archaen.
Hill (1916) in an early mining district reconnaissance mepped the rocks in
the renge core intrusive biotite granite of possible laste Cretaceous or early
Tertiary age. Blackwelder (1935, p. 157) in a regional Precembrian summary
implied that the rocks are Precembrian. Sharp (1939b, p. 886) originally
thought that the entire metamorphic succession was & Peleozoic sequence which
wes metamorphosed in the late Mesozoic or eerly Tertiery, but later (1942,
P. 675-676) concluded that some of these rocks mey possibly be Precembrian.
| Sharp was the only author to attempt e systematic subdivision of the
metamorphic succession, and the only author to present & reeson for his partic-
- ular age designation. He divided all the internal rocks of the range, meta-
| Worphic end non-metamorphic, into four formations. They were: & lower dolo-
mite unit (lowermost), a quartzite formation, & middle limestone unit, and an

Upper limestone formation (uppermost).

According to the stratigraphic column in Sharp's earlier paper (19%9b),
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all of these ebove formetions were regarded as Paleozoic rocks contect-mete- w
‘ !
| ' morphosed by eerly Tertiary or late Mesozoic binary granite (two-mica granite),
\

porphyritic granite, and pegmatite intrusions (See Appendix).

Supporting his original view that the parent rock of the lower dolo- '
mite unit was Paleozoic, he stated that this "dolomite" (consiating of "gilli-
- manite-gernet schist, quartz-biotite schist, quartzite, marble, end diopside
granulite") is "believed to be Paleczoic as it is pert of a conformable series |
in which overlying beds are Cartoniferous... ." In support of his belief w
thet the quartzite formetion (consisting of "brown quartzite and smaller a- “
mounts of quartz-biotite schist, marble, grenulite, and biotite gneiss") is
‘\ ) Paleczoic, he states, "It is conformable with overlying beds which contain !
1 | Carboniferous fossils and is, therefore, thought to be Paleozoic,."*
| i . . E The conformably overlying beds that Sharp refers to are his middle and» ‘ #
H ; ‘ . ~ upper liméstone formations of reportedly Permo-Carboniferous age. Although
k ; ” ‘_ Sharp mepped none of the four formatiops areally, his several cross-sections }
| enabled the present writer to observe what rocks were considered to constitute

these formetions, On the basis of these 6bservationa, it appears that Sharp's

. lower dolomite unit and quartzite Pormation constitute & high-grade regionally ‘

~ metemorphosed layered rock succegsion; and that, in the northern Ruby Mounteins

end the East Humboldt Renge at least, Sharp's middle and upper limestone are ‘

;j'
i]

Triassic, and which are not conformable with the underlying metemorphic base-

actually thrust slices of rocks that range in age from Ordovician to Barly ]
1l

| * In his later peper, Sharp (1942, p. €75) revised some of the earlier views [

regarding the age of the lower "dolomite" unit and the overlying "quartzite" ‘
formation, He stated, "The previously nemed quartzite formation (Sherp, 1936b, : ‘M
p.837) is undoubtedly the Lower Cembrian Prospect Mountain quartzite... High- »
Bl | - grade metamorphic rocks, originally impure dolomite, limestone, shale, and |l
-r 8andstone, are exposed (Sharp, 1939b, p. 886-887) below the Lower Cembrian ey }

¥ ) qQuartzite. These rocks are seemingly conformeble with the quertzite... and

D8y be Lower Cembrian... or... they might correspond in part to the Protero-
e, ,, " ‘J

| ment but on the contrery lie on a basal thrust plane that truncates rock
|
[
|
|
\
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layers of both upper and lower plates,.*
Since the typ= of metemorphism in this ares has a decided bearing
upon its age interpretation, this question will be discussed first. Arguments

will subsequently be presented which concern the probatle age of the metamorphic

terrane.

On the basis of the following seven points, the writer has concluded
thet the main body of metamorphic rocks in the northern Ruby Mountains and
the Zast Humboldt Range is the product of regional metamorphism and not con-
tact metamorphism:

1) The metamorphism'is regional, in the descriptive sense. That is,
metemorphic terrene oceurs over a larée area, well over 150 square miles in
the mapped aree,and several hundred more squere miles in the central Ruby
Mountains,

2) The greater portion of the metamorphic rocks studied in the area
gre synkinematic, i.e.,, deformetion and recrystallization interpreted to have
occurred essentially contemporaneously during metamorphism,

3) The rocks in many instences are polymetamorphic. Earlier gneisces,
schists, quartzites, and lime-silicates were mylonitized by later dynamic
(mechanical) metemorphism, which in some localities show a later stage of mild
feldspathization,

4) The metamorvhic rocks are of a rather high grade over the entire
area, generally the warmer mesoione and cooler katazone,

5) Metamorphic rocks with all decrees of feldspathization are pre-
sent. These range from feldspar-porphyroblast schists, augen-gneisses, and
lit-par-1it replacement gneiéses, to relatively homoreneous gneisses,

o It is to be noted, however, that on the basis of reconnaissance by this
Writer, the middle limestone of the central Ruby Mountains indicated by Sherp
in his cross-sections EE', FF', and the west half of DD', (see Appendix)is
8pparently not part of the upper plate, but part of the metemorphic basement.
t appears distinctly different from the rocks shown in Sharp's middle lime-

8tone of the East Humboldt Range (cross-section AA' and the east half of B
Which are definitely Paleozoic rocks of the upper plate,
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€) Intrusive bodies within the metamorphi ¢ 8uccession are limited

to dikes and sills which a&ppear not only too smell to account for the wide-
spread higher-grade metemorphism, byt which even lack apparent contact meta-
morphic effects upon immediately ad jacent rocks,

It is a large mags of granite and quartz
monzonite over 7 miles wide and apparently extending northward from the pass

up the east flank of the renge for at least 10 miles,

The narrow aureole of
marble, horﬁfela,

and tactite (lime-silicate hornfels) in the Paleozoic rocks,
as described by Klepper, et el (1944), are in striking contrast with the reg-

ional, schistose, higher-grade, feldspathized,

and in part polymetamorphic
rocks of the northern Ruby-East Humboldt Renge,

If the metamorphic terrane in question is not g Product of contact

metamorphism but ig rather a regional metamorphic succes

sion in the broader
sense (Harker,

1939), the problem of itg 8ge still remgins, The following
points strongly Suggest that both the original succession end

its metamorphi em
was Precambrian:

1) The regio

nally metamorphosed terrene is neither conformable with

nor gradational into Carboniferous rocks, but on the contrary it ig in thrust
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abundant than rocks of sandstone and shale derivation (now gneisses, schists,
;nd quartziteu). Known Paleozoic successions within the general aree, signifi-
cantly, are predominantly carbonate rocks, and the seme holds true for surround-
ing areas.* 4

3) The regional setting argues against higher-grade regional meteamorph-
ism and feldspathization in post-Paleozoic time. Northesstern Neveds is regard-
ed by most geologists to have been & part of the Paleozoic miogecsyncline or
Millerd Belt (Key, 1947) which ley to the east of the "Manhattan geanticline"
(Nolan, 1928; Eardley, 1951). The latter is a north-northeast trending line
through central Nevada that is said to separate typical eugeosynclinal from
typical miogeosynclinal deposits (Krumbein, 1950) to the east.

During deep-seated orogenic upheavals, it is reportedly the mobile
eugeosynclinal belts thet become subjected to regional higher-grade metamorph-
ism (King, 1951; Misch, 1949; Read, 1954 end others). A hypothesis suggesting
such metamorphism in post-Paleozoic time in this miogeosyncline would, at best,
seem to warrant serious skepticism. Such skepticism would appear to be well
founded in view of the next argument.

4) The widespread occurrence of unmetemorphosed Paleozoic rocks in east-
ern Nevada strongly suggests that no higher-grede regional metamorphism of the
Paleozoic succession has occurred anywhere in this region, otherwise these
8€quences now so widely exposed might be expected at least in some places to

grede into such higher-grade metamorphics ,**

x This second point applies to the main bulk of metamorphic rocks ex-

posed in the range, namely, the rocks comprising the Angel Lake unit, It does
not aprly to the Snow Water unit which containsmany carbonate-derived rocks.
Additional evidence which supports a Precembrian ege for this unit is discussed
in the section on the Snow Water unit (Southern East Humboldt Range ===
Quertzites),

**  What mey be regarded as apparent minor exceptions to the sbove statement
is local dynamic metamorphiem of Paleozoic rocks at or near ma jor thrust planes
in east-centrsl Neveda. Misch and Easton (1954), for exemple, found that the
Pilot shale at & major basel thrust plane in the southern Schell Creek Range

is altered to phyllite and slate. Grant Steel and He. J. Bissell heve called
the writer's attention to exposures of Ordovician rocks in the Wood Hills

Just southeast of Wells which show e mild degree of metamorphism. The meta=-
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Angel Lake Unit

Introduction

The Angel Lake unit is a higher-grade metamorphic succession which
constitutes the main bulk of the northern Ruby Mountains end the Eest Humboldt
Range . the bese of this unit is not exposed, as previously stated, but of the
epproximately 3000 feet of strata exposed in the East Humboldt Range, roughly
the upper 1000 feet consists of rocks showing superimposed cateclastic struet-
ures. The percentage of cataclastic rocks and the intensity of cataclesis in-
cereases upwards in this 1000 feet, with the more highly cataclastic rocks
occuring beneath the overlying thrust mess of the metemorphic Snow Water unit.

The lower, essentially non-cataclastic 2000 feet of Angel Lake strata
are exposed most prominently on the east side of the Eest Humboldt Renge be-
tween Wiseman Creek and Angel Lake. The higher, cetaclastic strata ocecur near
end at the crest of the renge and are widely exposed along its western flank,
Tﬁe most readily accessible exposures of the cataclastic rocks are in the aree

of the Secret Creek gorge along Nevads Highwaey 11,

morphism is reported to be essentially limited to the Ordovician Pogonip for-
mation, whose base is not exposed; and the metamorphism does not significantly
affect rocks above the Eureka quartzite which overlies the Pogonip(H.J. Bissell,
personal communicetion),

Some of the shales in the Pogonip formetion heve reportedly become slates
possessing slaty cleevage and inconspicuous recrystallization, but lacking the
general lustrous aprearance and well-formed sericite or chlorite characteristic
of low grade phyllites. Oarbonate rocks in the succession have developed a
marble-like sheen, but cenerally lack coarse recrystallization.

In the northern Pequop Reange directly southeast of the Wood Hills similar
incipient low-grade metsmorphism of the Pogonip occurs (Eissell, personal
communication), The presence of limestone mylonites in the northern Pequop
area (Hazzard and Turner, 1957) which are reportedly similar to those which
occur along & major basal thrust zone in the Snake Range (Misch end Hazzard,
et al, 1953), together with other occurrences of dynemic metamorphism along
major thrust plenes (Misch end Easton, 1954), suggests a possible cause of the
incipient metemorphism in the Pogonip rocks of the Wood Hills end northern
Pequop Mountains. Thet is, & basal thrust plane could be lying beneath the
Wood Hills and the northern Pequop Renge, and movement along this plane could
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Non-cataclastic Sueccession

Lower portion

Light grey grenitic to trondhjemitic biotite gneisses appear to be the
most distinctive rock type in the more poorly exposed lower parts of the non-
cateclastic portion of the Angel leke unit. Oranitic biotite gneiss (B70)
was found in the bottom of the Leach Creek ecirque; gneissose biotite quartz
monzonite (L40) occurs nesr the upper end of the north fork of East Fork
Boulder Creek; weakly gneissose biotite granite (E49a) and trondhjemitic
biotite gneiss (E49b) was collected from the velley bottom at the head of
Pole Canyon; and granitic biotite gneiss (A33a) is exposed at the base of the
Ruby Mountains one mile south of Sharps Creek.

The emount of potessium feldspar in the gneisses ranges from 65 per-
cent in the granitic varieties to 15 percent in the trondhjemitic gneisses.
The plagioclase is invariably oligoclase, and its abundance varies from & per-
cent in some of the granitic gneisses to 55 percent in the trondhjemitic var=-
leties. The amount of quartz varies between 20 and 30 percent. Brown biotite
is sometimes concentrated in schistose layers, but elsewhere it is generally
evenly distributed and constitutes less than & percent of the rock. It is the

biotite which gives the pneisses their weak to moderate foliation. Horn-

heve caused the mild dynamic (mechanical) metamorphism of some of the lower
units of an upper plate. The presence in these localities of slates rather
than hornfels or massive argillites would support weak dynemic metamorphism
in preference to static thermel metamorphism of a hypothetical subjecent
intrusion,

Further, a basal thrust plane exposed at "Clover Hill", where Paleozoic
rocks are thrust over & part of the rather high grade metamorphic series, lies
only 3 miles west of the Wood Hills. It would not seem unlikely that the
thrust passes underneath the intervening valley to the east and continues at
depth under the Wood Hills. Thrust sheets which could be related a a lerge-
scale basel thrust plane, are known to be present in at least the northwest
and southeast portions of the Wood Hills (Bissell, personal comunication).

In summary, the reportedly incipient dynemic metemorphism of rocks of the
Ordovician Pogonip formation in the northern Pequops and in the Wood Hills
is quite probably not related to the higher-grsde regionally metamorphosed
Ruby-East Humboldt succession, but perhaps is the result of weal dynamic
metamorphism induced along an underlying basal thrust plane.




Figo 1“0

Regionally metamorphosed higher=-grade gneisses, schists,
quartzites, lime-silicate rocks, and marbles of the Angel Leke unit es
seen looking west-southwest towerd the head of the south fork of Angel
Creekin the northern East Humboldt Renge.
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blende was not encountered in any of the Specimens studied. Muscovite is

sometimes present in emountg of less than 1 percent, Garnet is an occesional
minor constituent, There are treces of secondary sericite and chlorite,

Accessory apatite, zircon, megnetite, and tourmaline 8re sometimes present ip
varying eamounts,

The gneisses are fine~grained to finely medium-grained and textures
are crystalloblastic, Individual greins are inveriably anhedreal. Myrmekitic

intergrowths are common, and appear to be the result orf microcline re

oligoclase,

igoclase
grains and suggest local albitization,
Middle portion
The mejority of the rocks in this portion of the Angel Leke aunit fall

into one of the following catagories: gneisses, quartzitic schists and schistose
quartzites, lime-silicate rocks and marbles,

and amphibolites. In addition,

- there are pegmatitic areas in irregular patches, dikes, and lenses, Aplites
8re present, but are much less.cpmmon than pegmatites, Diabase dikes have .
intruded the succession, and are clearly later than the main episode of region-
al metamorvhigm,

Prominent fissure-like openings extending rather deeb into

the more resistant host rock are frequently caused by the weathering of the

less resistant diabases of the dike conduits

Overfolding is to the
Southwest (Fig. 6). On the lower flank of the East Humboldt Renge just north
I

of Chasge Creek, near recumbent folds in an orange-weathered biotite gneiss are

OVerturned to the east (Fig, T)s

The gneisses in this portion of the Angel Lake unit are very hetero-

Eéheoyus ip composition even in o single outecrop. All degrees of feldspathiza=-




Fig. 6.

Biotite gneiss overfolded to the southwest.,
the

Crest of
Ruby lMountains ebout one mile south of Sharps Creek, looking northwest.,

Fige 7. Near-recumbent folds in biotite gneiss neasr Chase Creek
in the East Humboldt Renge, looking north, Note attenuation of the
lower limbs, indicaeting that overturning was to the east.
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~ tion ere present, eand the quartz dioritic gneisses peass vertically and later-

ally into more pegmatitic varieties.

With the increase in potash feldspar

content there is a corresponding decrease in the schistosity and the percentage

of mafics.

In the thin-ssctions of gneisses studied, the amount of plagioclase

renges from 8 to 75 percent of the rock. Oligoclase is more common then an-

desine. Potash feldspar is completely absent in some épecimens, but occurs

in most in amounts up to 55 percent. Quartz ranges from 15 to 55 percent.

Biotite is the most common mafic contituent, varying mostly between 1 and 10 }

percent. GCreen hornblende is limited to e few of the quartz dioritic gneisses,

and in these it comprises up to 15 percent of the rock. Garnet is occasionally

present in emounts up to 2 percent. A trace of orthite was found in two speci=-

mens, and & trace of epidote in two others,

Muscovite and accessory zircon,

apatite, sphene, opaques, and tourmaline are likewise present in treces, as is

retrogressive chlorite, sericite, and keolinite(?).

Texturally, the gneisscs are fine- to medium-grained and crystallo-

blastic. Potash feldspesr is often seen to embay and even surround twinned l

plagioclase grains which show myrmekitic textures. Plagioclase is sometimes

zoned, but the zoning is not uniform even within the same thin-section. One

specimen, for example, shows an enhedral grain with fairly sharp euhedral
oscillatory zoning (one recurfonce), and several grains with gradstionel

anhedral normal zoning. Quartz varies greatly in grein size and shape, and

undulatory extinction is elmost ubiquitous in non-myrmekitic quartz. PRiotite *

occurs in various shades of brown, pele brown, greenish brown, reddish brown, '

and brownish black.

The quartzitic schists and schistose quartzites are foliated rocks

\
Which nearly always have over 90 percent quartz and vaerying amounts ‘”

of mica, feldspar, and in some cases, sillimanite., These quartzitic rocks

Pass both vertically and laterally into quartzitic gneisses, 1In a quartzitiec
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two-mica schist (L35) near the upper part of this portion of the Angel Lake

uﬁit, sillimenite oocurs as thin priems in well-developed muscovite, S8illi-
menite was also found associated with biotite and oligoclase in & quartzitie
gneiss (A34¢c). This letter specimen consists of 15 percent sillimenite, 40
percent calcic oligoclase, 40 pereent quartz, and 4 percent biotite. Also
present are traces of muscovite, sericite, chlorite, and kaolinite(%). In
some schistose quartzites, the quartz is quite fine~greined, anhedral, and
fairly equi-dimensional. A typicel specimen (A34d) contains 92 percent quartz,
3 percent biotite, and 5 percent'oligoelase.. The biotite is sometimes altered
to muscovite and magnetite, and in other places it is shredded. The oligoclasge
occurs &s porphyroblasts. Some twinned grains show gradational, anhedral,
normal zoning; and similar zoning of undetermined trend occurs in some untwine
ned grains.

Medium-grained cream-colored merble from the Angel Lake area contains
some minor tremolite and phlogopite(1). A quartz-rich lime-silicate gneiss
in the same area contains 55 percent quartz, 20 percent andesine, 15 percent
scapolite, 5 percent diopside-hedenbtergite, and lesser amounts of biotite,
hornblende, clinozoisite, zircon, sphepe, and apatite,

Dark green medium-érained amphibolites contain 50 percent or more
green hornblende, up to 50 percent sodic-andesine to calcic-labradorite,
about 5 percent quartz, and minor biotite. Plagioclase shows gradational,
a&nnhedral, normel and reverse'zoning, as well as anhedral to subhedral oscilla-
tory zoning. Secondary chlorite ocecurs locally after biotite. Accessory
apatite is common.

The intrusive diabase rocks are finely medium~-greined in the central
Portions of the dikes, and aphenitic at the outer margins. The rocks have
typical ophitic texture (Pig. 9), with well-formed labradorite laths consti-

tuting 65 percent of the rock. There is about 2> percent of a non-pleochroic

Pale ross~brown clino-pyroxene, about 5 percent olivine which is partially
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Fig. 8, Diabase conduits on the south side of the Angel Leke I
cirque in the northern East Humboldt Renge.

Fige 9. Ophitic-textured diesbase from middle conduit,
0 = olivine, P = clinopyroxene, (57 X magnification, crossed nicols).
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altered to antigorite(?) and uralitic amphibole, sbout 3 percent magnetite, and

very minor secondery biotite. The labradorite laths have gradetionel, anhedral,

normal zoning, and show considerable sericitization,

Upper gneiss

In the Hole-In-The-Mountain Peak earee, the upper gradational bound- |
ary of the dominently non-cataclastic portion of the Angel Leke unit very

roughly epproximates the upper surface of a dark merker layer of essentially

dark grey to black hornblende-bearing quartz dioritic biotite gneiss (Fig.10),

The dark gneiss of the marker layer is not truly homogeneous. Within
it are numerous nerrow layers which show varieble proportions of biotite,
hornblende, quartz, end feldspar. Especially typical of the marker gneiss ‘3

is the abundance of criss-crossing feldspathie dikelets and lit-par-lit type

feldspathic layers. King (1877, p. 68) was quite evidently referring to these |

feldspathic bodies in the gneiss when he noted that the rocks "geem to be
clouded in peculiar irregular shadings across the stratification, like an
irregular map in different shades of grey"s And further, in perhaps one of

I

the first descriptions of replacement dikes in this country, King accurately y

and descriptively recorded that this "irregular clouding ... looks upen the
surface of the precipice almost like the presence of irregular intruded J

Il
masses. Through these, however, the general lines and shades of the gneiss L

bed are seen to run; but the gneiss itself, within the limits of these vert- il

ical cloudings, has lost much of its schistose character, and is more grani-w :!

tic" (Hague, 1877, p. 536). | ‘gﬁ
This dark "irregulerly clouded" gneiss layer can be treced northward

from Leach Creek along the range crest., At the he;d of the north fork of

Leach Creek, the gneiss is riven by prominent verticel Joints, and a distine~ \

|
tive series of pinnacles has developed as & result of erosion along some of I

- these cracks. The derk gneiss layer is essentially the only well exposed ‘
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- exposed in the general vieinity of Hole~In-The-Mountain Peak,

- thrust over and truncate layers

~in the uppermost hon-cetaclastic portion of the Angel Lake unit,

28
i,t..orphio unit in this area of the north fork of Leach Creek and in fact,

it is the only clearly discernable unit along the eastern range front for

about two miles northward (rig. 11). This is partly because the lower slopes

ef the range front are blanketed by vegetation and moreinal debris, partly

because of a northeasterly component of dip, and partly because of a poassible

northward thickening of the dark gneiss layer, The dark gneiss layer loses

its prominence one-quarter mile south of Leach Creek,
As the dark gneiss marker lenses out southward, two layers of dark

gneiss which are stretigraphically above the marker gneiss lense into the

succession from the south., These two layers are seen as two prominent hori-

zontal bands across the precipice just west and northwest of Weeks Creek,

They intersect the range crest sbout one-half mile to the south, and are not

- seen again,

Allochthonous outiiora of the upper gneiss

Thrust masses of hornblende-bearing quartz dioritic biotite gneiss are

These rocks are

of the normally overlying "transition" sequence

of the Angel Lake unit to be described. The 8llochthonous masses bear strik-

ing lithologic resemblance to the previously deseribed dark gneiss merker layer

and are re-

garded as probable outliers of it., The characteristiec lit-par-1it type gneiss-

88, the scattered eriss~-crossing feldspathie dikelets, end the narrow beds

which have compositional variations in their amounts of quartz, biotite, horn-

‘blende, and feldspar, are all typically present,

The rocks are predominantly dark grey to blask hornblenda-bearing

Andesine-porphyroblast biotite gneisses of quartz dioritic composition. The

Fatio of hornblende to biotite is variable, but biotite is usually more common,

e andesine porphyroblasts which are abundant and evenly scattered often give

ﬁh rock a distinotive spotted appearancs,

These andesine Porphyro-
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The east front of the centrsl Esst Humboldt Ren
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blasts are earlier than later feldspathization, which in some ereas intro-

duced potash feldspar and oligoclase.

The gneiss show various stages of development which'h&vc e transitional
reletionship to each other. A first stage is a finely medium-grained feldspar-
porphyroblast gneiss, a second is a médium-grained to coarsely medium;grained
augen gneiss, and a final stege is a coarser-grained banded lit-par-lit
gneiss, The transition within this sequence is first accomplished by the
development of oligoclase porphyroblasts along certain beds. Some porphyro-
blasts coallesce in one spot and form somewhat larger pods or augen., ‘here
inerease in porphyroblasts occur in ad jacent or nearly adjacent layers, these
feldspathized layers coallesce into a band, and an incipient “lit-par-lit"
type layer is produced. At this stage considerable development of potash

feldspar becomes evident. With further increase in oligoclase and potash

feldspar growth, the "lit-par-1it" pettern becomes fully developed., The felds-
par porphyroblasts within the layer are coarser—grained, and show augen shapes
in meny sizes and in varying degrees of coalescence.

The "lit-par-lit“ pattern thus developed is not necessarily, in every }
detail, exactly perallel to the foliation of the ad jacent gneiss (Fig, 12).
In fact, on & smell scale some layers are oblique to the overasll échistosity.
Sigﬁificantly, planes of folietioh in the ad jacent gneiss are often observed

, to continue as delicate mafic stringers for varying distences into the slightly

obligue feldpathic layer, Clearly, these layers are the result of replace~
ment and cennot be accounted for by magmatic iﬁjection.
i 1 Some of the feldpathic layers show ineipient ptygmatic folding,
Suggesting some post-"lit-par-1it" deformation and recrystallization,
In the dark hornblendoebearing quertz dioritic biotite gneiss which
has not been later feldspathized, the plagiociése porphyroblasts are sodie '
andesine and constitute 50 to 60 percent of the non-feldspathized rock, Some

B ‘ .~ grains show gradational, anhedral, normal zoning, and others show euhedral




Fige 12, Augen and lit-par-1it replacement structure in the elloch-
thonous layer of

hornblende-bearing quartz dioritic biotite gneiss at the

11,111 ) northwest of Gibbs Lake in the central Eest Humboldt
Vertical length of outcrop is about 23 feet.

peek ( elev,
Range,
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?gﬁbillatory zoning. The plagioclase grains are surrounded by finer grained
area of quartz (20 to 30 percent), biotite (7 to 10 percent), hornblende

. (3 to 5 percent), end traces of accessory apatite and sphene. It is to be
.@oted that potash feldspar,‘significantly, is almost entirely absent in these
3 non-feldspathized areas. Rether, it is within the "augen®, the "lit-par-1it*
L and replecement dikelet areas that the potash feldspar, together with the

ciigoclase, becomes prominent. In these the gneiss becomes leucocratic and

.»umre.granitic..

\ f{nclusiena

The non-cataclastic portion of the Angel Lake unit is & synkinemeti-
-:cally metamorphosed end feldspathized succession of originally sedimentary
Precambrian rocks. The heterogeneity and layered nature of the rocks, to-

gether with the presence of marbles, lime-silicate rocks, and quartzites,

‘testify to the sedimentery origin, The fact that the metemorphism was of

rather high grade is indicated by the presence of sillimanite in various

f@chistn and gneisses, and also by the mssociation of diopside, scapolite, and

‘@ndesine in certain lime-silicate rocks.

The overall schistosity of the rocks in this portion of the Angel
1ukn unit, which is shown in thin-section to be cryatallization foliation in
‘gpntrast to cataclastic foliation, testifies to an early period of synkinematiec

tamorphism where penetrative deformetion and recrystallization were presum=

vﬁ@ly occurring contemporaneously. The subsequent folding of the planes of
‘éphistosity in certein areas indicated superimposed later deformstion.,

The evidence for feldspathization is abundent both in the field and

in the thin-section, and there is some evidence that & minor amount of deform-
8tion and recrystallization occurred after feldspathization i.e., incipient
f?ygmatig folding.

The diebase dikes which intrude both the Angel Lake unit and the
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GAN
- Secret Pass unit are clearly later than the regional synkinemetic metemorph-

e
ism., Their exact age is unknown.

‘
‘
Al

gn "Transition" Succession and Portions of The
B Non-cataclastic Succession
e

. A succession of metamorphic rocks which is composed of both cataclag-

;Ftic and non-cataclastic members, overlies the dominently non-cateclestic por-

i tion of the Angel Lake unit in the area betwsen Hole-In-The-Mountain Peak and

Humboldt Peak., This "transition" succession is roughly 600 to 800 feet thick,

and lies between the dominently non-cataclastie rocks in the lower two-thirds
|
LRt

| of the Angol Lake unit, end the dominantly cataclastic rocks in the uppermost
100 to 300(?) feet of the Angel lake unit.

E In the vielnity of Hole-In-The-Mountain Pesk, the base of the "transi-

\

?ttion“ succession very roughly approximetes the upper surface of the previously
‘rdoscribed dark markér layer of hornblende-bearing biotite gneiss. The succes=

1 1‘li;‘nicm passes gradationally into the overlying, dominently cataclastiec sequence,

\ 5

which is widely exposed on the western flank of the renge, in the Secret Creek

™~

‘ gorge, eand in the northern portion of the "Secret Hills" between Ruby end

M Secret valleys,
\rl A
1 The '@ransition' succession was studied in the area between Humboldt
¥

Peak (VABM 11,000) and Hole-In-The-Mountain Peak (elev. 11,276) . Specimens
g - ;

1‘wore collected along the northeastern slope of Humboldt Peak; on the cirque

- wall southwest of Boulder lake; on the peak (elev.11,111) northwest of gibbs

lake; and along the first west-facing slope south of Hole-In-The-Mountain

1 P.ﬁko
3

Hole-In-The-Mountain Peak Section

Hole-In-The-Mountain Peak itself is made up of a hornblende~bearing

fbiotite gneiss which is & thrust remment of péssibly the dark marker gneiss

'ﬂnyer which forms uppermost part of the lower, non-cetaclastic portion of the




34
Angel Leke unit., Beneeth this derk allochthonous gneiss the presently describ-

 ed "trensition" succession of the Angel lake unit is exposed. The succession
: is here & light-colored, cataclastic and non-cataclastie sequence of mostly
~ gneiss, banded lime-silicate granulite and marble, schistose quartzite, and
 pegmatite, These focka appear as a prominent light-colored horizontal band

|  which can be seen from both Starr and Clover valleys.

The suod#ssion is distinetly layered. Within it are some large stream-

w ~ lined lenses and pods of darker gneisses, and some cross~cutting dikes (Pigs.

! ‘ 10, 13 and 42). These streemlined megasecopic features, together with the

| associated microscopic cataclasis, emphasize the horizontal shearing and deform=-
| ' ation which must have affected this unit at one time,

\‘ ‘ Gneisses.-- The following representative gneisses from this area were

E - collected and microscopically studied: dioritie hornblende gneiss, quartz dio-

i ‘ritic augite gneiss, partially feldspathized quertz dioritic biotite pare=

gneiss, cataclastic quartz dioritic hornblende-biotite gneiss,

it ' The quartz dioritic pyroxene gneiss (L 46) is light green and creem-

iw colored, and fine-grained. The texture is erystalloblastic, Plagioclase cons-

I titutes about 85 percent of the rock. It is mostly sodic andesine and has
| t“ | .
|

| A !wﬂrmal, enhedral, gradational zoning. Cores are about An55 and rims are about

i : Iﬂnaa. Quartz constitutes 8 percent of the rock. Augite (5 percent of the rook)

| ‘ 1s anhedral to subhedral, microscopically colorless, end has an extinection angie

(Zic) of 47 degrees. Potash feldspar is present but is less than 2 percent,
Medium-grained dioritic hornblende gneiss ( L 5 and L 9) contains 60 to

filel | : 16 percent sodic andesine (about An}l)’ 22 to 35 percent hornblende, 3 percent

| ‘;hto chlorite, 2 percent late carbonate, 1 percent quertz, 1 percent sphene, and

f
|

traces or potash feldspar, orthite, and apatite, This specimen is character=-

ized by late fractures variously filled with carbonate and/or radiating growths

i o chlorite., OCarbonate has replaced much of the hornblende. Chlorite is pale

TOWn to prass green, and has anomalous "Berlin blue" interference colors.
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- most portion

ﬂlochtMnous gneissg

"Trangition® succession

' Buccession of essentially
non-cataclastic rocks with
dark gneiss layer in upper-

Fig. 15. The “trensition® succession e&s seen on the west side of
le-In-The-Mountein Pesk. The pesk (elev. 11,276 feet) lies to the left

the circled area. It is composed of en allochthonous mess of hornblende-
Searing quartz dioritic biotite gneiss.




2

An unevenly fine- to medium-grained, strongly cataclastic leucograni -

(L 12) consists of mierocline (55 percent), quartz (30 percent),
caleic oligoclase, about Anyy (14 percent),

d tic gneiss

biotite and chlorite (1 percent),
~ Pod-shaped porphyroclasts of microeline (1 to 2 mm, in length) 1lie between un-
J‘?ulating cataoclastic layers consisting of fine-grained sutured quartz, feldspar
- mortar, and minor shredded biotite and chlorite. Pre-cataclagtie myrmekites
are present et the margins of

some microcline porphyroclasts., Caleic oligo-

~ elase shows some fracturing end healing by quartez,

‘r An unevenly fine- to medium-grained, strongly cataclestic quartz dio-
ritic biotite-hornblende gneiss (L 1) collected neer the crest of the range con-
)

- teins rether equi-dimensionel porphyroclasts

of sodic andesine, surrounded by a

x;inor-grained cataclastic matrix containing verying emounts of potash feldspar,

‘sodic andesine, quartz, green hornblende, and brown biotite. Traces of orthite,

nghona, and epatite are also present,

The andesine porphyroclasts are some-

‘whet rounded and average 1 mm, in diameter,

They possess both oscillatory and

simple, normal, enhedrel, gredationsl zoning; as well as much zoning of an

dietermined trend,

The average composition is estimeted to be about A

n55.
‘Qoma greins are slightly fractured, The
R ;

green hornblende forms smaller por-
?hyroolaste in the cataclastic matrix,
i

and grains are generally less than .33
mn, in diemeter,

L Lime-gilicate g

ranulitesg ,~= Lime-gilicate

granulites are common in the
*ﬁransition" succession. Most of the specimens collected in the Hole-In-The-

f&untain Peak area are non-cataclastic,

These rocks very in color; they are

1y bure, cream-colored, light green,

or both red and green. The rocks are

ine- 1o medium-grained, and microscopic textures are typicelly crystalloblas-

2X. ®Xcept in the specimens with superimposed cataclagis,

Minerals present in
the non-cataclastiec lime-silicate granulites are:

diopside, hornblende, gernet,

iﬁeic scapolite, phlogopite, brucite, calcite, potagh feldspar,‘labradorite,
;




‘The hornblende in one dioritic gneiss has brownish cores and green to bluish-
78

Jgroon rims, end has a uniform extinction angle (Z:e) of 20 degrees. The sodie

 andesine is usually zoned and averages about An§1. In the seme specimen the

| followihg types of zoning were noted: (1) normel, euhedral, gradational; (2)
it

normal, enhedral, gradational; and (3) oscillatory, enhedral, gradational,

A fine-grained, dark grey, partially feldspathized, bended quartz dio-

I ritic biotite paragneiss (L 11) dominantly consists of quertz, & gsodic untwinne

~ ed plegioclase, potash feldspar, end biotite. Traces of chlorite, apatite, and

hematite are present. The feldspathized arees are coarser grained.end consist

- of sodic oligoclase (about An17), quartz, and potash feldspar.,

Cataclastic gneisses studied are incipiently to strongly cateclastic,

One inecipiently cataclastic dioritic hornblende gneiss (L 32) passes laterally

into an incipiently cataclastic banded lime silicate granulite within the same

thin-gection, apparently reflecting original compoeitional differences. The

incipient cataclesis is noted at the margins of the calcie andesine (about th5)

grains which show minor development of mortar. Twinning lamellese are slightly

bent in the plagioclase., The rock has preserved most of its crystalloblestio

texture,

In a moderately cataclestic quartz-rich oligoclase gneiss (L 18), quarte

is elongate, slightly sutured, and shows pronounced undulatory extinection. Oale

oie cligoclase (about Anza) has locally been fractured and been healed with re=

erystallized grenoblastie quartz,

A fine-grained, moderately cataclastic gernet-bearing leucogranitic

Eneiss (L 34a) consists of about 80 percent microecline and 19 percent quartz,

and traces of garnet and greenish-brown to greenish-black biotite, The quartz

88 highly sutured, fuzzy boundaries, and the grains posses a rether uniform

%tic orientation. Some recrystallization appears to have occurred during and

PO8sibly after cateclasis,
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%;ne, quartz, biotite and chlorite.
Plagioclase occurs in anhedral grains and, where determineble (L 13,

B 728), it is sodic labradorite (about An55). Zoning of undetermined trend is

;nriubly present. Potash feldspar was noted in only one specimen (L 10).

gpaide is a common constituent and is present in all of the specimens stud-
jed. It is green inAthe hand specimen and is usually colorless in thin-section,
Greins ere mostly anhedral and have an extinction angle (Zsc) of about 39 degrees.
wffﬂet is pale brownish-red in hand specimen and is colorless in thin-section.

is often poililoblastic, and in one specimen (L 10) it has inclusions of

opside and celcite., Euhedral green hornblende occurs in only one of the speci-

mens studied (B 72a2). It is associated with diopside,'acapolite, sphens, bio-

iiio, garnet, celcite and sodic labradorite. Biotite and chlorite are present
iy in this one specimen of lime-siliocete granulite (B 72a). Scapolite is
ent in three specimens (L 10, L 32, and B 72a)., It is colorless, and has
high second-order interference colors. The relatively high birefringence would
?;aicate a gignificant calecium content end therefore the mineral is probably

approaching meionite. Phlogopite occurs in one specimen (L 6) and is associat-

M .

ed with brucite. Phlogopite and brucite outwardly reéemble one another in the
%iin~section because both are coiorlesa and micaceous-appearing., Optic sign and
birefringence distinguish the two. Phlogopite is biaxial negative and has high
;,oond to middle third order colo;s. Brucite is uniaxial positive, and in

this specimen has grey and yellow firat-ordar colors. In the hand specimen
Phlogopite occurs as pale brown flakes. Brucite is green and has a wexy lus-
ter; it resembles talc but is harder (H. = 2.5), Both~§rimary and seconda:y
calcite is present in all specimens, end in B 72a some calcite has replaced
Scapolite. Sphene ocours as subhedral to euhedral graeins in two specimens

Ew 13 and B 72a).

The grade of metamorphism, based upon the widespread presence of diop=-
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»;@do, sodic lebradorite and scapolite, is probebly warmest mesozone to coolest

F@;tﬁzono.

One specimen of cataclastic lime-silicate granulite passes vertically

4
A
0y

into & previously described, strongly cataclestic¢ quartz dioritie biotite-

:hornblendo gneiss (L 1). The following minerals are present: diopside, sodie

lp.ndosine {An55). hornblende, quartz, potash feldspar, epidote, orthite, sphene,
apatite, end hematite, Diopside is colorless, and has an extinction engle (Z:c)

of ebout 41 degrees, which suggests a slight hedenbergite component., OCleavage

‘planes are sometimes bent, Some greins eppear shattered, and smaller particlos

are sometimes carried into the groundmess along shear planes. Grass-green to

blue-green hornblende oceurs in subordinete amounts end is often somewhat fib-

‘rous. It is found elong undulating shear plenes end some secondary trensverse

shear plenes; it is often retrogressive along the margins of diopside. Quartz
%“a been mostly reduced to a fine-grained mortar., Sodie andesine (An55) ig
8nhedral with irregular boundaries, occurring in both the groundmess and as
fractured porphyroclasts, Twinning lemellase are commonly bent. Microeline
Egnurs both in the cataclastic metrix and as porphyroclests. Epidote occurs

only in trece amounts along shear plenes. One brown orthite core in an epi-

dote grain wes noted.

Quartzite.-- A single specimen (L 8) of white massive qu#rtzite (rig.
31) was collected from this area, The quartz forms an unevenly-grained, inter-
locking mosaic of unoriented, highly irroguiar-ahaped grains. Individual grains
show only mild unduletory extinction. The greain size varies from a fraction

°f & millimeter to about 3 mm. There is no cataclasis.

k11,111
This peak is located northwest of Gibbs Lake and has no name. It is
he second highest peek in the East Humboldt Renge and has an elevation of

111 oot (Fig. 43). The peak itself is made up of an allochthonous outlier
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ark quertiz dioritic gneiss which is in thrust contact with the "transition®
on here, and is similar to the allcchthonous pags 8t Hole-In-The-Mountain
2 miles due north. Specimens were collected on the ridge crest immed-

Iv@@utheast of the peak, and from rocks which were at one time beneath

j4hin 30 feet of the overlying thrust plene. Most of the specimens col-

ed are cataclastice.
 Gneisses.—- The following cataclastic gneisses were collected: ortho-
ich qﬁartzitic gneiss (E 10d), garnetiferous leucogrenodioritic gneiss

, orthoclase-rich quartzitic two-mica gneiss (E 10g), banded orthoclase-

- quartzite and leucogrenitic gneiss ( 10i), and quartz monzonitic gneiss

 The moderately cataclastic orthoclese-rich qusrtzitic gneiss (E 10d)

anevenly fine- to medium-grained, and conteins epproximately 45 percent

'35 percent orthoclase, 14 percent sodic oligoclase (Anls). 5 percent

, and minor gernet, muscovite and sericite. Distinctive are the por-

stes and porphyroclestic clusters of orthoclese which occur in layers

grained cataclastic quartz, orthoclase, and oligoclese,.

ﬁ:wi@ﬁumulations of finer-grained orthoclase form streeked "tails" be=-

“the porphyroclasts. The grains in these "teils" become smaller and smaller

tuelly merge into the mortar of the matrix. The orthoclase is in part

~ Garnetiferous leucogranodioritic gneiss (E 10f) is unevenly fine- to

lum~-grained and moderately cataclastiec. It contains approximately: 40 per-

rthoclase, 35 percent sodic andesine (about Anjl)’ 25 percent quartz,

2 percent gernet, with minor muscovite and zircon. Pre-cataclastic por-

lasts of orthoclase embay quartz and plegioclase and some myrmekites

iﬂglopcd. Sodic andesine shows zoning of en undetermined trend. Quartz

r occurs only in narrow streams.
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~ Unevenly fine~ to medium-grained, moderately cetaclastic, orthoclase-
two-mica gneiss contains about: 43 percent quartz, 35 percent microcline,
yercent sodic oligoclase about (Anla), 5 percent muscovite, 2 percent bio-
T,iiﬂd traces of chlorite and zirecon. Quartz-rich layers show moderately
! :‘I%e quartz grains, the largest of which are .32 mm. wide and about 1.6 mm.
In these qﬁartz-rich layers are muscovite, biotite, and egg-shaped
ins of sodic oligoclase. Finer-grained ostaclastic layers contein potash
dsper, oligoclase, and quartz. Grains in these layers are highly irregular
| shape, and most reange between .016 and .2 mm. in meximum dimension. This
?;,‘is rich in replacement features; potash feldspar generally seems to
_? replaced oligoclase, with the formetion of myrmekite. Some potash felds-
%brphyroblaata appear to project outwerd locally, embeying a small portion
3 the surrounding cataclastic groundmess. Biotite and muscovite are locally

dded along shear plenes.

] An unevenly fine- to medium-greined, strongly cataclastic, banded

. oclase-bearing quartzite and leucogranitic gneiss (E 10i) show two differ-

types of response of quartz to cataclestic deformation. Quartzoss layers
composed of sutured, elongate quartz grains which average .4 mm. in width
range in length up to 7 mm. Occasional anhedral microcline up to .5 mm.

diemeter ocours in these quartz layers. Layers of cateclastic mortar up

& ne-half inch wide separate these quartzose layers. The bordering layers

ortar consist of granulated quartz, potash feldspar, oligoclase, occasional
et, and larger porphyroclasts of microcline. Some of the porphyroclasts
'gg much as one-quarter to one-helf inch in size, and the mortar streams
‘Around them. The porphyroclasts are locally tranversed by fissures which
?lriounly filled with reorystallizgd quartz end some fine-grained mus-

te.

An unevenly fine- to medium-greined, strongly cataclastic quartz mon-
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itic gneiss (E 10k) consists of about 35 percent microcline, 36 percent
‘%fdroligoclase (about Anza), 20 percent quartz, 4 percent muscovite, and
cent gernet, kaeolin, sericite, chlorite and limonite. Microcline end oli-
¢ porphyroclasts (up to .14 mm.) are surrounded by streams of highly
ated quartz, oligoclase, and potash feldsper, Porphyroclasts of miecro-

have been locally fractured, and the narrow fissures perpendiculer to the

ation are sometimes filled with radiating muscovite growths,

- Lime-silicete marble.-- A single specimen of grey lime-silicate bearing
I te ultramylonite contains pods and grains of brownish weathering lime-
te minerals which stand out in relief. The groundmass is composed of a
ry fine-grained calcite mortar which locally grades into a brownish, fuzzy,
dy calcite fabric. The lime-silicate minerals occur as individual sub-
led porphyroclasts, and in sub-rounded porphyroclastic clusters of lime-
te rock. The following minerals are present in addition to calcite:diop_
'Vﬁ_; scapolite, calcic 1nbrador§te (about An64), phlogopite, quartz, and minor
otash feldspar.
i»c  Quartzite.-- A fine-grained feldspar-bearing gneissose quartzite (E
) shows no cateclasis. It contains: 85 percent quartz, 8 percent albite-
clase (ebout Anlo), 4 percent orthoclese, 2 percent biotite, and 1 per-
1t muscovite. Quartz show preferred crystallographic orientation., Its
aries are irregular but not sutured. Crains tend to have their longest

lension along the foliation, but they are not lenticular or strongly elong-

On the rether steep circue wall southwest of Boulder Lake, excellent
Posures of the Angel Lake unit ere present., Most of the specimens were

1lected from the lower third of the exposed sequence here, and most rocks

'{BOn-cataclagtio. Therefore, the rocks mentioned here are only part of the
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1g;gneition' succession and include rocks of the non-cataclastic portion of the

d@%al Lake unit.
Most of the rocks in this area appear to be gneisses, with subordinate

amounts of marble, bended lime-silicate granulite, and quartzite, and pegmatite,

» localities from which specimens were collected are shown on the accompany-
< |
ing photograph (Fig. 14),

. At locality E 3, pegmatite and leucogranitic gneiss are associated with
5;rble and lime-silicate granulite. The lime-silicate granulite is medium-
greined, red-end-green, and weathers a rusty red-brown, The following minerals
;gg present: hedenbergite, grossularite?, calcié lebradorite (Anéh)’ quartz,
@urnblonde, scapolite, epidote and clinozoisite, calcite and sphene

At locality E 4 ig a bufe weathering orthoclase-bearing quartzitic oli-
goclase gneiss, containing local lenses of pegmatite, It is overlain by & lay-
er of greenish-black, fine-grained hornblende-bearing quartz dioritic biotite
i&aiaa.

At locality E 6 is a medium- to coarse-grained phlogopite-bearing merble

associated with lenses and pods of pegmatite (Fig. 15). These rocks are over-

lain by alternating layers of light and dark gneiss (E 9 and E 10). The dark ;V
gneisses are fine-grained amphibolitic blotite-bearing oligoclase gneiss (E 10) |
8nd orthoclase-bearing oligoclase-porphyroblast biotite gneiss (E 9). 3peci- M
E 10 consists of: 60 perpent caleic oligoclase (An27), 20 percent horn- ;

blende, 15 percent biotite, 4 percent quartz, and 1 percent sphene, zircon,

orth te, and apatite. Specimen E 9 conteins: 50 percent calcic oligoclase «

(8bout An29), 25 percent biotite, 15 percent orthoclase, and 10 percent 4

quertz,

At locality E 7, & rusty-brown weathering biotite-bearing, gneissose

' "
Uartzite is underlain by granodioritic biotite gneiss. At locality E 8 is a 1

. |
“Opside-tremolite-andesine (Anjs) lime-silicate gneiss (E 8¢). It is associat- |

4 with a moderately cateclastic quartz dioritic biotite gneiss (E 8b) and a
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Ewusoge, phlogopite~bearing lime-silicate grenulite (E 8¢),

1dt Peak* (elev, 11,000)

Along the northeastern slope of Humboldt Peak over forty specimens of

gneiss, schist, lime-silicete rock, end quartzite were collected and studied.,

The writer made a collection of representative rock types between the 9800~-foot

our and the 11,000-foot contour at the peak. These rocks comprise the upper

portion of a thick layered metamorphic succession that is magnificently exposed

an east-facing precipice which descends nearly vertically for 2,000 feet

Humboldt Peak (Fig. 3b). In the lower half of the suceession studied, no

ataclastic rocks were found, end hence the succession described here includes

ks of the non-cataclastic portion of the Angel Lake unit. Seven mildly to

erately cataclastic specimens were collected in the upper portion of the
cession; they are associated with many non-cataclastic varieties.

Gneisses.-- The following types of gneiss were collected: gneissosge

granite (E 12, E 16, and E 20), gneissose carbonate

-bearing biotite diorite

15), weakly gneissose trondh jemite (E 22), tremolite-bearing quartzitic

esine gneiss (E 23), biotite-bearing quartz-dioritic hornblende gneiss (E

), garnet-besring leucogrenitic gneiss (E 31), and leucogranitiec gneiss (E

Gneissose granites are fine- to medium-grained end contain 48 to &0

‘ﬁ,cent microcline, 15 to 21 percent calciec oligoelase (averaging about An26),

20 to 30 percent quartz, 4 to 5 percent brown biotite, and trace of zircon.

ures are crystalloblastic, and myrmekitic end wicrogranophyric inter-

growths are common.

i Gneissose carbonate-bearing biotite diorite is fine-grained, and con-

f@ns about €7 percent sodic andesine (about An57), 17 percent green biétite,

percent calcite, and traces of Zircon, sphene, apatite, and chlorite. An-

Peak is not named on Halleck Quadrangle,

but elevation ig given,

L
e
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1 andesine grains comprise most of the rock, and theinterstitial areas

n mostly green biotite and calcite. Calecite locally forms delicate pro-

A

ections into andesine grains and appears to have replaced the latter. Bio=-

s pleochroic from pale green to dark green. Green biotite was not ob-

l

in non-carbonate-bearing granitic to dioritic rocks; and the reason for

biotite in this specimen may be due to the presence of some lime in the

h}gq&;g.mosaic conteining about 70 percent caicic oligoclase (ebout An28)’

nt quertz, 5 percent orthoclase, and 3 percent brown biotite, and a

- Biotite-bearing quartz dioritic hornblende gneiss is fine-grained,

-black, and resembles a biotite amphibolite in hend specimen. The

ection shows, however, that there is only 23 percent hornblende. Other
percentages are: calcic andesine (about Any,) 55 percent, 17 percent
:bggtité, 5 percent quartz, and traces of sphene, ;rthite, and apatite.
:2 ;iggnnvgrained, pale green-end-white, tremolite-bearing quartzitic ande-
gﬂg@gg‘gont&ins 45 percent quart,, 38 percent sodic andesine (ebout An58)’

[ percent tremolite. Tremolite is subhedral to euhedral and shows pre-

d @iieptation. Quaftz and andesine form a granoblastic mosaic.
Fine-grained garnet-bearing leucogranitic gneiss contains: 60 percent
ine, 28 percent quertz, 10 percent calcic oligoclase (An29), 2 percent
t, biotite, muscovite, and a trace of chlorite.
Unevenly fine- to medium-grained leucogranitic gneiss contains: 48
nt mibrocline, 28 percent quartz, 21 percent celcic oligoclase (An25),
percent biotite, and less than 1 percent wmuscovite. Myrmekitic intergrowths

'€ common, and where microcline porphyroblasts are ad jacent to the finer -

ed groundmass, & pseudo-cataclastic replacement texture has developed.
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! Quartzites and quartzitie schists.-- Four representetive quartzitiec rocks
|

ere collected from this succession. They are: feldspar-bearing quartzitie

ite schist (E 30), orthoclase~bearing quartzitic schist (E 34), andesine-

~gneissose quartzite (E 39), and gneissose biotite quartzite (E 41),

E .qunrtz comprises between 80 to 90 percent of these specimens. The

tz greins vary greatly in size, from a fraction of a millimeter to 3 mm,
oundaries are sharply irreguler but lack the sutures cheracteristic of cata-

stic quartz. The majority of the grains have a longer dimension along the

lane of foliation, but there is no pronounced lenticular structure., The quartz

18 in specimens E 30 and E 41 show = rather uniform optie orientation,

Biotite is elways present in amounts up to 11 percent (E 30). It is a

tto very'dark brown veriety, and gives some of these rocks their mega-

¢ schistose character.

Plagioclase ranges from sodic oligoclase -- Any g (E 41) to calecic en-

ine -- Anh7 (E 39), end is present in amounts up to 10 percent,
Microcline is present in specimens E 30, E 34, and E 41, in smounts less
1 2 percent, Muscovite occurs locally in very minor amounts,

Lime-gilicate gneiss.-—- A dark green, fine

-grained lime-silicete gneiss

9) consists of a crystalloblastic mosaic of about 33 percent diopside, 27

cent tremolite, 25 percent sodic labradorite, 14 percent quartz, and minor

ne. Diopside is anhedral and colorless in thin-section, and has an ex-

inction angle (Z:c¢) of 40 degrees. Tremolite is anhedral to euhedral, is

dlorless, and has en extinction angle (Z:c) of 19 degrees, The plagioclase

8 locally zoned. One grain has oscillatory, gradational, anhedral zoning with

1) & sodic labradorite core (An55), (2) an intermediate zone of calcic oligo-

ase (Anes), and (3) a sodic andesine rim_(An55).
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Mylonitic Succession

" The uppermost portion of the Angel Lake unit is composed primarily

truncation, by the Snow Water unit.

The upper mylonitic succession is estimated to be 100 to 3007 feet

ih their degree of superimposed cateclasis; they are compositionally

.similar to the less cataclastic, underlying rocks. Included in this

1ern portion of the "Secret Hills" between Secret and Ruby valleys.

tes derived from granitic to quartz dioritic gneisses

Bring mylonitic gneisses commonly weather orange-brown, black, grey, or

1lowish grey.

onitic rock. The base of this upper succession is not sharply defined

« The rocks in it differ from the lower portions of the Angel Leke unit

mylonitic succession are: grenitic to quertz dioritie mylonite, pegme-
mylonite, lime-silicate mylonite, mylonitic quartzite end quertzite schigt,
'banded chert-like mylonite, as well as some non-cataclastic pegmatite.

The beds in this mylonitic sequence are best exposed along the west

,%m.of the East Humboldt Range; in the Secret Creek gorge area; and in the

The mylonitic gneisses can often be distinguished megasgcopically from

?{_'non-cataclastic counterparts. The mafic-bearing mylonitic gneisses g

monly contain lenticular pods of feldspar which resemble augen; the folia-

on in the rocks is often streaky and "flows" around these pods. The mafic-

In the field, pegmatitic pods and lenses are locally seen wedging apart
' laminated structures of the mylonites. The contacts of these pegmatitioc
gls 8re often concordant to the cateclastic folietion of the overlying and

i&lying mylonites, and some of these concordant pegmatites show cataclasis;

these beds and the underlying "transitionel® succession grade impercept~

into one another. The mylonite succession is tectonically overlain, with

¥ have a more pronounced folistion ;» and are often platy or slabby. They
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Ltt.aome of the pegmetite contacts are discordant to, and cut across the cata-

clastic foliation of the adjecent mylonite (Fig. 17). These latter pegmetite
ré,dies show no cateclasis and are cleerly later than the main episode of mylone
itization. Thin-gections reveal similar relations between individual feldspar

greins and the cateaclastic groundmass., On the basis of these and other fee-

8, it appears that prior to, probably during, and definitely after myloni-
tioh, feldspathization was occuring.

The leucocratic mylonitic gneisses, and the less cataclastic mafic-
iing gneisses, can rarely, with certainty, be identified as mylonites in
field,

Quartz, potash feldspar, end plagioclase ere the most common constit-

t of these gneiss-derived mylonites. Brown biotite is frequently found
in the mafic-bearing varieties. Muscovite is present in leucocratic mylonites,

dote and orthite are occasionally present in small amounts, Apatite, sphene,

| zircon are common accessories. Chlorite, sericite, ksolin, and carbonates,

variously present in very minor amounts,

Textures.-- Basically, the texture of most of the gneiss-derived mylon-

¢ rocks is the same. Porphyroclasts of feldspar are embedded in a "flowing"

aclastic matrix of fine-greined quartz and feldspar and, generally, bio-
L4

©. The size and amount of the porphyroclasts vary, as do the grain sizes

the cotaclastic metrix. The rocks possess distinct flow structure marked

shredded biotite and streams of fine-grained quertz-feldspar mortar. These

streams flow around porphyroclasts and, as a result, the flow structure is

rather wevy. The grains in the mortar vary in size. Most of the grains are

between .003 and .3 mm. in diemeter. Porphyroclasts are most often feldsper

8nd are generally less than one-quarter inch in diemeter,

Mineralogy.-- Potash feldspar is a common constituent in these mylonites.

It occurs as large porphyroclasts (usually less than 4 mm.), and in the fine-

rained morter of the cataclastic groundmess, Microcline twinning and streasky




Fig. 17. Post-cataclastic pegmatite pod in e laminated biotite-

] feldsparequartz mylonite in the Secret Creek gorge ares,
- ®ssentially concordent to the cataclastic foliation of the
note the local discordance at the Brrow,

The pegmatite is
mylonite, but
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rthitic lamellee are occesionally present. Many erains are partially kao-

nized. Larger grains of potesh feldspar are seen to replace plagioclase 1ocal-

y  forming myrmekitic intergrowths. These intergrowths occur within, but

;?more comrmonly at the margins of the potash feldspar grains (Figs. 18 and

rlﬁ- Porphyroclasts of potash feldspar are crushed in places, and the fractures

re partielly heeled by recrystallized potash feldspar (F 35¢ and B 36a). In

cases, the porphyroclasts heve been split and the resulting fissures are

illed mostly with recrystallized quartz (A 9, A 46, A 53, and Ak6-74).

Plagioclase occurs as porphyroclasts or in myrmekite within eand mar-

inal to potash feldspar grains, or as part of the fine-grained cataclastic

ortar. Both oligoclase and eandesine are present, and their respective pre-

ence generally coincides with a granitic or a more quartz dioritic composition

q the specimen. Porphyroclasts are sub-angular to sub-rounded, and usually

re legs then 2 mn. in diemeter. Twinned, zoned crystals are quite common,

g@e grains have normal, gredational, anhedral zoning (A 49), others have oscile

8tory, gradational,anhedral zoning (DE 3), or oscillatory, sharp euhedrel

ing (F 44). Twinning lemellae may be straight (Fig. 21) er bent (Pig, 22).

n many specimens, the plagioclase porphyroclasts are fissured and filled with

quartz and/or potesh feldspar (M 11 and A 53)« Myrmekitic intergrowths of

lagioclase and quartz occur within potash feldspar grains (A 46-7d), but are

ore common et the margins of the grains,

It is difficult to ascertein whether

Ome

of the marginal myrmekites formed during and slightly after mylonitization,

I whether they are entirely pre-mylonitization (Fig. 18 and 19).

Quartz basicelly occurs in three textural tyres in the gneiss-derived

flonites. These are: (1) elongate, sutured, strained, cataclastic quartz,

) Vvery fine-greined cataclastic mortar quartz; and (3) late, non-

cataclastic
f@noblastic quartz, Many specimens contain all th

ree textural types. The

V;gate. sutured quertz often occurs as lenticles between very fine-grained

Artz morter, and also is commonly seen flowing

around feldsper porphyroclasts,




Fig. 18. Myrmekite at the margin of potash
feldspar in mylonitiec granitic gneiss in the

Angel Lake unit. Spec. B 35 (20 X magnifica-
tion crossed nicols),

- Fig. 19. Myrmekite at the mergin of potash
feldspar in a mylonitic granitic gneiss in the
Angel leke unit. Spec. B 42 (20 X umagnifica-
tion, crossed nicols).,




55

wo factors are suggested to aecount for the first two types of cateclestic

uartz: (1) The intensity of cetaclasis; and (2), the original ratio of quartz

o feldspar. It was noted that layers which are almost entirely made up of

quartz tend to form the elongate, sutured, strained and often uniformly orient-

d quartz graina, 1In immedietely adjecent areas which contain both quartz

nd feldspar, a fine-grained quartz-feldspar cateclastic mortar is commonly seen

Fig. 23). Hence, with the same intensity of deformation, quartz mortar and

ngate, sutured quaertz can apparently occur simulteneously, the type of deform-

n apparently depending upon the retio of quartz to feldspar., With increasg-

ng deformation, however, the quartz-flow ecan break down into mortar, es has

een noted in a group of quartzite mylonites at the base of the Snow Water unit
ig. 40).

Late granoblastic quartz is most commonly seen filling frectures in

)ldspar grains,

Biotite occurs in all of the mefic-bearing mylonites. The biotite is

|

ually highly shredded along shear planes. In some specimens it forms a

ntinuous hair-thin streak along these planes;

elsewhere, it occurs as minute

scontinuous flakes along shear planes. When mylonitization is extreme (A 9),

{%biotite forms a pulverized brownish "dugt® elong the sheer plenes., Bio-

te varies in color;

it is most often pleochroic from pale brown to brownish

8ck, Reddish-brown verieties are also common, Chloritization is very

Muscovite is only locally present in the mafic-bearing mylonites.

N present,

h

alteration product of biotite along

it is associated with minor magnetite streaks and appears to be

shear planes, It is usually larger

N the ad jecent biotite and is not shredded.

Epidote and orthite often occur in these gneiss-derived mylonites.




Fig. 20, Fractured microcline porphyroclast
healed by grenoblastic quartz in e granitic
gneiss mylonite., Microcline twinning is not
prominent in this position of the microscope

steges Spec. A 53 (20 X magnification, crossed
nicols),

Fig. 21. Relatively straight twinning la-
mellae in a sub-rounded porphyroclast in grano=-
dioritic gneiss mylonite. Spec. F 44 (20 X
magnification, crossed nicols),
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A 46-7e. (20

Figo 23.

streined,

in pegmatite-derived mylonite.
partially enclosed by potash feldspar,

two types of cateclestic quertzs
sutured quartz, end 2) cataclastic
morter of quartz end feldspar,
cation, crossed nicols),

57

Bent plagioclase twinning lamellae
Plagioclase is

Spec.
X magnification, crossed nicols).

Mylonitic pegmatitic gneiss showing

1) elongate,

(20 X magnifi-




Fig. 24, Elongate, strained, sutured quartz
flowing between feldapar porphyroclests in a

granitic mylonite. Spec. A 9 (20 X megnifica=
tion, crossed nicols),

Fige 25. Quartz in a very fine-grained
quartz-feldspar mortar flowing between feld-
spar porphyroclasts. Spec. A 9x (20 X megni-
fication, crossed nicols).
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2 less cataclasgtic specimen, epidote is intergranular and associated with

mﬁ@ite L R specimen (N-A 49) epidote with an orthite core is

Wé@rgranular, and some epidote in this specimen has partially replaced plagio~

lase. In another specimen (B 84b) orthite occurs as tiny euhedral crystals

long shear plenes.,

Green hornblende is present in gome medium-grained mylonitic amphibo-
;}'c rocks,
i;percent caleic oligoclasge

8 typical specimen of which contains about 35 percent hornblende,

(about An27), 15 percent quartz, 10 percent potagh

feldspar, and minor biotite, zircon, apatite, sphene, caleite and chlorite,

he horntlende occurs ag large porphyroclasts in a cataclastic matrix of quartz

nd feldspar, end also as lentioular slivers along shesr planes.

artzitic Mylonites

Most of the quartzitic mylonites in this portion of the Angel Lale

have a diatinctively laminated aprearance;

lly megascopically visible.

however, mice is only occasion-

The quartzite mylonites are platy to slabby and

re white to orange-brown or bleckish. They are vitreous to sub-vitreous, and

dightly transluecent to completely opaq&e on the thin edges.,

Some unusual
Arieties

resemble grey and blaeck banded cherts, and these are invariably ex-

.Qmely fine-grained ultramylonites, Tiny pods of feldspar are commonly pre-

Nt in all the quartzitic mylonites,

The quartz groundmass in these rocks is
wﬁanitic—appearing;

for no individual grains can be distinguished megascopi -

8lly, Under the wmicroscope, the longest dimension of the individuel graing

° 8%en to vary greatly, from less than ,004 my

« in the ultramylonites, to up

) 4 om, 4n the mylonites,

Thin-gections out parellel to the lineation and perpendicular to the

Efiness of the quertzite mylonites often show sutured, strained, uniformly
lented quartz grains, which are elongate in the direction of lineation, Hair-
dark shredded mieca layers often ares parallel or sub-parallel to the quartz




~ Fig. 26. TEpidote-bearing biotite gneiss before mylonitization.
te oriented, well-formed biotite laths. Spec. A 39 ( 57X magnifi-
on, pl&ne light)g

r Fig. 27. Epidote-bearing biotite gneiss after mylonitization,
Ole highly shredded biotite elong wavy shear plenes. Spec. B 8k4a
{ X magnification, plane light),
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d muscovite lenses occur. A systematic study of the optic orientation

Quartz is commonly

ite, strained, and highly sutured grains in these specimens, The

ily ecual dimension in different directionas has been converted into

'Cxﬁﬂele, end thet in the process of deformetion the orystalline in-

of the grein has been iost. In place of the original individuel

-

te has been produced, the constituents of which are more or less

onites; end (2) quartzites deep in the non-cataclastic succession of the

1 Leke unit show no sutured or highly strained grains, and often lack the

Orm optic orientation so commonly found in the presently described quart-
I
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es of the mylonitic succession (Fig, 31),

1

ime-silicate carbonate mylonites

Banded lime-silicate carbonate mylonites are commonly found inter-

dded in this uppermost Angel Lake succession., Some of these beds evidently

tectonically dragged along the top of the truncated Angel Lake succession

d apparently provided a lubricant during what is interpreted to be Precambrian

hrusting. These beds are often overfolded and contorted, and are comnonly

en sendwiched between the overlying Snow Water unit and the tectonicelly

iderlying Angel lake unit,

The lime

-silicate carbonate mylonites often weather grey, buff, or

range-brown, They are predominantly composed of a fine-grained to aphan-

itic calecite matrix which includes small porphyroclasts of individual sili-

ate minerals, as well as larger cataclastic fragments of hornblende gneisses,

-silicate granulites, quartzites, and other rocks. These ineclusions range

1 8ize from e fraction of a millimeter to several feet,

They occur as pods,

ayers, and lenses, and generally weather out in relief. The caleite often

Orms e very fine-greained mortar, and the nearly equi-dimensional individual

rains generally are less than «02 mn, in dismeter. The grain sizes are sub=-

tantially finer in more intensely mylonitiec varieties, and in some, the cal-

° cannot be resolved into individual greins even under high-power (280 X).

1 thess ultramylonitic specimens, the ecalcite appears as a étreaked, blurry

rown clouded mass. In many hand specimens, the matrix of these carbonate

ylonites superficially resembles = fine-grained to aphenitic limestone, often

icking any outward signdg of the intense deformation it has undergone,

The mineral ineclusions in the mylonites are sub-angular to sub-rounded

d include: diopside, plagioclase (calcic oligoclase to calecic labradorite),

‘tash feldsper,

hornblende, epidote, quartz, scepolite, biotite and sphene,




NON-CATACLASTIC QUARTZITE

Tremolite-hearing quartzite
from Robinson Leke area in
the Ruby Mountains (Q 11),

Pure quartzite from the

Hole-In-The-Mountain Peak
erea (L 8).

CATACLASTIC QUARTZITE

: Feldspar-porphyroclast Feldspar-bearing quartzite
' quartzite mylonite from the mylonite (B 35)., Feldspar
‘ : Secret Creek gorge area grains occupied the now=-void
‘ (B 36b), A black spots in the photograph,

Fig, 51. Comparison of the textures of
ions of the Angel Lake unit with the

itcession of the Angel Leke unit. All above are 20 X and under crossed
licolg,

quartzites in the lower
quartzites in the mylonitic




X Fig. 32.
| : ring carbonate mylonite in the mylonitic portion of the Angel Lake
. at locality in the Secret Creek gorge area., More resistant dark

i88ive layer above is a porphyroclastic biotite-feldspar-quartz
flonite. Outcrop here is ebout 7 feet high,

Looking north at west-overturned fold in lime-silicate




g8l Lale unit showing & streaked,
phyroclasts here are mostly quert
t, 57 X megnification),

Fig. 35. Lime-silicate=bearin
ke unit showing contorted mica in a ve

ec. E 71 (plene light, 150 X megnification).

Fig. 34, Lime-silicate bearing carbonate ultramylonite in the

fuzzy, clouded calcite groundmass,
z end feldspar. Spec. A 48 (plane

g carbonate mylonite in the Angel
ry fine-greined calcite morter,




8now Water Unit

Introduction

The Snow Water unit is about 10007
AN

feet fhick in the mapped eres and
is distinguished from the Angel Lake unit on the basis of itg distinctive

lithology. The unit is characterized by white quartzite; creem=colored and

t grey to medium derk grey carbonates; greyish orange to yellowish brown

L athering lime-silicate marbles;

‘g‘aream—colored pegmatite.

banded lime-silicate grenulites, and white

It typically lacks the many granitie to quartz

@ritic gneisses commonly found in the Angel Lake unit. The metemorphiec

*de of this succession may vary but much of it is warmest mesozone (upper
8]

art of the kyenite zone),

e
F

The unit is lesgs widely exposed than the Angel Lake unit. Good ex-

A

o8ures occur on "Clover Hill" in the northeastern portion of the area, in the
-

ecret Hills" between Ruby and Secret valleys, and on the southward project-

ridge of the East Humboldt Range east of Snow Water Lake,

The succession is, at least in part, in thrust contact with the Angel

i€ unit, end its base is often e white mylonitized quartzite. The under-
-‘

I’

ing Angel Lake unit is in places truncated

at the thrust plane., The Snow
iter unit itself is truncated at the overlying Mesozoie Seecret Creek thrust

Ane which has brought Paleozoic and lower Triassic formations over the rocks

- the metamorphic basement ,

As a result of this overlying truncation, the

Ow Water unit is quite probably not complete in this eres. Much greater

lcknesses are probably present in the Ruby Mountains south of the mapped

1y end therefore a more complete description of the Snow Water unit must

t future study.
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Southern East Humboldt Range

Lime-silicate granulites

Lime-silicate grenulites are common in the Snow Water unit along the

outhern East Humboldt ridge. Most of these granulites are thinly to thickly

fwared, and more resistant individual leyers often weather as protruding

es. The rocks generally weather in shades of buff, green, and orange-~
ﬁbun. The layers are not uncommonly wedged apert by large end small pegma-
lite pods and lenses (Fig. 35).

The minerelogy of the lime-silicate rocks varies greatly. One of the

L@t interesting specimens contains the following minerals: quartz, potash
Peldspar, celoic labradorits (about An65) phlogopite, actinolite (Zic = 14 de-
srees), diopside, (Z:c = 39 degrees), zoisite, grossularite?, cerbonate, zir-
on sphene,.apatiie, and tourmaline, This rock is a fine-grained banded
‘@ée-ailicate gneiss predominently composed of a xenoblastic mosaic of quartz
nd poteash feldspar, The banded nature of the rock is due to layers rich in
@gented phlogopite and actinolite andaprraciable accessory sphene. Zoi-

ite, grossularite?, and diopside are mostly poikiloblastic, enclosing quartz

nd feldspar grains of the groundmess. Some actinolite is unoriented and re-

laces diopside.

Massive lime-silicate granulites are occasionally present in this area.

ne unevenly fine- to medium-greined varisty is pale green and predominantly

omposed of diopside and tremolite. Other minerals present ere mieroecline,

\leic andesine (about An45), calcite, and accessory sphene and apatite.
Utual intergrowths of diopside and tremolite comprise over 90 percent of the
dck, and diopside itself wakes up about 60 percent. The diopside is color-
88 in thin-section end pale green in hend specimen. It is occasionally

Winned and has an extinction angle (Z:¢) of 38 degrees. Locally diopside is




Platy lime-silicete 1

Fig' 550
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variously enclosed in calcie endesine and also in carbonate,

The tremolite J‘M

“\‘
‘occurs as laths which occur at random throughout the specimen. Individual f
laths often cut across one another,

The tremolite is colorless to very faintly

green in thin-section and is pale green in hand specimen, It hes an extinetion /[
£

angle (Zic) of 17 degrees. Although called tremolite op the basig of itg I

!

|l

u }

often colorless nature in thin-section, its occasional faint greenish colors /

|
: Il
suggest that some iron ig locally present. About 3 percent of the rock is 1

grid-twinned microcline,

|
3 percent is calgie andesine, and 3 percent is cal- ped

[
The andesine locally contains small diopside inclusions, and is occasion- H‘

-8
cite.

ally sericitized.

I
Some calcite appears to be replacing diopside and andesine,
et

Another veriety of lime-gilicate granulite is particularly rich in
pidote. The rock is medium-greined

s containing megascopically vigible olive-

1llow epidote, dark green pyroxene,

and dark red garnet., Microscopic study

shows the following minerals and their approximate Percentages:

epidote (50

rcent), hedenbergite? (27 percent), grossularite?-andradite? (8 percent),

godic andesine~--about An55 (5 percent), uralite (4 percent), calcite (2 per-

i&nt), quartz (2 percent), scapolite (2 percent),

phlogOpite, sphene, apatite,

t
chlorite (together 1 percent)., The granulite is medium-grained and grano-

ﬂlastio. The epidote has anomolous first order interferencs colors in yellov-

ish greens and blues, and normal second order colors,

It has a 2V of about

degrees, and is probably an iron-bearing elinozoisite.

The hedenbergite?
1

18 pale green in thin-section end hag g meximum observed extinction angle (Z:e)

“i‘about 46 degrees. The grossularite-&ndradzte? is poikiloblastie., The

dic andesine (about An 5) locally shows gradational, anhedral zoning of un-

determined trend. The shape of the zoning pattern is often parallel to the

?hedral irregular outline of the crystal,

Uralite replaces hedenbergite?,

8 green to bluish green and has &n extinction engle (Zic) of 17 degrees.

Another lime-gilicate granulite is almost entirely composed of epidote,

i‘asularite?-andradite!, calcite, and quartz,

The rock ig medium- to coarse-
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ained and is both light green and pinkish red. Epidote is anhedral to sub-

sl and has anomalous interference colors of the first order eand normel

olors of the second order. It has & 2V of approximately 90 degrees. The
= is very pale red-orenge in thin-section end is poikiloblastic with in-

ons of epidote and calcite. Calcite is both primary and secondary,

- sionally replacing garnet and epidote. Quertz has undulatory extinction

-

id is concentrated in certain areas.

onate rocks

Marbles within the Snow Weter unit are quite common in the southern

jgg Humboldt ridge. They are white to buff, light to dark grey, fine- to

um-greined, both pure and impure, cateclastic and non-cataclestic., Some

ayers show banding and others are masgive,

Most of the marbles to be described are interbedded in the Snow Water

but one prominent layer of rether pure grey merble occurs directly be-

ufth the Secret Creek thrust plane in the southern East Humboldt Range. Its

lation to underlying members of the Snow Water unit is not fully known, though
. ,

¢%1s clearly truncated by the overlying thrust plane, and does appear to be
A

rt of the Snow ‘ater unit. Nevertheless, it is conceiveble that this layer

ld be & tectoniec sliver of Paleozoic marble sendwiched in the thrust zone,

% for this reason it is only tentatively mepped with the Snow Water unit.

Some other rather pure marbles near the Secret Creek thrust plane,

id which the writer has only tentatively mapped as Precambrien occur in

8ttered outcrops in the "Secret Hills", in the Secret Oreek-Dorsey Creek

98, on the west flank of the northern Ruby Mounteins end the East Humboldt

ge, and et "Clover Hill",

The pure non

-cataclastic marbles are often dolomitic, giving no effer-

8cence on the weathered surfeces and only slight effervescence on the fresh

ffaces. The weathered surfaces are slightly rough or gritty. 1In thin-

Ctior the greins are of rather uniform size averaging about 1 mm, in
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::M@ . They form en interlocking granoblastic mosaic, but individual

3 often have irregular rather then linear borders.

- A slightly impure bended marble is banded because of tiny scattered

Lic? perticles locallized along linear trends. The carbonete greins

s amounts.

;,, One interesting dark grey, fine-grained, xenoblastic dolomitic merble

are up to > incnes in diameter. The dark grey color of the rock is due

ny scattered grephite? particles which appear throughout the non-tremo-

¢ portion of the rock. Thin-sections cut perpendicular to the tremolite
rs show that recrystallizetion of carbonate accompanied the development
' tremolite. Tremolite occurs as well-developed colorless laths, end has

) extinction angle (Z:c) of 19 degrees.

Other impure merbles contain varying emounts of phlogopitet?, quartz,

.
s

sh feldspar, and zoned, untwinned plagioclase. Carbonate greins in some

5

* these specimens occasionally show weakly folded cleavege plenes and slight
cataclasis at their margins. All gradations exist between these weakly cata-
;Estic impure merbles end mylonitic varieties (Figa. 36 to 38),

i Impure carbonete mylonites are often medium dark grey, thinly banded,

&Avery fine-grained to aphanitic. They sometimes resemble plety argil-

4
¥

L& ceous limestones, for they often lack any outward evidence of deformation,

Bte amounts of quartz, potash feldspar, plagioclase, phlogopite?, sphene, and

Patite. The calcite in the aphenitic specimens is seen miecroscopically to

fi@‘n@n—cataclastic interlocking greanoblastic mosaic, and individual grains

re both irregular and linear bounderies., Phlogopite? and quertz are present.

s large radieting tremolite "suns" along isolated schistosity plenes. These

i
 detail, however, some locally show small scele recumbent folds, Thin-sections

that these rocks are compoged mostly of calcite (95 percent) with subordi-
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<~.; very fine-grained granulated mortar which flows around porphyroclasts of

artz end feldspar. The individual caleite grains average .012 mm, in diemeter,

gopite? is often folded. In a slightly coarser-grained variety the cal-

ains in the granulated matrix average ,02 mm. in diameter. Porphyro-

of quaertz, plagioclase, potash feldspar, phlogopite, muscovite, and eal-

range in size from ,12 to .8 mn, The larger feldspar grains are seen
copically in the specimens as small white "knots! Scattered graphite?
er opaque impurities are localized along some shear zones.

Some car-

mylonites show two sheer directions, one transverse to the other.

Quertzites are quite common in the Snow Water unit and several such

occur in this southern East Humboldt area. Some quartzites are quite

,Q@, some contain muscovite, others contain tremolite end white diopside,

d still others contain sodic plegioclase, The quartzites are white to light

rey, cataclastic and non-cataclastic, and slabby to massive, Generally the

flonitic quartzites are slabby. The quartzites are usuelly white in the field,

t locally weather to a rale yellow-orange. Some of the massive quartzites

'f.probably vein quartz, perhaps associated with the widespread pegmatite

odies. In these particular quartzites, the quartz shows no uniform optic

ﬂ%ntaticn, has highly irregular boundaries, and undulatory extinection. In-

inbly, scattered grains of sodic plagioclase and muscovite are present. The

fgioclase lacks cataclasis, is generally highly sericitized, and often occurs

| clusters of subhedral greins which transect the highly sutured quertz

8ing of the matrix. - The plagioclase lacks twinning, but has positive sign

4 rather low relief. It is probably either sodic oligoclese or albite.

The tremolite and diopside bearing quartzite is unevenly fine- to
liun-grained, but locally contains large white diopside crystals up to 4

tes in length.

Thin-sections of these large diopside crystals show local-
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NON-CATACLASTIC AND CATACLASTIC CARBONATE ROCKS IN THE

SNOW WATER UNIT

Figs. 36 to 38, Upper lefts granoblestic non-cetaclastiec marble,
nters moderately cataclastic cerbonate rock showing en early stage in
¢ development of celcite porporphyroclests and morter. Lower right:
fbonate mylonite consisting predominantly of a very fine-grained calcite
rter with a calcite porphyroclast in center. All above are under plane
t and magnification is 57 X.
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'{y'replacement by tremolite and occasional inclusions of quartz, potash
ﬁg,par, and carbonate. This white diopside is probably completely iron-free.
e quartz grains are irregular in size and shepe , are strained and have
regular to sutured bounderies (Fig. 39). In some specimens the quartz grains

¢ somewhat elongate, reaching & meximum length of 4 mm. The tremolite and

jopside are sub- to euhedral &nd almost completely lack any effects of defor-
tion (Figs 38). Diopside comprises 4 to 8 percent of the quertzite, is

lorless, locally twinned, hes an extinction angle (Zic) of 40 degrees and a

V between 80 end 88 degrees. Tremolite laths have an extinction angle (Z:c)
20 degrees and comprise about 1 to 2 percent of the rock. Carbonate is
esent in trace amounts, locally replacing diopside,

h Near the thrust plane which separates portions of the Snow Water unit
'ém the underlying Angel Lake unit, is a mass of white quartzite which is

trongly cetaclastic to mylonitic. The quartzite is blocky to slabby, white

1 color, and weathers locally to a pele yellow-orange, M-icroscOpically the
iartz is seen either as highly elongate grains, or as an extremely fine-
rained quartz mortar. The mortar has developed at the expense of the elongate

ng. The elongate grains show pronounced undulatory extinction, highly

utured bounderies, and are e maximum of 5 mm. in length. With the increas-
;?catﬁclasis the highly sutured boundaries between the elongate greins break
Wn into en extremely fine-grained mortar (Fig. 40). With further cataclasis
® elongate grains become narrower, breaking down into streams of mortar

ich flow around the remaining sutured quartz slivers. Locally occur very

8rrow transverse mortar-filled fractures. Some of these quartzite specimens
‘w}in small porphyroclasts of diopside and some minor muscovite, The cat-

asis has split some of the diopside grains, end the tiny fractures created

) filled with recrystallized quartz. The muscovite is shredded along its

gins,




1 Fig. 39. Micro-textures of the diopside and tremolite bearing
fiite quartzite in the 8now Water unit, Specimen K 15 collected at the

Test of the southern East Humboldt Renge (crossed nicols, 20X megnifi-
3 ion ) ®
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. 40, White cataclastic quartzite nesr the Horse Creek thrust
8ne at the base of the Snow Water unit at the head of Horse Creek,
te the development of quartz

mortar at the expense of the elongate,
“ured quartz grains. 8pec, K 20 (erossed nicols, 20 X magnificetion),
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.

"

These white quartzites provide data additional to the points earlier

ned regarding the age of the Snow Weter unit, The basic question is
her these quartzites are Precambrian or whether they are metamorphosed Pale-

¢ quertzites., If Paleozoig, they would almost need to be a metamorphosed

uivalent of the Ordovieian Bureka quartzite because of their distinctive

color and relatively small thickness. (The Eureka quartzite is the only

ively thin white quartzite in the Peleozoic succession of this region),

Since apparently no direct method to tell the age of & quertzite is
jown, textural end compositional comperisons were made. The writer compared

8nd specimens end thin-sectiong of Bureka

quartzite from both "Clover Hill"
nd 3 the

northern Egen Range with the Snoy Water quartzites,

The texturel differences are noticable in hand specimen (see section
n Eureka quartzite)}

but are best geen in thin-gection, The reader mey obe

these differences by comparing photomicrographs of the Snow Watef unit

m in Pigs. 39 and 40 with photomiorographa of the Ordovieien Eureka

.
18T

zites in Fig, 50,

. The Snow Water quartzite is also coupositionally quite different from
R

As previously mentioned, the Snow
artzite often containg varying amounts of muscovite,

die oligoclase,

Specimens of the Eureka quartzite, Heter

diopside, tremolite, end
The Bureka quartzite containe only quartsz.

The differences in the textures ang composition of these quartzitesg

Uggest to the writer that they are not the same unit, Since one of the units
 definitely the Ordovieian Burela quartzite,

it would seem likely that the oth-

Some very interesting phyllitic~appearing two-mica schists oceour on
) southern East Humboldt ridge but were not seen elsewhere in the area,

8¢ rocks are quite striking in the field because of the brilliant silvery,
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ky-like luster on foliation planes. One specimen studied contains ebout
%oent muscovite, 20 percent quartz, 20 percent potash feldspar, 3 percent
Litg’ and minor plagioclase, garnet, orthite, apatite, and tourmaline, The
k shows little ripples in hend specimen and these ere seen as smell-gcale
metric folds in the thin-section, The length of the mice grains does not
seed .8 mm. and the width ig 032 mm, or less., The quartz and feldspar grains
‘about .25 mm. in their maximum dimensions, In another specimen the mice
uch finer-grained, with a maximum length of .28 mm., and the quartz and
[dspar rerely exceed ,04 mm,

matites

8 The exposures on the southern ridge of the East Humboldt Range show
;£ of the distinctive lithologies of the Snow Weter unit. ‘he abundance of
'ge pegmatitic masses is a perticulerly impressive feature in this area,
ese masses vary greatly in size, but where relations are clear, they are

n to be essentially concordant masses, such as sills, pods, and lenses

1t appear to wedge apart layers of bended lime-silicate marbles and grami-
8. Locally, the pecmatite cuts across the foliation of the lime-silicate
8. The pegmatite is mostly white to cream-colored and is medium- to
Lse-grained. larger masses of the pegmatite often show intersecting shear
nes and fractures whose surfaces are often iron-stained and weather rusty
nge, dark brown, or black, Movement, if any, along most of these shears

| fractures is negligible. On the west side of the southern East Humboldt
ige, northwest of the Warm Springs Ranch, the pegmatite weathers into large
nded knobs which rise above the surrounding grasgs-covered slopes.

Microscopic study shows that the pegmatite varies greatly in its

iioclase-potash feldspar ratio., The pPlagioclase in the specimens studiéd

enerally sodic oligoclase (approximately Any,, optically negative, est,

85°), and sometimes makes UP &s much @s 90 percent of the rock, These
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articuler varieties are trondhjemitic pegmatites and contain about & percent

uartz, > percent muscovite, and 1 percent potash feldspar., Other varieties

e veriously richer in potash feldspar quartz, and muscovite. However; in

|1 the specimens studied in thisg area, sodic oligoclase exceeds potash feldg-

BT o

The individual grain sizes of the pegmatites vary greatly from a frac-

:@n‘of e millimeter to over 2 inches. Textures are crystalloblastic and

rains are all anhedral and have irregular boundaries, Perthitic intergrowths

' elbite in microcline are not uncomzon. Quartz elways has undulatory extinc-

A
AT

The crystalloblastic textures in some specimens show superimposed cat-

sis affecting the quartz and feldspar, One unusual specimen has narrow

hlorite veins locally filling small fractures and elsewhere appearing to re-

Tf@e feldspars. The chlorite isg pale green and occurs as radieting growths,

. hes normal first order grey interference colors,

llaneous

A fine-grained porphyroclastic pranitic mylonite was collected along

© ridge crest in this area but it probebly represents an ellochthonous

Arust mass and not part of the Snow Water unit.,
; :

Other relationships Suggesting thrusting within thig unit were noted

ﬁever&l localities, but detailed wapping and additional petrographie study

11 be necessary before definite conclusions can be made,

"Secret Hills" Area

In the "Secret Hills" between Secret Valley and Ruby Valley, the Snow

ler unit isg composed of several hundred feet of white, creem-colored, light

Y to bluish-grey cataclastic marble; white, cataclastic quartzite; and

te to cream-colored pegmatites. In the area of the Secret Creek gorge the

L is composed mostly of marble and white quertzite,

In the "Secret Hills", the Snow Weter unit is cheracterized by its




Large rounded

Hgo I"lao
looking west at the eest flank of the southern East Humboldt Range,

pegmetite lmobs in the Snow Water unit as

L

in banded lime~gilicate rocic in the

Pegmatite sill

Fig. 41b.
"W Water unit exposed on the crest of the southern East Humboldt Range.
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f;all whitish color. The unit is here thrust over the Angel Leke unit and is
erlain by Peleozoic rocks which are remnants of the Secret Creek thrust of
gozoic age. As a result of the thrusting at its base and éop, the unit as

:Eierved in this erea is mostly cataclastic, and lacking in the many non-cate-

Jastic lithologic types which occur in the southern East Humboldt Range.

partzites
E The quartzites in this area are mostly white to bluish~-grey and often

losely resemble some of the white quartzites in the southern East Humboldt

Some varieties contain oriented muscovite, and others contein diop=-

tremolite, and sodic oligoclase,

When these minerals are present, they
re oriented along distinct foliation plenes.

. The quartzités in this area show three types of cataclasis. The earlier
‘A

clesis is interpreted to be related to Precambrian thrusting, end has

sulted in elongate greins with sutured boundaries and strong undulatory ex-

inction. A second typve of cataclasis has been superimposed upon these earliét
eatures, probably during the much later, Mesozoic thrusting. This episode of
taclasis has microbrecciated and locally slickensided the earlier sheared

longate quartz. Angular fragments showing these earlier sheared quartz

ifures are now dislocated and scattered throughout a very fine-grained cata-
elastic quartz mortar;hence the rock has lost all directional tendencies.

is bregciation is not apparent in the hand specimen. The third type of

itaclasis is a megascopicelly visible brecciation, which is locaelized along
north-northwesterly trending high-angle fault in Pole Canyon, These mega-

eccias are occasionally iron-steined,

“‘,; tea

The carbonates in this area are mostly white, buff, light grey to
Aigh~grey, unevenly fine- to medium-greined cateclastic merbles, All of

© specimens collected are cataclastic, showing moderately cataclastic to
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tic textures. The carhonete grains have responded to deformation by

n-gliding, by bending of cleavage planes and twinning lemellae; and also

anulation of greins into a fine-grained morter, Porphyroclasts of car-

-

e surrounded by very fine-grained carbonate morter are commonly observed.

|1 greins in these cetaclastic marbles have highly‘irregular boundaries end

re completely eanhedral. Some specimens contain traces of such minerasls as

artz, diopside, tremolite, plegioclase and epidote. Some of the cataclastic

Jﬁbnatas described could possibly be slivers of Paleozoig marble along the

cret Oreek thrust zone (see p. 72).

ites

Pegmatite is not as widely exposed in the "Secret Hills" &s on the

hern East Humboldt ridge. Nevertheless, many scattered outcrops of it do
|

seur. Both non

-cataclastic and cataclastic verieties are present, The peg-

tes studies are medium- to coarse-grained and some contain more potash felds-

ir than those previously described. One non-cataclastic specimen, lacking
i

lea, contains microcline (70 percent); quartz (20 percent); caleic oligoclase,

bout Anps (10 percent). The mierocline is perthitic, has excellent grid and

rlsbed twinning, and contains inclusione of both quartz and oligoclase,

Uscovite ia present in some pegmatites in amounts up to 2 percent.
Secret Creek Gorge Area and Elsewhere

Members of the Snow Water unit are poorly exposed in the Secret Creek

Tge. Only occasional exposures of white quartzite and banded buff and grey

rble are seen. The unit in this aree is not differentiated from the Angel

ke unit on the eccompenying geologic map of the range,

On the west flank of the East Humboldt Renge, scattered patches of

Tbles and quartzites of what are probably portions of the Snow Water unit




&5
;@rosent. These patches were not individually mapped and are included
s Angel Lale unit on the accompanying geologic map,

At "Clover Hill" members of the Snow Water unit are also exposed .

with




STRUCTURAL FEATURES OF THE METAMORPHIC SUCCESSION

General Stetement

The structural features of the metamorphic succession in the East

Humboldt Renge and the northern Ruby Mountains record at least five phases

of deformation presumebly from Precambrian to late Cenozoic time. The four
"earlier phases described here affected the intérnal structure of the rocks
. themselves. Later phases of deformation broadly folded the eerlier deformed
beds, 2nd in the area of the East Humboldt Range, these rocks now form a huge
|.norther1y trending, doubly plunging enticline, The metemorphic succession in
' the northern Ruby Mountains forms essentially an east-dipping homocline,
The four earlier phases of deformation, which are mostly recorded es

small scnle features in the rocks, are now summarized in their historieal

setting:

1) The overall schistose character of tﬁe many meteamorphic rocks which
have not undergone later mechenical deformetion end cataclasis, is interpreted
to represent an earlier phase of regional synkinematic metamorphism, where

. penetrative deformation and recrystallization were occurring contemporaneously.,
2) Small scale internal structures in some of the schistose rocks in
the non-cataclastic portion of the Angel Lake unit indicate thet perhaps in

. the later stages of the first phase, folding occurred while the rocks were

| still in a state in which deformetion and recrystallization could occur con-
temporaneously.

3) The third phase of deformation probably in Precembrian time wes wide-
8pread low-angle thrusting. This thrusting mylonitized and folded a large

‘Portion of the previously metamorphosed rocks. The microscopic evidence for

this episode of thrusting has been described above. The Pirst part of the pre-
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chapter will deal with the megeacopic features of the thrusts within
xgkmetamqrphic succession,

‘ 4) A fourth phase of deformation brecciated end sheared some of the
“ﬁgnitic rocks which were previously formed in the third phase of deformation,
his fourth phase of deformation evidently oceurred during a mejor episode of
ich later, Mesozoic thrusting when Paleozoic and Early Triessic strata were

irust over the truncated layers of the metemorphic basement. The features of

5

this fourth phase of deformation are discussed under Mesozoie Structure.

5) Broad, large scale folding in late Cenozoic time (see Cenozoic

fiueture and History) represents enother phase of deformetion which effected
|

he metamorphic succession. In the East Humboldt Range the metemorphic rocks

w form & huge northerly trending elongate dome, whose gently inclined west-
‘$‘11mb strikingly conforms to the present topography, and whose 25 mile-
ng axis closely parallels the crest of the range. Slightly modifying this

-Qaall north-south-trending enticlinal structure are some rather broad trensg-

]
.‘“: 2 fOldS °

b

" In the northernmost Ruby Mountaing, the truncated metamorphic beds

neath the enticlinally folded Mesozoic thrust plane form essentially an east-
|

rd-dipping homosline,
. This section deals with &) the field evidence for thrusting within the

‘ 5l-rphic succession (third phase of deformation), end b) the broed folding

the succession.,

Thrusﬂing

Introduction

Two major low-angle thrustsocour within the metamorphic succession in
filet Humboldt Range. The lower thrust wes mapped within the Angel Lake

’a‘and apparently brings stretigraphically lower members of this unit over

t
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;;tigraphically higher members. The thrust is exposed at the highest peek
jﬁfe reange, end is appropriately nemed the Hole-In-The-Mountain Peak thrust.
he second thrust occurs higher in the succession and brings portions of the

ow Weter 'unit into thrust contact with the underlying Angel Leke unit. This
hrust is best exposed in the "Secret Hills"-Horse Creek ares and is appropri-
tely nemed the Horse Creek thrust,

L The structural reletion, if any, between these two thrusts is not known
, however, ere believed to be Precambrian in age, and unreleted to the much
#gr period of Mesozoic thrusting which has affected this area.

Presumebly minor thrusts within the succession have not been mapped
vidually. Relationships suggesting such minor thrusting are present in

) southern East Humboldt Range, from Hunneman Creek southwerd., These possible
ts, however, have been recognized mostly by the petrographic study of
icimens collected rether then on field relations which are often obscure.

ore detailed mapping combined with petrographic study would be helpful in under-
tanding the subordinate structures within the metemorphic succession in the

outhern East Humboldt Renge.

Hole-In-The-Mountain Peak Thrust
Thrusting within the Angel Lake unit is convinecingly displayed at and
ieer Hole-In-The-Mountain Peak*, This aree is particulerly well exposed, and
b;iacts are conspiecuous, '
Several ellochthonous masses of the Angel Leke unit occur in this ares,
‘E lergest at Hole-In-The-<Mountain Peak, A klippe occurs &t Peak 11111', and

fﬁ&rently another klippe occurs along the west-northwesterly trending ridge

ftween the two Eest Fork Boulder Creeks.,

This peak is the highest point in the renge, 11,078 feet above sea level. 1t
 probably the same peak that previously King (1878) called Mount Bonpland. It
88 later called Hole-In-The-Mountein Psak because of a very prominent hole that
curs in a trianguler shaped rock spire along the range crest just south of the
Sk itself. The opening is roughly 10 feet in diemeter, and was possibly form-
L by the differential weathering of a carbonste-rich pod surrounded by more re-
istant gneisses and gquartzitic rocks.
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The allochthonous mass st Hole-In-~The

-Mountain Peak is the most pro-

ent of the three. It ig roughly estimated to reach a thickness of 300 to

‘bfeet and cen be traced northward for about @ mile. It is a derk grey to

hornblende-bearing quartz dioritic biotite gneiass that truncetes the near
ontal layers and lenses of the underlying leucocratic-appearing "transi-

succession of the Angel lake unit. This truncation is so distinet, that

t can be observed from Starr Valley, 7 miles to the west. The thrust plane,

strikes roughly east-westerly and dips 5 to 20 degrees northward, trun-

tes not only neer-horizontal units in the lower plate but likewise cuts dia-

11y across near-horizontal beds in the upper plate (PFig, 42),

The dark biotite gneiss layer in the upper plate bears a striking

esemblance to the marker of biotite gneiss in the upper part of the non-cata-

tic succession of the Angel Leke unit, and they are possibly the same 1litho-

¢ unit,

The Peak 11,111! klippe lies 2 miles south of Hole-In-The-lountain Peak

ind forms the second highest peek in the renge., A klippe of hornblende-bearing

@nrtz dioritic biotite gneiss in here in thrust contact with the underlying

transition" succession of the Angel Lake wnit., The klippe has e trienguler

utline and is not -over 60 feet thick, The thrust plene hes a gentle north-

Westerly component of dip, and truncates near-horizontel layers and stringers

%&both upper and lower plates (Fig. 4z).
A probable klippe forms another peak about a mile west of Peak . 111".

his klippe was observed from & short distance but wes not visited; therefore the

lthology of the upper plate is not definitely known here. The klippe has a

ear -ghaped outline, is nearly a mile long end has en estimated meximum thick-

833 of 600 feet. It appears to 8it as an isoleted mess upon a ridge which

®scends northwestwerd from Peak 11,111 to Starr Valley. In contrast to the

a8t-westerly striking and southerly dipping layers of the ridge itself, the

Vers of the klippe are horizontal,
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PEAK 11,111¢

Note trunca=-
oth the ellochthonous gneiss and the

Angel Leke unit, Cataclastic:
» Lime-silicate car-
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Horse Oreek Thrust

The Horse Creek thrust is e major low-engle thrust which brings portions

the Snow Weter unit. into tectonic contact with the underlying, lithologically
be
gimilar, Angel Leke unit. The thrust sheet is exposed in the southern East

mboldt Range, in the "Secret Hills" between Ruby and Secret valleys, locally
1 the west flank of the Eest Humboldt Range, and at "Clover Hill" in the north-
stern corner the mapped area,

In the "Secret Hills" a discordence is present between the attitudes of
nt
A€ Snow dater unit and the tectonically underlying Angel leke unit. Both
o]

ower plate and upper plate successions in this area are predominantly cataclas-
-

ic, and an intensely mylonitic lime-silicate bearing carbonete unit is present
e

long the thrust zone. Previously described white quertzite mylonite is common-

ﬁ at the base of the Snow Water unit in this area.

‘.

' In the southern East Humboldt Range, whité quartzite mylonite is ex-
Lsed at the crest of the range near the head of Horse Creek. The thrust plane
hs not traced south of Wolverton Creek and more detailed work needs to be done

n this ares .

In the erea of the Secret Oreek gorge, the presence of the Horse Cresk
*frust is largely obscﬁred by the much leter, Mesgzoic Secret Creek thrust.
;e Secret Creek thrust locally utilizes the older thrust plane, and in places
runcates it. Only a few exposures of white mylonitic quartzite and mylonitic
y;ble of the Snow Water unit are seen bbtween the Mesozoic thrust plane and
e underlying Horse Creek thrust plene. In this area, as in the "Secret Hills}

e intensely mylonit@c lime-silicate bearing carbonate unit is exposed along

he thrust plene. This mylonitic unit is often highly eontorted and in several
Ocalities is overfolded to the west, indicating that the thrusting of the

Ow Water unit over the Angel Lake unit may have been from east to west. The

t is seemingly discordant to the eastward-dipping mylonite layers in the
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;%wlying Angel lake unit and epparently was dragged, folded, and severely
@@ﬂitized-along the Horse Creek thrust zone.

7E§gascopically the lime-silicate bearing carbonete mylonite can be des-

éé‘éybanded, fine-grained to aphenitic carbonate rock with numerous

:ens, pods, and lenses of other metamorphic rocks and minerals. These
jons often weather green or dirty orange brown. The carbonate matrix
weathers & light to dark medium grey, and might be mistaken for a lime-
The streamlined pods of impurities, end the large and small scale
ortions and overfolds, clearly shows the tectonic and metamorphic nature of
ks, Microscopic study reveals their mylonitic to ultramylonitic charac-
Fig. 44). The mylonitic portions consist of a granulated calcite mortar
;@geura in streams which flow around the numerous rock end mineral por-
hyroclasts. The calcite grains in the mortar roughly everage .016 mn. in dia-
eter. With increasing granulation the grains in the morter become smaller,
nd in the ultramyloniteg no individual greins can be distinguished under high
ower ( 280 X). In these uliremylonites the celcite appears as e brownish,
louded, fuzzy mass with some narrow derk streaks marking certain shear zones.
‘g minerals of the.ﬁﬁrphyroclasts found in these carbonate mylonites include

iopside, epidote, hornblende, plegioclase, scapolite, quartz, and poteash felds-

The Horse Creek thrust and the overlying Snow VWater unit in the Secret
reek gorge area, on the west flank of the Ruby-East Humboldt Range, and at
Clover Hill", is not shown on the eccompanying geologic meps. This is partly
dcause of the lack of continous exposures of the often thin to ebsent upper
lﬁte unit in these areas, and partly because time did not permit more detail-

| mepping.




Fig. 44, Photomic rographs
\lpure carbonate mylonite in the Angel Lak
Arust plene, Very fine-grained calcite is gseen in the lowe

f the photos, A portion of g large pod of & highly cataclastie quartz-

8 dsper~hornblende rock is seen in the upper three-fourths of the photos,
Pecimen B 85 ( 57 X magnification),

(plane 11
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Age of the Thrusting within the Metamorphic Succession M

Ik The two previously deseribed thruste within the metamorphic basement

ably are releted to mylonites found within both the Angel Lake and Snow

ter units. The age of the mylonitization, then,

would logically be the same
the age of thrusting, If this

is true and if al) mylonites belong to the
ame general episode of deformation,

the evidence at hand suggests that the

le~In-The-Mountain Peak thrust and the Horse Creek thrust are Precambrien

evidence suggests but doeg not prove a Precambrian age for the my-

tea and the thrusting within the basement succession:

1) 1¢ thrusting within the metamorphic sequence occurred during the

0
Lgode of Mesozoic thrusting, one might expect tectonie slices of the meta-

1¢ succession up in the overlying thrust Paleozoie succession. No sugh

1688 were observed anywhere,

. (2) Two ages and two types of cataclasis have been noted in rocks

{§wiatoly beneath the Mesozoigc thrust plane,

One type of cataclasis isg my -
iitization;

the other type is a superimposed later stage of shearing, brec-

ion, and occesional slickensiding, Details of these two stages of cata-

85is are discussed elsewhere, The suggestion is that the Precambriant

usting was g penetrative type of deformation, affecting a considerable
|

Lekness of metamorphic strata; and that the Mesozoie thrusting meinly

*&red and brecciated the earlier mylonites, whose beds are often truncated

the Mesozoic thrust plene,

(3) The episode of mylonitization was locally eccompanied by mild

ldspathization (Pigs 1) & Th isone

places eassentially consordant pegmatite

8 a8sgociated

with feldspathization locally cut across mylonite foliation,
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’igatlng thet the pegmatite is locally post-mylonitization. Paleozoic rocks ‘;

the upper plate of the Mesozoic Secret Oreek thrust lack any signs of

w;apathization, which might be expected if Mesozoic thrusting, myloniti- It

ion, and feldspathization were essentially contemporaneous. \

(4) The Secret Creek thrust mass rests upon and truncates members of W‘

th the Snow Water unit and the underlying Angel lake unit. Probably more

l,zooo feet of mylonitic and non-mylonitic members of the basement succession |

v.£§uneated at the thrust plane, which further suggests that the mylonites Il H
the basement succession were not the result of Mesozoic thruating. (The H’
ure of the upper surface of the metamorphic basement prior to Mesozoic ‘}1

ting is discussed in the next section). it |

Folding |
1118

‘The metamorphic succession in the East Humboldt Range forms an elong- ‘|‘

» enticline which is doubly plunging and which trends easentiglly north- ;}’M

The enticline reaches its culmination in the Hole~-In-The-Mountain Peak

fi
(1
where attitudes are very nearly horizontal(Fig. 45). The range signifi- [

y attains its highest elevations in this area. North of here the rocks ’

e an overall northerly cbmponent of dip with local reversals. These rever- |

‘ \
e visible west-southwest of Winchell Leke and also just south of Greys f
\

‘and reflect broad east-westerly trending trensverse folds which are super-

upon the overall anticlinal structure. To the south, along the crest fif

ridge which projects southerly from the southeast corner of the East i 1

mboldt mass, reversals of dip are also present. i

In the main Esst Humboldt mess, metamorphic leyers comprising the west- |

| limb of the anticlinal dome‘are in places slightly undulating, generally | ”U:

, |
intaining & 10~ to 30-degree dip westward. The long westward-sloping ridge }
8ts north of the west fork of Boulder Oreek nearly parallel the dip of the v

Amorphic layers (Fig. 46). Dip slopes occurring at the range front are




Fig. 45, Near~horizonté1 metamorphic layers

8t the crest of the East Humboldt Renge anticli
1€ northwest from Clover Valley,

in the Angel Leke
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The east-westerly trending folds which modify the major entieclinal

ture significantly have a distinct relation to the topographic outline
h

the western front of the range. Between East Fork Boulder and Herder creeks

gnounced embayment interrupts the normal northerly to northwesterly trend of
range front. The embayment is about 4 miles long and 2 miles deep., It

'a~ste essentially of Tortiary sedimentary and volcanic rocks overlain by

} vel-mentled pediment surface,

)

; The outline of the embayment parallels the strike of the metemorphie

8; and these strikes in the bedrock reflect a broad westerly plunging syn-

ne. The embayment is significantly deepest in the area of the synclinal

8. These features will be discussed further in the leter section on Ceno-
r.
¢ Structure and History.

The eastern limb of the anticline is truncated at the Mesozoic Seecret

sek thrust plane in the northern East Humboldt Renge, and where the limb is

mewhat better developed, it is not well exposed. For these reasons, the

@arn limb of the anticline is not as obvious as the western limb. Extensivo

2lation end pedimentation have eroded much of it in the central East Humboldt

1ge, and

B

widespread vegetation on the lower portions of the steep east

JP8

tend to conceal the easterly dipping units that do remain,

The erosion has encroached to and in places slightly beyond the anti-

1 8xis, and the most impressive rock exposures are at high elevations,

Urring along the steep faces just below the range crest, Looking west from

uer Valley the most prominent rocks form broad horizontel bands across the

Or cirque walls present at the heads of Lesch end Weeks creeks, Although

&a obvious as the western limb, the eastern limb is apparent by the

1tudes at a number of localities, Northeasterly dipping metamorphic rocks

* of the range crest occur on the west bank of Trout Creek; the north bank
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i

Jlover Creek;
-
ping rocks to the south include

e

and the northwest side of Angel Lake, Examples of easterly

those elong the north benk of Steels Creek
3t éast of the range front, and furtherraouth

above the head of Hunneman
eko

The Angel Lake unit in the mapped portion of the northern Ruby Mountaing
;; essentially an easter1y~dipping homocline,

b1

Between thig northern Ruby
in homoeline and the Bast Humboldt Renge antiocline is an obscurely defin-

lﬁorthvesterly trending syncline, end a northerly—trending high-angle fault

Eéh cuts both the be.sement rocks a

nd the overlying Permo-CarBoniferous form-

tions. The homoeline is best exposed in the Secret Creek gorge and in the

erly trending canyons entering into the gorge from the northe

rn Ruby
puntains,

Easterly dips here vary from 70 to 0 degrees, However, there are

gorge area, includ-
ing those which ape overfolded, are strongly cataclagtic and mylonitic, and

8re members of the upper mylonitic portion of the Angel Lake unit,

The upper surface of the metamorphic Buccession, prior to Cenozoic

doming, was apparently not underlain by & continuous single metamorphi e

10Tizon or layer which simply became bowed up. Evidence indicates that the

J fuccession was in part truncated prior to doming

¢ In the Angel Lake area, for
éxample,

&n overlying thrust plane that hag brought Permo-Oarboniferous rocks
into contact with the metamorphie basement,, truncates rocks of the eastern

limb of the now antielinally folded metamorphic 8equence., And ag mentioned, in
the western portion of Secret Oreek gorge eree, a gently westerly-dipping

, thrust gheet of Permo-Carboniferous roecks truncates the
it~

Predominantly eagterly- /
dipping metemorphic layers.,

[ |

|\
{ hetamorphic succession represents essentially 1) an ancient Precambrian erosion )
a8 |

rface, which originelly lay beneath an unconformably overlying Paleozoie




STRATIGRAPHY OF PALEOZOIC AND MESOZOIC ROCKS

General Statement

The Paleozoic and lower Mesozoic rocks in the northern Ruby Mounteins i

%ithe Best Humboldt Renge are in thrust contsct with a regionally metemorphos- fil}!

d higher-graede metamorphic basement regarded to be Precembrian in age; and W‘gl‘

owhere in the mapped aree is there a depositional contact present between the JM 1

tamorphic basement and the Paleozoic rocks. The Peleozoie and Mesozoic rocks

iderlying sole thrust. As & result of this subordinate thrusting, units are

‘ “‘\
ctonically eliminated and truncated, and others are repeated, The basgl ““W

irust plane cuts across stratigraphic units of both the underlying metemorphiec ‘w  |

srrane end the overlying Paleozoic formations. In tectonie contaect with this L

sl thrust plane are rocks ranging in age from Ordovieian to Lower Triaessic,

The Paleozoic and Mesozoic strata in the range are not &s widely dis- |

ﬁkuted as the regionally metamorphosed succession which constitutesthe mein i

|
b | { I I
ik of the mountain mess. Exposures of Paleogoic units are essentially limit- 1’ |

d to: the northeastern flank of the Bast Humboldt Range neer Wells; the south- ‘\iﬁ‘w
stern portion of "Clover Hill", and the two smeller hills immediately to W‘ﬂ

8outh; the Polar Star Mine area at the southeastern end of the East Humboldt

‘\\“
nge; the eastern flank of the northern Ruby Mounteins; the Secret Oreek gorge ‘ l

fee in the northern Ruby Mountaeins and the southwestern portion of the East i f
uboldt Range .

Tertiery and Quaternary deposits ocour mostly in the broad velleys ad-

1;ﬂt to the mountain mass. Pleistocens morainal deposits are found within

renge in many glaciated valleys. In several localities moreines extend 1'

'ghtly beyond the range flenks and into the broesd neighboring basins.
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PALEOZOIC-MESOZOIC

AGE
wer Triassic

| e em =

[ §11 n
’

fnsylvanian
ississippian

T - ms am ws

svonian

llurian? -Devonian

i
] - e aw ew

E
fdovician

vono ~Mississippian?

Upper Pogonip group?

STRATIGRAPHIC NOMENCLATURE

NAME

undifferentiated limestone and
shale

"Park City formation":
upper limestone member
carbonate and chert member
phosphatic member

lower limestone member
Arcturus formation

Ely limestone

Diamond Peak formation
Pilot "shale" 2797

CGuilmette formation

undil:'ferentiefed carbonates

Eureka quartzite
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Ordoviciean through Devonian Systems

| Lower and Middle Paleozoic strata occur south of Vells, in the south-
}%otn portion of “Clover Hill" and on the two smaller hills south of "Clover
@ﬁ',v These three southerly trending hills are 2 to 3 miles east of the north-
istern flank of the East Humboldt Range, Merriam (1940, p. 43) previously
ported Devonien fossils from two of these hills. Lower? and Middle Paleozoiec

nits are also present in the Polar Ster Mine area in the southern East Humboldt

: “»I'[_ ge .

Upper Portion of The Pogonip? Group
The lowest Paleozoic formation which can be definitely identified in
area is the distinctive white Bureke quertzite of Ordovieian age. It is
,%beed‘at "Clover Hill", It is underlain by a silicified, fractured, and
i{part brecciated, fine-grained unfossiliferous sandstone and quartzite which
8 locally dolomitie; and whieh may be a correlative of the ﬁppermost‘Pogonip
limestone" (named by King, 1878, Pe 187-195). This underlying quartzitic unit
8 about 25 feet thick. It is a very light grey to yellowish grey on a fresh
urface, but generally weathers a moderate reddish orange to brown, or light
live grey. It is best exposed on the west side of the southermost portion of
N%over Hill" where the unit shows bedding plenes which often weather orange
rown, and contrast égainst & yellowish grey-weathered background. The unit
‘@ been fractured, and not uncommonly very fine networks of orange-~-weathered
l1iceous veining are seen standing out elightly in relief. Isolated knobs
f the unit are preéent farther north. One prominent lknob occurs on the west-
T flank, about midway between the northern and southern ends of the hill,
8¢ the unit is coarsely brecciated, presumably due to thrusting at its base,
@ most fragments are over an inch in size (Fig. 49). Voids are present be-

sen fragments, but the fregments are firmly held together by secondary silica,




: Fig. 49, Brecciated Ordovicien? quartzite on the west flank of
Olover Hill®,




gy quartz crystals often coat the orangish-weathered quartzite fragments,

; knob is about 25 feet high and rests upon a fine-grained, thinly laminated,

§€um-dark bluish grey carbonate breccia.

The unit mey be a sandy member of the uppermost portion of the Ordo-
jcian Pogonip group, or perheps a lower division of the Eureke quartzite.

;ip (1942, p. 658) reported that near the top of the Pogonip in the southern

by Mountains there is 250 to 300 feet of fine-grained limy sandstone and

artzite., Kirk (1933, p. 50)'reported cross-bedded sandstone and brownish~

Jﬁhering seandy dolomite between the typical uppermost Pogonip limestone and

e typical cliff-forming vitreous white Eureka quartzite at Lone Mountain

8 miles northwest of Eureka).,

Other lower Paleozoic units which mey possibly be Pogonip equivalents

’ r at the northeast corner of "Clover Hill", end southeast of the Polar Star

in the southern East Humboldt Range .

In the "Clover Hill" locality is a small outcrop of an essentially

lagey, derk grey, fine-greined limestone with dusky yellow to greenish shaly

artings. No identifiable fossils were collected in it and its correlation is

Bsed upon lithology and is tentative., Another outcrop of a grey, more massive
L]

~ﬁ©ssiliférous limestone possibly belonging in the Pogonip group oceurs south-

of the first outcrop and imrediately east of a cement-encased spring.

In & structurally complex aree southwest of the Polar Star Mine, Paleo-

)ic units of possible Ordovician, possible Silurian, and rather definite

®Vonian ages ere present. They underlie & thrust slice of fusulinid-bearing

Wer Permian strata, The possible Ordovieian Pogonip rocks occur on the south

lde of a prominent southwesterly trending cenyon that lies about one mile

Utheast of the mein dump of the Polar Star Mine. The unit is composed of a

inly to thickly bedded, platy, medium dark grey to dark grey limestone, which

W8 greyish yellow to pale yvellowigh-brown shaly partings. These partings

® Occasionally hummoeky and show tiny gastropod cross-sections. The unit
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lithologically resembles members ip the upper Pogonip group in the Cherry Creek

ountains and in the northern Egan Range (Peter Migch and Bill Fritz, personal

omnunication), although thisg correlation ig tentative,

Bureks Quartzite

It isg white,
Thin-sectiong of the rock show that the smallest

‘}1ns are about .08 mm, in diemeter and the largest ebout o> mm, The average
i;n 8ize is estimated to be .35 mm, There is no interstitial cement;

rather,
quertz greins form e nearly equigranular moseic (Fig, 50),

.

The shapes of
® original grains have evidently been obscured by secondary qu

artz which heag

in optical continuity with them, The grains show an ebsence of, or very
i1d undulatory extinction,

White quartzite regarded to be Precambrian in age,

end which ig scatter-
i over the low

hills east of Secret Pess ig ea8ily confused with the Ordo-

lelan Eureks quartzite upon eursory examination,

Similarly, a vitreous quert-

ite in the Snow Water unit, located about a mile northwest of the Poler Star

ine in the southern East Humboldt Range, bears a superficial resemblance to

® Bureka quartzite. These two quartzites,

however, ectually are quite differ-

it from the Eureks quartzite in both hend specimen and thin-section,

The Snow Water quartzite in the Secret Pass ares is milky white and

8 dense, more °peque appearance than the Bureke quartzite, Even on fresh

8cture there are none of the tiny vitreous grains that are seen on the

°8h Bureks quartzite surface. In thin-section meny of the massive Snow
fter qQuartzites show several stages of cataclastig 8s evidenced by earlier

®ined, and sutured,

and sometimes elongate quartz grains which have been

Yerely microbrecciated (Pig. 64), Sometimes some of the sheared elongate
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EUREKA QUARTZITE

"Olover Hill“™

Northern Egan Range

Fig, 50. Similerity in the texture of the Ordovicien Eureka
llertzite exposed at "Clover Hill" and the Bureke quartzite in the

Orthern Egen Renge, south of the town of Cherry Creek (collected by
Bl Fritz), Crossed nicols, 57 X megnification,




v succession which forms the core of the hill,

ieally, the roeks are massive to flaggy, medium derk to derk grey,

'+ The flaggy beds show mottled argillaceous partings which

110

tz grains are faintly vieible in the hend specimen as fine milky streaks.

r specimens of Snow Water quartzite east of Secret Pass are not massive,

, ere schistose and platy., They are inveriebly mylonitie and cannot be gon-

d with the non-schistose Eureke quartzite.

The messive quartz rock which is about a mile northwest of the Polar

r Mine is white to medium grey, relatively translucent, and highly vitreous.

athers into whitish smooth-surfaced boulders with rounded edges. The

t 18 unevenly fine-greined to rather coarse-grained, with some grains ex-

ding 7 mm. It is interpreted to be & large body of vein quartz, only super-

ially resembling the Eureks quartzite., In thin-section, scattered tiny non-

nted muscovite inclusions are seen in meny individuel quartz grains, and upon

examination in the field, very coarse-grained crystels of microecline are

811y encountered. Texturally, the grains show highly irregular boundaries

pronounced unduletory extinetion and micro-fracturing.,
B

~ Silurien(?) and Lower Devonian Strate, and the Guilmette Formation

4 "Clover Hill" Area
' At the southern and of "Clover Hill", fossiliferous strata of probable

ian age, tectonically overlie the Ordovician E;}pka quartzite. The Paleo~

¢ rocks in this area are in basal thrust contact with the metamorphic bese-

Probably as a result of the
sting, the attitudes of units in the upper plete are not congistant, and

limestones have been severely brecciated. Poor fossil material eollected

388ts & probable Devonian age for most of the limestones here. Litho-

fine~

ned limestones. The messive limestones weather a light to medium:light

weather grey-

llow to dark yellowish orange. Fossil hash is occasionally exposed on

shaly partings. Thinly laminated, pale yvellowish brown weathering, dark
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to greyish black, fine-grained dolomite is also present,

Most of the fossil material was collected at two localities,

N 7 near
ne southern tip of the hill, and g 30 near the base of the hill etout a

serter mile_northweat. These localitieg are shown-on Map No, 1, Williem H,
féton of the University of Southern Oaliformis identified the coll

ections. He
En}rted trepostome bryozoans or
g

Oladogora? SPes and stromatoporoida? from G 30,

1d at N 7 an assemblege of trepostome bryozoang?

» 8trometoporoids? or cal-
%;oua alga

s crinoid ossicles, celcareous algae, conetid ang strophomenoid

rachiopods. A conulariq resembling

Stylioline of Devoniap age (identified by
8 writer) was collected about three-quarters of a mile northof N 7,

Definite middle or upper Devonian* gtrata occurs about

one=half mile
outh of locality N7,

and very near the northern tip of o second isolated hil}

et lies between Schoer and Ralph creeks, This Devonian locality hasg been

s Pe 45)-
f Siemon Muller of Stanford University at this

eviously reported by Merriam (1940 He states that & collection made

locality "north of the north-
18t corner of the Halleck quadrangle containg

irifer engelmnanni, ang abundant Atrypas,

irifer argentarius zZone of the Devilg Gate

Spirifer cf, 8rgentarius, possible
1t probably represents the

formation®, Collectionsg made here

included Atgzga (£ el 138 missouriensisg end Spirifer
sentarius (identifieq by Easton), ang Atrypa

ef'. nevadana (identified by
] iﬂl‘ ) °

this writer (locality D 30)

Some of the limestone at this locality is & magsive derk grey,

fine-
Hned variety,

whereas other Specimens have a clayey feel, and are colored
thin pale red to pale purple

-red, and light medium grey alternating bands,
® 80i] in this area is often reddigh in célor, and the coloration in the
ks may be the result of hydrotherme] ection al

ong a high angle fault plane
the west side of the hill,

Recent regional studies (Brooks, 1954; Osmond, 1954; Roberts, 1956)

,Fending upon the age of the
[

Spirifer

argentarius faung -- see

Nolan, 1956,




ye extended the western Utah Devonian terminology (Sevy, Simonson » and
ilmette) into eastern Nevaeda. This writer eccepts this terminology and
rrelates the Devonien strate et locality D 30 with the Guilmette formation

amed by Nolan, 1530, pp. 421-432),

g The rocks south of locality D 30 are unfossiliferous end form the main

lief of the hill., There are several feults in the succession, and a suspect-
| fault trends east-westerly, between the fossiliferous subsidiary knoll at

30 and the main mess of the hill to the south. On the southern flank of the
11, light grey to very light grey weathering, relatively smooth-gurfaced,
e-greined dolomite occurs, in addition to darker grey verieties., The dolo-
tic character of the rocks suggest correlation with part of the 8ilurian
:ntown dolomite, and/or earlier Devonian dolomites of the Sevy or Simonson
‘;Jtiona.

r Upper Devonian strata are exposed on & small isolated third hill that
®s between Winchell and Renshaw creeks, about 2 miles south~southwest of
?1ity D 30. The succession has been locally faulted but maintains & south-
sterly dip. The writer collected Amphipora? sp. (of Middle to Upper Devon-
n age) from medium grey weathering, fine-grained dark grey iimestone. In a

k grey weathering, greyish black aphanitic limestone, gome rhynchonellid
;@piriferoid brachiopods and a tiny coiled gestropod were found. This hill
‘ﬁhe "Humboldt School" locality (Merriam, 1940, p. 43) where Muller collected

ftospirifer portae and productelles, which Merriem reports to be of Upper

"ls Gate (Upper Devonian) age. This writer correlates these rocks with the

ilnette Pormation.

Polar Star Mine Area
Probable Devonian strata occurs in the structurally complex Polar Star
'® &rea in the southern portion of the East Humboldt Range. Some of the

obab]e Devonian rocks here are finer-grained apparently recrystallized or
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arbleized" limestones, whieh in pleces are contorted,

od with other 8trata, gome

wever, at two localities a few
ocality G 27 (Map No,
wi\ Mine ]

and on the game hilj es the ming, Amphipora? sp, (identified by

&s medium daprk grey,

ston) occurs here in a medium grey weatherin
lmestone ,

fine-grained
The hill jg covered by prospect pi

ts; ang scattered small intry-

~grained dike roek are also present,
13 lies about 1% mi

On8 of a greyigh yellow-green, fine

Locality o-

8 mine &rea., Prom a somewhat mottled yellowish
|

grey weathered,
ne~grained limestone,

Eeston hag identirieq Cladopora? 8Pes trepostome
Yozoang, etromat0poroids1, and a brachiopod ¢ross-gseetion,

Lithologically, the Lower? to Middle Pa) i

mposed of both limestone

and dolomite, Some of which ig recrystallized ang
ided ,

Most of the rocks are light to medium dark grey.
‘gotiea,

Some dolomitig
however,

weather a dark yellowish brown,

and otherg a yellowish
Specimens are aphanitic to coarse-grajned

)\

» but most are fine-grained.

the Lower? and
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ijddle Peleozoic rocks are structurally complicated, end smell sills end dikes
g!dark greenish igneous rock locally intrude the succession. In the first

arge transverse saddle area (near locality 0-13), lying about one-half mile

orth of the southern end of the ridge, an unusuel grey limestone ogcurs

yhich has & lustrous "marbleized" appeearance. Scattered throughout its medium
ﬁ?k-grey, fine-grained calcite matrix are both elongate and rounded irregular-
haped erees of fine-grained white calcite. These white blobs are almost

e ainly recrystellized fossils, elthough ell internal organiec structure

as been lost. The blobs vary in size, the elongate varieties being generally

less than one-tenth.inch wide and less then three-quarters inch long. Easton

sgarded these elongate forms as badly altered trepostomes. The rounded irreg-

ular-shaped blobs ere lerger in size, generally not exceeding 3 inehes in length
wg,an inch in width., Easton thought some of these may be eltered stromatopo-
égda. From a less altered, previouysly descriqu limestone in this general
ares., Beston identified Cladopora? sp.

The “mafbleized" limestone of this saddle area strikes transversely

0 the south-southeasterly trend of the ridge, and dips are steep. Locally

occur internal small-scale folds. In contrast, north-northwesterly elong the

idge crest are light grey to dark yellowish brown, unfossiliferousdolomites

nd limestones whose strike is roughly perpendiculer to the "marbleized"
limsetones,

The combined thickness of the Ordovieien through Devonian sequence in
he East Humboldt Renge is unknown. At present it is not known how much, if
y, of the lower Paleozoic rocks in the "Clover Hill" eree succession to the
orth is dupliceted in the Polar Star succession, A rough estimate of the

ombined thickness of the Lower end Middle Paleozoic rocks preserved in the

0rthern area is 400 to 800 feet. In the Polar Star area is an estimeted

00 to 500 feet. This is far less than lmown normel thicknesses of Ordovician




Highest Devonian ang Basalt Mississippian

Pilot "Shale"19¢

Overlying the Guilmette limestone at the Previously mentioned "Humboldt
chool™ loecality on the east gide of Clover Valley, are gentle talus slopes
earing evidence of a dominently clastie successi

On consisting of o moderate

eddish brown weathering, ~grained sandstone;

fine- to very coarsge platy
ellowish grey ang olive grey

siltstone; ang light brown weathering, yellowish

The upper Devils Gate formation as described
0 the southern Ruby Mountaing (Sharp, 1940, p,

666) is also a probable corre-
ative of the Pilot shale,

Mississippiah System

Diamond Peak Formation

¢
.

"ue, 1883, p. 253, 268), Probably in part equivalent to the
nka formation, a neme recently given 4o section of chert-pebble conglomerate




e

i

ther shades. They are sub-anguler to sub-rounded. In

 hue but are generelly brownisgh,
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d quertzite with calcareous interbeds in the Elko region (Dott, Jr., 1956,
o2%2), Dott proposed the Tonka as a local name and, also, tentatively

orrelated it with the Diamond Peak quartzite (p. 2233),

The age of the Diemond Peak formation* at Eureka, as most recently re-

.rted by Nolan (1956, p. 60-61), is upper Mississippian, with the possibility
1at the uppermost part of the formetion may in some pleces be early Pennsyl-
anian. Dott likewise suggested that his Diamond Peak-equivalent Tonka form-
tion includes both Mississippian and early Pennsylvanien strate. In the East

imboldt Range, fossils were not found in the Diamond Peak formation. There-

ore, although the overlying Ely limestone contains a rich lower Pennsylvanian
semblage, no conclusions can be drewn 8s to the exact position of the Miss~

sippian-Pennsylvanian boundery in this erea.,

The formation is often weathered a dark to moderate reddish brown.

e colors of the individual chert and quertzite pebbles and granules in the
Nglomerates are highly variable. They renge from white to black, moderate

) dusky red, greyish to pale red-purple, moderate to pale blue green, and still

addition to the con-

iomeratic portions there are quartzite, siltstone, and limestone members.

limestones are grey end fine-grained, and are interbedded with conglomerate

d quartzite near the upper boundary of the formation, The quartzites vary

They are fine-grained, moderately vitreous,

well indurated. The siltstones observed were silicic, massive, and light

insh-olive-brown.

The formation outerops on the northeastern flank of the East Humboldt
1ge, north of Angel Lake; in the northwest Secret Valley area at the head

the unnamed southerly flowing creek between Dry Creek and Dorsey Oreek;

on

6; term formetion is more eppropriate then quartzite, See Nolen , 1956,
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he northwest side of Dorsey Creek; end on the steep slopes rising above the

outh fork of Reed Creek in the southwest portion of the East Humboldt Range.

‘distinctive pale red-purple colored variety of the conglomerate occurs in

gouthwest portion of the East Humboldt Range, south of Reed Creek,

In all of these localities the formation is in thrust contact with the

high-grade metamorphic basement. The stretigraphic relations therefore, be-

tween the Diamond Peak formetion and the previously discussed older Paleozoie

ﬂfmations in the Esst Humboldt Renge area are not known.
| The meximum thickness of Diemond Peak strate in the aree is a roughly

stimeted 500 feet., This, of course, does not represent the original thickness

resumably deposited here in view of the tectonic truncation of the formation
it its base. The formation is stratigraphically overlein in some arees by

‘ﬁﬁ Ely limestone. In other localities it is tectonically overlain by thrust

By
lices of the fusulinid-bearing Permian Arcturus formation,

158

Pennsylvenian System

Ely Limestone

fi v

ntroduction

f The Ely limestone outcrops in the northeast portion of the East Humboldt
inge, on the west flank of the southern East Humboldt Renge, on the east flenk

£ the northern Ruby Mountains, and in the southwestern poftion of the East

Umboldt Renge north of the Secret Creek gorge.

Lithologiecally, the rocks are mostly light olive grey to dark grey,

ine- to medium-grained limestones which weather light to medium grey. Some

arieties weather yellowish grey to greyish yellow. The limestones are typi-

y
\lly maesive and are ridge-forming. Olive grey to greyish bleck chert lenses

4 nodules are particularly common in the lower pert of the succession, Some

ds containing both chert end limestone pebbles end cobbles in a limestone
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matrix occur in the lower portion of the succession, and some 25 to 50 foot

thicknesses of orange-brown westhering chert granule and pebble conglomerates

occur relatively higher in the section.

@bwer portion

The lower portion of the Pennsylvenian succession conteins massive

light grey-weathering cliff-forming limestone which vields a fauna whieh

*

W, H. Easton identified as "probably lower Pennsylvenian, (equivalent to) the

118

lower third of the Ely limestone", On this basis and on epparent lithologic

s

similarity the succession is correlated with the Ely limestone (defined by

Spencer, 1917, pp. 26, 27).
ﬂ

The contact of the Ely limestone with the underlying Diamond Peak

4

formetion is transitional. Beneeth the massive Ely limestone is roughly 50

;aet of interbedded limestone, quertzite, and conglomerate before the more

uni form quertzite end conglomerete of the Dimmond Peak formation is encount-

red .

Fairly good fossil collections in the lower Ely limestone were made in
the southwestern Eest Humboldt Range north of the Secret Creelk gorge. Near

he peak of the hill (elevetion 7908) between the gorge and Dorsey Creek

(localities A 27, K 51, K 52, end X 53 on Map Né. 2), the following fossils

Were collected:
[)

Cleiothyridina orbicularis, Composita 8p.y Dictyoclostus sp., D+ hermo=~

r

fenug, D, of. D. hermosanus, Echinoconchus 8pe, Linoproductus sp., Merginifera

8s M. migsouriensis, Marginifera aff, M. wabashensis, Neospirifer ef. N,

Ei-licatus, and Schizophoria ecf. S. resupinoides. Corals include Triglo-

3‘11ites 8pe, and Lophophyllidium? sp. Bryzoens found ars

Tabuligora cf'. T,

Also present ere crinoid ossicles.,

Ertonaria and Rhombopora Sp.

Additional collections from Lower Pennsylvanian strate were made on the

ldes north of Dorsey Creek. From localities F 54 end F 55 came the following '
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- Cleiothyridina orbicularis,

Compogita 8Dy Dictyoclostus emericanus,

gtyoclostus ef. D, hermosanus, D. hermosanus, Dictyoclostus cf. inflatus,

styoclostus portlockianus, Echinochonchus,

Marginifera of. M. muricatina,
ospirifer sp.; Chaetetes sp. (Fig. 51),

Syringopora sp., Triplophyllites 8D
] trepostome bryozocans,

On the west end of the same ridge, at locality R 5, were: Cleio-

ﬁ*dina orbiculeris, Composita sp.,

Hustedia ¢f, miseri, Marginifera missour=

18is, Orbiculoidea sp., Punctoapiiifer campestris,

Rhipidomella sp.; Caninia

, Triplophyllites sp.; and trepostome bryozoens,

In the northeestern Eagt Humboldt Range,

one-half mile north-northeast

ngel Lake (locallty A 56 on Mep, No, 1), an isolated ledge of steeply

ying Ely limestone yielded: Cleiothyridina orbiculeris,

Dictyoclostus 8Dy

Marginifera cf. M. haydenesis, Marginifera

Neospirifer n, 8p., Neospirifer triplicatus,

ia mormoni, Linoproductus 8Dey

end Triplophyllites
At enother good lower Pennsylvanian locality (N 16) in this ares was:

thyridina orbicularis, Composita sp.,

Derbye sp., Dictyoeclostus? 8Dey

ginifera cf. M. murieatina,

Neospirifer sp.; a pectinoid; Triplophyllites?

i and trepostome bryozoans.,

South of the Secret Creek gorge on the east flank of the northern

y Mountains, are numeroug outerops of Pennsylvanian and Permien strata. The

nsylvanian rocks override the metamorphic basement along an easterly dipping

L thrust plene. Lower Permian strata in turn are thrust over the Penn-

venien rocks. This thrust Pennsylvanian-Permian section forms a series of

linent, though subsidiary, southerly trending hills for about 5 miles down

eaat flenk of the Ruby Mountains., The hills rise about 1200 feet above the

‘;ﬁboring valleys, and are topographically separated from the metemorphic

asion by & series of pronounced saddles, Permian strata form most of the

fﬂcing 510pes of these hills, and the Pennsylvanian units outcrop essent=-




pebble conglom-

ridge north of Dorsey

Chaetetes sp, in & chert and limestone
imestone at locality F 55 on the

Fig. 51,

in the Ely

ate
;Sk.




121
r in 2 belt between the Permian and the metemorphic basement,
Pennsylvenian strate here vary in age from Lower Pennsylvenian to

Je Virgilian. A wide renge of Pennsylvanian strate is thus present; but
gting within, beneath, end above the sequence made it impossible to arrive
 origina1 thickness. The fossiliferous Lower Pennsylvenian strata occurs .

northernmost peek of these southerly trending hills (locality S 27 on
0. 3). The following Lower Pennsylvanien species were collected: Dictyo-

tus sp., Dictyoclostus cf. D. americanus, Dictyoeclostus hermosanus, D. cf.

yrmosenus, Linoproductus? sp., Punctospirifer cf. P. kentuckiensis, Spiri-

opimus; and trepostome bryozoans,

ortion

Relatively younger Pennsylvanian strata ocecur north-northeast of Angel
y stratigraphically above the previously mentioned lower Ely limestone at
lity A 56. The interval between the two localities is partially covered by
ainal materiel. The relatively younger rocks occur et locality N 11 (Map No,
ind lie on the north side and near the end of & northeast-trending ridge.
anality lies roughly 2200 feet northeast of A 56, Confusingly, at the
ﬁ near the northeastern end of the ridge is an overlying thrust remmant of
ardian limestone. Hence, walking from the ridge crest down the northwest
» to locality N11 one passes abruptly from fusulinid-bearing Leonardian
ite to Pennsylvanian limestone. The fauna collected at N11 includes: Com-

ite sp., Dictyoclostus sp., Dictyoclostus ef. D+ portlockianus, Orbiculoidea

 Punctospirifer cf. P. cempestris, Schizophoria sp., Wellerella cf. osagen=-

& gastropod; and crinoid ossicles.

Younger Pennsylvanian rocks were also found on the west flank of the
hern Eagt Humboldt Range. In this area are ridge~forming, sometimes cherty
lum derk grey limestones interbedded with occasional layers of orange brown

pebble and granule conglomerates., At locelities F 31 and F 32 (Mep No. 4)
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ig & westerly trending ridge, the following fossils were found:

Dictyo-

gtus portlockianus, Composite sp., lerge unidentified preductids, pectinoids,

estelle sp., and trepostome bryozoans. W. H. Eeston designated both this

lection and the aforementioned N 11 assemblage as Pennsylvanian. Easton

ted, presumably in partiel reference to these 10cali£ies, that the large pro=

tids were not familiar to him, ‘and that "we did not find (any of these pro-

j&dé) in the Pennsylvanian strata around Ely,

Moreover, Dictyoclostus port-

ﬁfanus ses is a long-ranging productid that is more characteristic of Middle

Upper Pennsylvenian than it is of Lower Pennsylvanian strate such as occur

$
und Ely. In view of these things, I have a suspicion that some of the Penn-

venian in your area may be higher than we have encountered heretofore in
t
ade" .

Although fusulinids were not encountered at localities N11 y F 31 and
5 which would give a precise Pennsylvanian age for these particular rocks,

@ fusulinids were found in Pennsylvenien strate in the earlier mentioned hills

t extend down the east flank of the northern Ruby Mountains. In these areasg

' presence of Middle and Late Pennsylvanian strata ig firmly established a-

t 1% miles southwest of Secret Pras (BM 6465), at locality S 19 (Map No, 3).

ald Marrall of the Union 0il Company of California identified Fusuline sp.

 Bartremelle sp. He dated these as Desmoinesian (good*),

About 13 miles south of S 19 in the same belt of probably internally

usted Pennsylvanien strata, Triticites sp. of the lower Virgilian Series (fair)

4 Triticites 8p. of the middle Virgilian Serias_(good) were found et
3

1iity 8 7a.

Mr, Marrall graded all of his fusulinid datings variously as "good, fair
Poor®, These ratings will be mentioned along with his determinations for
 benefit of the reader. Marrall stated that the determinations "marked good
ke very much, the ones merked fair are fairly definite, and the ones

"90 poor resemble forms from the 8ge given more than any other age",




123

. Mege-fossils were collected at A 40, g 6, and 8 9,

From A 40 came

mbopora cf. R, lepidodendroides;

from § 6; Dictyoelostus o, D. americanus
* =+ 2Wmericanus
| Fenestella sp.; ?rom § 9,

f; 1 .
“

Fenestella 8P+y & rhychonellid brachiopod and s
Easton designated all of these collections ag probably Pennsylvanian,

Correlation of the Virgilian strata in this area with established eagt-

atral Nevada nomenclature is not possible, for no Late Pennsylvanian strata~-
l“e knowledge of this Writer--has been foy
1

nd in the general Ely-Enrska're-
on. In the Ely district,

Spencer, (1917, P« 27-8) reported Fusulina cylin-

rica and Fusulina elongata? in the Ely limestone, indicating an upper Middle

mnsylvenian (Desmoinesian) age. In the Eureka distriet,

Nolan (1956, p, 63)
ated that

"No fusulinids or larger invertebrate fossils characteristic of a

nnsylvenian faunal zone younger than the Atoka have ag

yet been found in the
‘f limestone ..., ,

There appear to be no beds definitely of Late Pennsylvan-

n age in the area; if eny were originelly present they Presumably were re-

ved by pre~Carbon Ridge (pre-Wolfcamp) erosion",

Douglass (1952, Pe 24-25) in the Cherry Creek Range,

é‘d Pennaylvanian strate no younger than Desmoinesian,
|

north of Ely,

Douglass reported

Nearer the Elko—Walls—Wondover area there is the reported presence of
e Pennsylvanian, in addition to Middle Pennsylvanian streta, Hence, the

“ﬁrronce,of Late Pennsylvanian rocks in the northern Ruby Mounteing ig not
' be considered unugual for this region,

For example, Dott (1955) reported

ate Pennsylvenien fusulinids in hig Strathern formetion of the Elko region to
. west; and Douglass (1952) reported Late Pennsylvanian fusulinids fron the
%8ne Rence to the eest. In the Spruce Mountain area, soutn of HWells,

both
ddle and Upper Pennsylvenien rocks have been

reported. Middle Pennsylvanian

Cks were reported by Hague (1877, P. 511) who collected Productus Nebrascensis

\




mber of other localitieg, " Herlow (1956, Pie

22) collecteq Wedekindellina
om Pennsylvenian Ely? limestona, which report

edly (Thompaon, 1948, p,
limited to the "Zone of Fusulina"

which wag
mtatively dated ag "Missouri

=Virgil, Virgil

~WO1fcamp, and Leonard"
F6, p. 25), Further, Dott (1955,

(Harlow,

Pe. 2281) reported'"probably Upper Pennsylvan
in, Triticites—bear'

parated areag, Whether thege strata reprege

one which wag here Preserved,

?Qbamp erosion isg not known,
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Fusulina oylindrieg "from the ridge north of Spruce Mountain, ang from a

ber of other localitiesg," Herlow (1956, P

22) collected Wedekindellina
om Pennsylvanian Ely? limestone, which reportedly (Thompson, 1948, p, 22)

limited to the "Zone of Fusulina® op upper Middle Pennsylvanian age.

Upper
nsylvanian beds occur in Harlow's "limastone-ailtstone unit" which was

f;tively dated as "Missouri-Virgil, Virgil-Wolfcamp,

eand Leonard" (Harlow,
'é‘ pe 25), Further, Dott (1955, Pe 2281) reported "

probably Upper Pennsylvan-
y Iriticites

-bearing limestones.east of Spruce Mountaipn £T 25N., R. 70E,)
cedeed by thick Wolfeampian siltstones angd limestones .., ,

Unfortunately,

tlcamp erosion is not known, Age-wige, the rocks would correlate with partg
the Oquirrh formation of Utah, the Wells and Wood River formations of Idaho,
| the Strathern formation of the Elko re

gion, but it would seem premature

For the present, all Pennsylvanian rocks in the mepped eres,

including
88 of Virgilian 8ge, are mapped together as Ely limestone, The fossil

lities denoting older angd younger Pennsylvanian strata have, of course,

i s8hown on the 8ccompenying geologic maps end will facilitat
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Permian System

Introduction
A minimum of 4000 feet of Permian strata ranging in age from Wolfecempian

Guadelupian®* is present in the northern Ruby-East Humboldt Range. The lower

00 feet or so of Permian strate are correlated with the Arcturus formation of

gst-central Nevada, This unit consists of limestone, arenaceous and argillace-~

18 limestone, siltstone, sandstone, chert pebble conglomerate, and chert and

mestone pebble conglomerate,

The upper 1400 feet of Permien rocks includes elements characteristic

' the Gerster formetion of west-central Utah, the Phosphoria formation of

utheastern Idaho and western Wyoming, and the Kaibeb formation of northwegt-

n Arizona, but the succession eppears to most nearly resemble the Park City

rme tion of north-central Utah, both in lithologic character and in the

ratigraphic position and relative thickness of its members; end therefore,

' 4

ther than introduce new nomenclature, it ise tentatively correleted with the

L
4

'k City formation. The type loocality of the Park City formetion, in turn,

¢

portedly contains elements characteristic of: 1) the Gerster formation

'« My Cheney, written communication, 1957); 2) the Phosphoria formetion (Beker

ifﬁilliams, 1940; McRelvey et al, 1956 and others); and the Kaibab formation

3

eker end Williams, 1940),

The "Park City formation" in the present area can be subdivided into

Ur mappable members. The lower member consists of about 200 feet of grey

tte—forming limestone, and probably correlates with at least part of the

Wer member of the type Park City formation, and may correlete with part of

i

» more distent Keibab formation. This lower member of the "Park City for-

tion" g overlain by a phosphatic chert member, 150 feet thick, which probably

=0 part equivalent to the Rex Chert and posaibly the Meade Pesk member of

T
4
q

Possibly younger (see J. 8. Williams' discussion in McKelvey et al,1956,P.2858)
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the Phosphoria formation (most recently discussed by McKelvey et al, 1956,
g 2845-48). This phosphatic member is overlain by & unit congisting of

limestone, dolomite, and tan chert; which is in turn overlain by éO to 100

feet of a richly fossiliferous limestone containing & Punctospirifer pulcher

faune. These two upper mappable units probably correlate with the upper

member of the "Park City formation" in the north-central Utah area, which wae

recently designated the Frenson member of tha Park City formation (McKelvey
et al, 1956, p. 2842). The uppermost of these two mappable units probably

also correlates with the upper part of the Gerster formation in northwestern

(Nolan, 1930). T. M. Cheney has mentioned (written communication, 1957)

that this same unit is present at the type locality of the Park City formation,

Arcturus Pormation

Introduction

: The Arcturus "limestone" was defined by Spencer in the Ely district

ﬁi9l7, P. 28) as a Pennsylvanian formation. Leter studies have shown that the
épit is Permien. The Bastern Nevada Geological Society Stratigraphic Committee

1953, p. 146-7) pleced the Arcturus formation entirely within the Permian.

Knight, (1956, p. 773-74) found Parafusulina, Schwagerine, and Pseudofusulina

in & stratigraphic interval within the Arcturus formetion, and demonstrated

'&at this interval he studied is "equivalent to a zone bracketing the upper

Leonard end lower Word formetions of Texas",
s

The Arcturus formation outcrops in widely separated areas in the north-

™ Ruby-Eest Humboldt Range. The unit is exposed on the esst flank of the

orthern Esst Humboldt Range, along the ridge crest of the southernmost East
Humbold+ Range,

+

and on both the east flank esnd the northern end of the north-
°Th Ruby Mounteins.

The Arcturus formation in the mapped area is rich in fusulinid-bearing

Ocks of both Wolfcampian and Leonardian age. Because of structural complexi-




o

>0

ion" is exposed.
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ies, however, the base of the formation has not been established, end the

tratigraphic relations between the Arcturus formation and the upper Pennsylvan-
t

an strata are not known at present, Both older and younger unite within the

roturus formation are variously in thrust contact with underlying Devonian,
(gsissippian or Pennsylvanian rocks, and members within the Arcturus are
learly truncated by the underlying thrust plane.,

outhern East Humboldt Range

The upper boundary of the Arcturus formation was established at the
uthern end of the Bast Humboldt Range where the overlying "Park City forma-
This upper contact is lithologically well defined and mappeble,

is placed at the base of the resistant grey limestone member of the lower-

it "Park City formation". The stratigraphic relationships of the Arcturus

rmetion had to be established from the top down and not from the bottom up,

d hence the writer will first proceed to describe the formetion in reference

0 the overlying "Park City formation",

An estimated minimum of 1500 feet of the upper Arcturus strata underlie
L "Park City formation" in the southerﬁ Baest Humboldt Range, but lower Arcturus
reta ig found in other areas, The upper Arcturus rocks outcrop for thfee-
arters of a mile along the ridge crest northwest of the Polar Ster mine. The

ds strike northeast and have an average dip of epproximetely 30 degrees to

> southeast., The entire succession dips into an underlying low-engle thrust

@ and is truncated by it. Pusulinids found in the lower portion of this

Per Arcturus section are Leonardian in age, The apparent absence of fusu-~

nids in approximately the upper 1475 feet of the 1500 feet of section to be

Cribed prevents giving any precise age for the upper portion of the sequence

0sed in the East Humboldt Range.

Lithologieally, the upper Arcturus succession contains rocks showing

- gradations between limestones and siltstones, 1In addition, there are

®ral beds of chert pebble conglomerate. The section is predominantly grass-

|
|
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@ﬁured. The slopes are subdued and are essentially devoid of

Prominent ridge-
orming limestones,

The rocks in the upper Arcturus formation immediately below the "Park
are characterically rusty-orange weathering 8ilty limestones,

hese prevail for geveral hundred feet

1
ity formation"

» a8nd are underlain by medium grey
yeathering, dark grey, fine-grained linestones ang some chert pebble conglomer-
te layers. In one of the maggive grey limestones roy

ghly 800 feet below the
"Park City formation?

(locality g 9 on Map No. 4) a large Dictyoclostus 8p.

At J 11 (approximately 1500 feet N73z0 y

weg found,

ve.8 collected very close to g fault,
attitudes,

« of J9) Omphalotrochgg Spe

The beds in this area show a variety of
end talus of igneous dike rook is present,

For these reasons the
recise stratigraphig position of

Omphelotrochus 8p.
oughly estimated to be 1050 feet below

is not known, but it is

the "Park City formation®,

Omphalo=
trochus is a widespread index foasil of the Permian,

It is found in Wolp-
8mpian rocks in the southwestern U,

S. end in the Phosphoria formation in
deho (Hanafield, 1927, p. 76). 1In the Moormen Ranch Arcturus seetion west of
1y, Nevada, Knight (1956, p. 774) reports thet W, H, Easton identified both
%;halotrochus and Dictyoclostus ixggl in various horizons in the "Zone of

&s definied by Thompson (1948),

arafusulina”

Easton designated the Omphalo~

Its stratigraphic
would indicate a Leonardian ege at thisg locality,
Some dark grey limestones in the

trochus collected by this writer ag Wolfcamp or Leonerd,

Position, however,

Omphalotrochus intervel show

cCrogs=-

8otions of numerous gmall thin-shelled orgeanismg (brachiopod fragments?)

One large unidentified gastropod

hd some limestones contain bryozoens,

To8s-section measuring 2 inches in diameter was also collected. These parti-
Ular foggj]

e NEZ

~bearing rocks were found on the eagt side of the ridge orest in
of m‘, Soco 16, T. 55N.. R.ém.

Stratigraphically below the interval described ebove, occurs yellowish

® lipht olive grey weathering, thin~bedded, medium grey to yellowish-

browni sh
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e-grained argillaceous limestone.

Both platy and messive, reddish to derk
llowish orenge argillaceous limestones and calcareoug

siltstones are also
sent. Leonardian fusulinids occur in a highly calcareous,

light yellowish
'n, and light greyish red to pale red siltstone that occurs about 1475 feet

ow the "Park City formation". At locality F 35 Gerald Marrall identified:

erine sp. and Parafusuline sp, res. P. visseri ver, lata Reichel 1935,
£ rdian (good),

Numerous scattered patches of yellow-orange porphyritic intrusives and

ctural complications made it impractical to continue measurements much be-
w the fusulinid-bearing rocks. 1In this underlying, unmeasured intervel,

re Bre present many orange-weathering, platy argillaceous limestones, in
)

dition to some light grey to greyish black limestones. Light yellowish brown
ltastones, and yellowish orenge-brown chert grits also were observed., There

quite possibly an additional 500-1000 feet of Arcturus strate in this un-
igured interval,

An anomolous mess of reddish-tinted, dark grey limestone of Pennsylven-

age in this interval, containing Dictyoclostus portlockianus (specimens

mtified and dated by W, H, Easton), is epparently an outlier from the large

ust mass of Pennsylvanian strate which overrides Permian strate on the west

k of the southern East Humboldt Range .,

On the basis of the foregoing data, much, if not all of the upper portion

‘the Arcturus formation in the southern East Humboldt Range is Leonardian,
VOI‘,

inasmuch as no diagnostic fossils were found in the upper 800 feet of
Arcturus formetion or in the lower member of the "Park City formation® it

Presently impossible to establish a Leonard-Guadelupian boundary within
Permian sequence.

A large isolated mass of Arcturus strata lies esbout one-half mile south

the Polar Star Mine. (The mine symbol shown on the Halleck quedrangle for
Polar Star Mine, incidentally, is apparently misplaced,

Its proper location




jds were i

il
«) The following fusulin- il
identifieq (looalitiea are gho

Wn on Map No, 4): B 61:‘Parafuaulina 8p. ff

~—2iusulina L
,?;Laonardian*. R 13:» Parafusulipa 8Pe-~-~Leonerdiap (fair)*. B 63:» pg, fu- “f
- —==l4sulina EE_.__. |

R17: = Parafusuling
~——2iusulina

9371, *Parafusulina ep.
—I2lusulina

res, P,
lata Reichel 19352, =

Schwagerina 8D« re9. 8, vel

S lensisg Thompaon

and **Oketaella SPe~=~~Leo~
——===¢tlla .

an %%

I
and Hansen 1954, **Pseudofusulinalla utahensigy,

nardian (fair)s; likely middle 1o UPPer Wolfcampi
1

2

Northeastern Bast Humboldt'Ran 8
= N

The rocks generally dip
The slopes are quite Subdued, but g

Trees are virtually absent from all but
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-

f;h-northwest trending ridge.
e

‘ The Arcturus succession here predominently consists of platy to

ﬁjive limestonss, calcareous siltstones and sandstones. The platy limestones
>;often greyish black, thinly bedded and fine-grained. They weather light

Q; ish grey, pale brown, pale yellowish brown, and light olive grey. In one
re vertical exposure of these platy limestones (roughly 12 miles due north
ﬁAngel Lake) some smell scale intraformational folding and even overfélding
wéobsorved; these features probably represent loeal gravity sliding. The
aloareous siltstones and fine-greined caleareous sandstones are generally seen
:J;alus fragments which weather light orange-brown to pale reddish brown.

? The massive resistant leyers of variously ergillaceous limestones can
!seen protruding from telus covered slopes on the eest side of Trout Creck,
1@ on the tree-covered spurs on the easternmost flank of the range. Some of
heae limestones contain fusulinids, and some contain strophomenoid brachiopods
nd trepostome bryozoens., These messive limestones are light olive grey to

lark grey and are generally fine-greined. They weather yellowigh grey to pale

jellowish brown, and locally light orange-brown,

8ix fusulinid localities were found, However, because there are no

lopographic meps available for the northern Eest Humbaldt Range, these local-

ties cannot be located on a land grid with great accuracy. The locations given
|

re therefore only approximate,
The most accessible fusulinid locality lies about two-thirds of a mile
sast of Angel Laeke., The MeCarren Way gravel road makes a horseshoe turn e-

lund the locality and then heads westerly towerd Angel Lake. The locality

stant and its position and correlation with the Texas Permian is still a
blem, Marrall stated in a letter to this author dated February 12, 1957,
t "Usually it is a matter of the Wolfecemp-Leonard boundery which causes the
stions, At the present time I haven't enough control across it to be ex-
fenely accurate." Bissell (personal communication) is in agreement with
arrall in this regard.

Marrall's designations will be indicated by a *; Bigsellls designations will
® indicated by **,
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| 54 on Mep 1) is on the peak of a spur composed of massive argillaceous
v

imestone eand calcareous siltstone which overlies & sequence of platy dark

limestones. Fusulinids are also present in the roadcuts below the peak,

rald Marrall identified Parafusulina res. P. skinneri end Schweperina 8Dey
=

' Leonardian age from this locality,

4 North-northwest of locality A 54, near the peak at the eastern end of

e prominent ridge spur that lies between Angel and Clover creeks, are local-

ﬂ‘g N 8 and N 12. The following fusulinids of Leonardian age were identlfled.

's) *Parafusulina sp. and *Schwagerina sp.---Leonardian (poor)*; (N 12)

arefusuline sp., Pseudofusuline 8p. res. P, juresanensis Rauser-Cernoussove

40, end *Schwagerina sp., --- Leonardian (good) «* Marrell stated that the
"

geudofusuline resembles forms from the upper Leonardien Series in Russia "

At locality D 17, which lies northeast of N 12, the following fusulinids

e identified: *Parafusulins Sp. res. P. apiculata Knight 1956, **Schwegerina

y **Pseudofusulinella utahensis?, and **Oketaella 8p. -~- Leonardian (good)*;

ly middle to upper Wolfcempian,**

f A silty light olive grey limestone at locality N 17 contains:*Boultonie?

+y *Parefusulina sp. res. Parefusulina schucherti Dunber and Skinner 1937,

b
:

gifgrafuaulina 8p. --~ Leonardien (fair).*

dthwestern East Humboldt Rance

Both Wolfcampian and Leonardian strate of the Arcturus formation are

esent in this éreae, and one locelity was discovered which may be an excellent

&ce for future study of the Wolfcamp-Leonard boundery,

Lower Permian strata rest in thrust contact on lower Ely limestone and

80 on members of the metamorphic basement., The rocks here do not particularly

ffer in lithology from the Arcturus strats previously described, containing

ity to massive greyish limestone, yellowish grey to yellowish orange argille

oug limestones and siltstones, and in addition, some chert and limestone
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ble conglomerates.

| Both Wolfecampien and Leonerdian fusulinids were collected in an
roximate 100-foot interval at locality K 4 (Map No., 2). Within this ip-
rvel is & narrow zone of yvellowish grey to moderete olive grey weathering,
ie- to medium-greined, brownish greyvcorrallina limestone which is made up
a eolony of Corweﬁia sp. (identified by W. H. Easton), Rather remarkably

L;@aurately, Baston dated this coral as "at about the Wolfcamp-Leonard

both the Wolfcampian and Leonardian fusulinids collected in thig intervel,

The Wolfcampian fusulinids identified by *Merrell and **Bigsell in

8 interval ere shown on Table 1, (The lower case letters beside XK 4 simply

signate individual rock specimens and do not imply relstive stratigraphic

sitions.) Both Bissell and Marrell were in égreement as to the Wolfcampian

for the specimens. Marrall dated K bk, K ke, k bm, end K 4i ag Wolfcampian
od), and X 4r ang K 43 as upper Wolfoampian (fair). Bissell dated K 4k, K 4p
| K de ag likely middle Wolfeampien, end K 43 end K 4j as upper to middle

. The following two specimens (K 4f and K 4v) may possibly have been

lected at or near the Hblfcampian-Leonard'boundary: (K 4¢) *Parafusuline

Tres. P, schuchertj Dunter and Skinner 1937, #*p, 8p. res. P, skaksgamensis
-m o R

shel var, crassimerginata Knight 1956, *Schwagerins SPes **Pssudofusulinella

, and **Schwagerina elkoensis?; (k& 4v) *Parsfusuline 8p. res, P

« schucherti
e OT L

Y&r and Skinner 1937, *Parafusuline SPs res. P, visseri var, lata Reichel

9y and Schwagerina sp., Specimen K 4f wes dated by Merrall es Leonardien

d) and by Bissell as likely middle Wolfcempian, Specimen K 4v was dated by
fall as Leonardian (fair); it was not exemined by Bissell,

Fusulinids which were found et other localities (Map No. 2) in the
“Western portion of the East Humboldt Range are shown on Table 2, The ages

Nese assemblages and their epproximate land grid locations are given in the




afusulina sublinearis

aschwagerina sp.

seudofusulinella sp, i I

seudofusulinella utahensis? 26t 33 ; |

sp. res., P. convexa
chwagerina sp.

|
‘ schwagerina sp, i o
|

Bchuagering elkoensis

* 8p. res. T. secalicus

Var, orygziformis

agerina wellsensis ‘

mgerina geculeata res . % res.® | res,% ‘ ‘ ‘ ‘

res, 5, aculeata var. ple * i ‘
o : wWagerina linearis * . #* . \‘
-tici es sp. #* #* ‘
:sp. aff, T. californicus * | i

* ; | | |

* Identification by G. Marrall i |
* Identification by H., J. Bissell ‘ Il

ll d11
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ypendix .

rthern Ruby Mountaing

Units of the Arcturus formation outerop on the east flank

and northern
A%af the Northern Ruby Mountains,

Both

Wolfcampian ang Leonardian strata are
esent, end the lithologies are €ssentially the same as the

previously describ-
‘&Mreas. Different portions of th

e Arcturus 8uccession are variously in thrust
ntact with underlying Pennsylvenian end metamorphic rocks,

The fusulinids collected in this area (Map No, 3)

e ages of these assemblages ang their approximate iand g

ven in the Appendix.
I

are shown on Table Vi

rid locations ere
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"Park Oity Formetion"

The name Park City formetion was given by Boutwell (1907, p. 443-446)
 beds underlying the red shales of the Trimssic Woodside formation and over-
j!g the Pennsylvenian Weber quartzite in Big Cottonwood Canyon near Salt
ke City, Utah, In its type area, the Park City.formation has been report-
ae consist of three members, an upper and lower member both composed main-
3;f cerbonate rocks, and & middle member composed of phosphatic shale and
yrt. The lower cerbonate member is reportedly a lateral equivalent of at
gt part of the Kaibab formation (A. A. Baker and J. S. Willisms, 1540,
631-634) . The middle member is reported to be continous with the phosphatic

ale member of the Phosphoria formation (Richards and Mansfield, 1912, pe 684~

jﬁ. The upper carbonate member has recentiy designated the Frenson member of

he Park City formetion(McKelvey et al, 1956).

ter limestone

Overlying the Arcturus formation in the southern Esst Humboldt Range
%@0 feet of massive, ridge-forming, yellowish to medium light grey, fine=-
coargse-grained limestone which is loecelly dolomitic., The unit contains

@;ular pods and layers of milky, light ten, and dark grey chert, particularly

ghe lower portions. The formation is locally fossiliferous, containing

%hiOpOd eand crinoidal hash, but no forms were good enough for specific
ntifications beyond the recognition of some productids?. Crinoidal hash

particularly prevalent in the uppermost portion of the unit.

' pha tic member

In the southern East Humboldt Range, a week saddle~forming unit con-

ting of about 150 feet of chert, phosphatic rock, siltstone, and shale,
rlies the lower member of the "Park City formation". The unit yields a

'icminantly black, greyish red, brown, and yellowish brown talus. Outerops




re best observed on the crest of the southern East Humboldt

ecs 16, T.33N., R.C1E.), northwest of the Polar Star Mine. The unit's saddle-

*gﬂdng character ig fairly well displayed for about one mile down the west
’lank of the range lying due south of the southwesternmost corner

of the Nation-
ﬁiporest boundary.

P
arbonate and chert member

Overlying the phosphatic member of the "Park City formation"(which was
asured in the NI of NEI, Seo, 31 and the N} or NWi, Sec. 32, T.53N., R.6IE,)
8 about 940 feet of essentially unfossiliferous grey limestonq dolomite, and
‘Qrchert. The basal portion of this éssentially unfossiliferous succession
onsists of about 20 feet of yellowigh to light gfey weathering, fine~grained,
‘git grey dolomite, overlain

by about 70 feet, of light brown to light orange

oW massive chert, The chert is overlain by massive,

light grey weathering,
lne-greined limestones and deolomites which often contai

v};ish to dark grey chert pods and leyers,
regular "ringg"

50 present,

These
mestones form gme]l ridges separated by talus

~covered slopes of often orange.
yellowish brown, argillaceousllimostonea.. The upper portion of this chert
iaarbonate member of the "Park Oity formetion® consists of about 507 feet
POOrly exposed light brown chert, which is similar to the tnjck chert layer
its base,

®r member

The phosphatic member of the "Park City formation" ig overlain by 80
100 feet of mostly massive, very fossiliferous limestone. The limestone is
f%-forming, and near its bage are numerous layers of black chert. At a

tance the chert layering appears quite regular, Inp detail, however,

there
Onsiderable variation in the thickness of the chert layers and the d

istance
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ween them. The tops and bottoms of the layers are not straight but form
g@ulaf undulations. The limestone is mostly yellowish to olive grey and

e-greined. Some portions of the limestone are argillaceous and weather in

des of yellowish brown and greyish yellow. This upper member of the "Park

‘%'formation" outcrops on the east side of the ridge that lies west and north

%;e Echo Mine, and also on the southern flank of an eagt-westerly trending

ige that lies about 1% miles north of the Polar Star Mine.

W. H. Baston kindly identified the fossil collections from this member
Y

d indicated that they are Guadalupian in age. Specimens were collected from

ose localities (Mep No, 4): B 19 (W} of NW} of NEZ, Sec. 32, T.33K., R.61E.);
) (Wy of SEZ of SW}, Sec. 29, T.33n., R.61E.); O 12 (on the western boundary

the SW} of NW} of NEZ, Sec. 15, T.33N., R61E.). The following fauna are re-

Fossil name

nia subhorrida
evia? multistriata
ochonchus nevadensis

irifer cf. N. pseudocemeratus
irifer sp.

ol o
< opd <
el

Triassic System

Lower Triessic strata is present in the Polar Star Mine area in the
‘dern East Humboldt Range.

Jo P. Smith (1932) was evidently the first to report Triassiec strate in
f:oaeterﬁ Nevada, and since that time, H. E. Wheeler, et al (1949), Scott

54), Snelson (1955), Harlow (1956), Nelson (1956), and Stokes and Clark

%6), have reported on various Triassic occurrences in this region,
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The lower portion of the Triassic Seéquence in the southern East Humboldt

ange consists of several hundrad feet of shales and greyish brown limestones,

erlain by some ridge-forming medium to dark grey terebratulig

~bearing lime-
bones with intercalated shales,

Uverlying these ridge-forming limestones
g & succession of rather poorly

exposed shales, siltstones, ang limestonés
hich yield & yellowish to reddish soil, The shales and siltstones rarely out-

_5@; the often argillaceous, prlaty to massive limestones weathe

r in shedes of
rey, yellow, orange, and brown,

In surrounding areag the greyish "chocolate

" brown limestones near
e base of the succession yield a rich ammonite fauna, J, P, Smith (1932)
ported a Meekoceras fauna in 8imilay limestones near Phelan Ranch, Elko
ounty, Nevada, in the southern East Humboldt Range, no identifiable ammonoids
re found in thig distinctive lithologic interval; however, in the overlying
oy ridge-forming limestones Terebratule thaynesiana ocecurs,

a small brachiopod

ower Trieggic Thaynes
The terebratulids were collected at loc

alities R 11 (NB} of

*» R.61E.) and B 46 (westernmost boundary of Nwl
B3 Sec. 21, 1,331., & 61E.).
o,

of SW} of

The pectinoids were found at F 24 (NEZ

; of Sw
Sec. 28, T.33N., R.61E.), R 14 (N} of NW} or NEZ, sec, 28, T.33N.,

6lE.), ang R 21 (half-way betwsen the sect

ion corners
" 22) .

shared by sections 15
R 21 yielded the best pectinoid collections,

No formel publighed nomenclature exists at the present time for the
Wor Triamggic strata in northeastern Nevada,

however, iheeler et al (1949)
Ported that the Lower Triassic strata near Currie,

Nevada, appeared




a%ologioally similar to the Woodside and Thaynes formations.

Scott (1954),

. an uﬁpublished Bl thesis, reported a ssction at Currie end in the south~-

n Pequop Mountains as the Théynes(?) formation. In unpublished masters'

eses by Snelson (1955), Harlow (1956), and Nelson (1956), essentially identi-

1 Lower Triessic successions were delineated into a basal Dinwoody(?) forme-

on consisting of greenish shales and brownish limestones, and an overlying

1
aynes(?) formation characterized by ridge-forming grey limestones at its base,
2

ese same two lithologic units were recognized in the southern East Humboldt

nge, but they were not measured or separately mapped. Clark recently finish-

| & Ph.D. thesis on the Triassic rocks of eastern Nevada, however he did not

e formational nemes in his study (David L. Clark, written communication, gy )

‘-'




CENOZOIC STRATIGRAPHY

Tertiarz

Introduction

; Over 480017 feet of Tertiary continental sedimentary

end volecenic rocks

ge exposed on the flanks of the East Humboldt Range. These have been ten-

tatively subdivided into four units.

The lowest unit consists of a miniwmum of 1750 feet of heterogeneous
|

!
ine~grained to conglomeratic strate particularly rich in volcanic and voleanic-

frived material. This succession rests unconformably on pre-Tertiary rocks,

nd 1s characterized by an abundance of red and green beds. The unit is best

ﬁposed in the northwestern portion of Clover Valley and possibly the same unit

8 exposed in the erea of the Secret Creek gorge in the vieinity of Dorsey Creek.

)

Thise Bequence will be referred to as the Clover Valley unit,.*

The overlying succession is distinquished from the Clover Valley unit

PR in overall lithology and color. This unit is mostly light in color and

s roughly estimated to be 25007 feet thick. It contains numerous plety mud-

8lones anq siltstones, as well as tuffaceous sandstones and grits, fresh water

ﬁ"watones, pebble conglomerates and limestone breccias composed of Paleozoic

Tocks, rhyolitic tuffs and flows? end layers of reworked esh. The unit is widely

fP°Bed on the west flank of the renge just east of Starr Valley, and on the

888t £lan) of the range in the northern portion of GClover Valley. Portions of

the unit rest directly upon pre-Tertiary rocks on the west flank of the range.

‘1

ﬁlThﬂ fnemes for local Tertiary units in this report are tentative and are not
& hded B Wasiiinm Y Baan® e
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This succession will be referred to as the Starr Valley unit.

A distinctive succession of essentially light olive grey to reddish

prown rhyblitic to quartz latitic porphyry unconformably? overlies the Starr
ilgy unit. The rhyO].itS and its

tentative correlatives are exposed prinecipal-

ly in three areas; 1) at the northern end of Clover Valley where it is crossed
1

v Willow Creek; 2) in the Ralph Creek area to the south; and 3) north of

ilphens Creek on the west side of the range. It will be referred to as the

[illow Creek unit,

The fourth unit consists mainly of dark-colored andesitiec to basaltic

J&as which outcrops at the southern tip of the East Humboldt Range southwest of

: he Warm Springs Ranch. The unit rests directly upon Lower Triassic and Paleo-

oic stratea, and farther to the south, Sharp (19390, pe 889) reports that it

‘f;ts upon truncated Tertiary "Humboldt" beds. It will be referred to as the

arm Springs unit.

Previous Work

This writer's Clover Valley unit and overlying Starr Valley unit were

feviously mepped as "Miocene Humboldt formetion" by Sharp (1939b, see Appendix).

€ acidic voleanics within these two units and the separate overlying mass of
it
L

illow Creek rhyolite are shown on Sharp's map as "Rhyolite in Humboldt forma-
on"

» The dark colored darm Springs lava at the southern tip of the East

mboldt Range is shown on Sharp's mep as "Pliocene? lava',
i;onal

The Tertiary deposits in northeestern Neveda were first described by

"€ and Hegue in 1877 and 1878. They reported two stratigraphic sequences,

Eocene group which wes correlated with the Green River formetion of Colorado

L Utah, and a sequence of Pliocene strata which was named the "Humboldt group",
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ﬁr‘ the Tertiary succession exposed in the Dorsey COreek-Secret Creek area on

'&‘.outhwestern flenk of the East Humboldt Range. In both areag the sequence

oo “ts unconformably upon the pre-Tertiary rocks of the range,

The steepest
0ol g titudes in the unit were observed in northwestern Clover Valley where beds

easterly of the steep range flank at angles approximately between 45 and

;&&Qgrees. The unit in Clover Valley is roughly estimated to be a minimum of

[0 feet thick, Its thickness in the Secret Creelk gorge area was not calculat-

~

Ir‘flnnk

Locally, at the base of the Clover Valley unit in the northwestern por-

n in Clover Valley is a sharpstone conglomerate which consists largely of

lar Paleozoic limestone fregments in a greyish red silty metrix. It is
g il

iémsd in the SWj, Sec. 34, R.61E., T.37N.

Overlying this basal breccia is a

quence lergely consisting of voleanie and volcanic=derived rocks., Many of

ese rocks are greyish red and greyish green indurated tuffs which contain

/rying proportions of both sedimentary and volcanic rock fragments, as well

ystal fragments in an often glassy matrix. Other tuffs in shades of

ﬂﬂbv—orange and grey are also present. Porphyritic acidie volcanics are

cally interbedded near the base of the succession,
|

Higher in the unit are conglomerates and coarse-grained sandstones

contain fragments of earlier sandstones, siltstones,

ic linestones, black
rtzite, vitric tuffs, basalts, and miscellaneous volcaniec rocks, The
'ﬁnlc pebbles suggest that at one time a volcanic sequence older than the

Ver Valley unit was present in this general area,
3t Plank
The exposures of the Clover Valley? unit in the vicinity of the west-

entrance to the Secret Creek gorge differ in stratigraphic detail but are

lar in overall aspect to the succession in Clover Valley. This overall
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Aq'lnrity of lithology, particulerly the voleanic pebble~bearing conglomerates,
 “ the fine-grained tuffaceous red beds, is the basis for tentatively correlat-

ne these units., Whether the two successions are exsct time equivelents, pan-

4¢ be proved. In this area, the Qlover Valley? unit covers an aerea extending

bout & mile west and several miles north from the Secret Creek-Dorsey Creek

unctione.

The succession rests unconformebly upon pre-Tertiary rocks, and thisg

plationship is best observed in the western gorge area north of Secret Creek,

endstones, siltstones,

and tuffaceous sedimentary rocks, Green- and buff-

olored beds are comuonly interbedded in thig overlying "red bed" succession, .
I

ut their presence is often obscured by reddish colored talus and soil,
[ The conglomeratic beds in this area contein not only pebbles of earlier

)leanic flows, vitric tuffs, tuffaceous sandstones,

Paleozoice linestones,

|
‘Frtzites, and cherts, but Occasionally also contain schistoge metemorphic

ocks, Metamorphics were not observed in the

conglomerates of thisg unit in
lover Valley,

As in Clover Valley, acidic voleanic rocks are present near the base of

ie succession,

“ containg verying proportions of quartz, senidine, ang caleic oligoclase

Partially devitrified dusty glass groundmass., An identjca] volcanic mass

ently rests directly upon Upper Paleozoic strata about a mile to the north

&1 elevation about 400 feet higher. In both locelities the unit locally




Fig. 52, Red end buff-colorsd beds tentativ

ely correlated with the

or Valley wnit, These outerops ocour on the

ridge north of the first un-

4 ereek south of

Ll

of voleanie rocks;

‘8chistose metamorphic

Heelfly Creek, on the west flank of the Eegt Humboldt
Fine-grained reddish beds in the upper
Mfﬂcmﬂﬂ material,

lef't photograph are rich in
Canglomeratic beds in both photos mre composed of

Paleozoic limestones, cherts, and quertzites; and
rocks,
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ows small scale fractures filled with fine-grained silica.

Starr Valley Unit

The most widely exposed Tertiary succession in the area is the Starp

lley unit. It is mostly light~colored, and comprises the following rock types:

lght green to cream-colored claystones, siltstones, and sandstones, which often

ontain much fine-grained tuf“aceous material; platy cream-colored siliceous
cks; white to light brown fresh water limestones; 1light gfey to light brown,

iable vitric ash deposits; orange~brown Paleozoie-pebkle conglomerates; grey

leczoic-limestone breccias; and patches of greyish, reddish and brownish acid-

' volcanics,

st flank

Most of the above rock types are exposed on the west flank of the range

3ath a broad westerly-sloping dissected pediment and terrace platform, which

orossed by numerous permanent streems and their intermittent tributaries,

e platform extends from Herder Creek southward down the length of the renge

;1sxtends westward from the mountain flank for about 3 miles. When observed

om the west, these light colored deposits form cream-colored bluffs below

@ pediment end terrace surfaces,

Stretigraphic relationships between the Clover Valley? unit at the west

ur'a

ce to the Secret Creek gorge and the Starr Valley unit to the north ig

» known due to the lack of continous exposures. Although an unconformable

tionship is suspected, actually the writer cennot dlsprove the possibility

't the two successions are partielly laterally continuous with one another.

- Friable bedded vitric ash deposits oceur high in the Starr Valley

;iaaion. They are exposed near the crests of several ridges in the area,

north of Stephens Creek their high stratlgraphlc position is confirmed by

“Ops of the ash near the contact with the overlylng Willow Creek 7 rhyolite.

Interbedded in the succession beneath the asgh deposits are all the rock




151

"

Bast Humboldt
ary

fine-grained beds in the Terti

g northwest on the west side of the

ght-colored,

Lookin

>a11 ey 3nite

; Fig. 55.
&t bluffs of 1i




e P

152

f;s mentioned, with the exception of the Paleozoic~-limestone breccias, which

g limited to the east flank of the range,

st flank

' The Starr Valley unit is well exposed in Clover Valley between Ralphs

‘.Lk and the northern end of the range. The succession here is llthologlcally
ry similar to the succession on the west flank of the range, but in addition
‘wgg are lenses of grey Paleozoic-limestone breccia near its base. The unit

‘

y possibly unconformably overlie the Clover Valley unit in the northwestern
rtion of Clover Valley, as agggested by the divergence of strike between the
‘funits.

The conglomerate beds in the succession are quite distinctive. They

‘Qrmoatly brownish and made up largely of Paleozoie limestones, quartzites,
‘i zitic chert-pebble conglomeretes, and cherts in widely varying proportions.
f?wrthy is the virtual absence of voleaniec pebbles in these conglomerates,
ich is in contrast to the conglomerates in the underlying Clover Valley unit,
‘
'%Jpabblaa of conglomerates, quartzites, and cherts in many of these conglomer-
8 were unquestionably derived from exposures of the Mississippian Diamond
k formation. The abundance of Diamond Peak material in some of these con-
omera tes led the author to give the field description "pseudo-Diamond Peak"
‘%iose particular beds, They generally break down quite readily, forming

wnish to reddish Diemond Peak-talus-covered soil,

An excellent exposure of thinly bedded white tuffaceous siltstone, and

]

1
°8lve light grey to light brown ash which is rich in pumiceous glass and

lch possesses faint cross-bedding, is exposed on the north bank of Ralph
eek about three-quarters of a mile east of the renge front, Locel ripple
k~like features and penecontemporaneous intraformational folding (presumably

*0 gravitational slippage and perhaps significantly overturned to the north)

0me of the thinly bedded members indieate that these deposits were water-
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~ Fig. 54a. Steeply northeast-dipping Pa.leozoic-pebbi; Wc.s'bnglgm-
) beds in the Starr Velley unit on the northeast flank of the Rest

dt Range, View is looking south at locality north of the Clover
Ranger Station,

b Fig., 54b, Paleozoic~pebble conglomerate in the Starr Valley unit,
€ northwerd et outorop esst of "Clover Hill® and north of MeCerran
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laid, probably near the margins of a lake.

Paleozoic~limestone breceias in Clover Valley

There are well over 20 masses of Peleozoic-limestone brececia exposed in

Olover Valley. The length of their outcrops vary from severel feet to over 1500
et. The meximum thickness observed at any one outcrop is about 100 feet.

i;oause of their unusuel character, these breccias and their relations to the

Tertiary succession were studied in some detail,

The relatively resistant nature of the breccias causes them occesionally

j;‘form mounds or hogback«like ridges which rise above the softer under-

overlying Teritary strata. Several prouinent northerly trending ridges occur
|

and

in the central part of Clover Valley, north of McGCarren Way (Secs. 26 and 585,

57N., R.61E.). Numerous other patches of limestone breccia occur to the south,

0 the northeast and northwest.

In the northwest portion of Clover Valley (near Clover Valley Ranger

tation), the stratigraphi¢ relationship of the limestone breccias is very

lear. Lenses of the breccia dip approximately 45 degrees to the east and oeccur

it geverel distinct stratigraphic horizons near the base of the Sterr Valley

it (Figs. 55 and 56). They are underlain and overlain by platy fine-grained

reshweter limestones, siltstones, sandstones,

and locally by "pseudo-Diamond
‘:,:ﬁ k" beds,

The breccias vary in the types of limestone they coniain end also in

i® percentage of matrix. In some breccias the matrix can hardly be discern-
| from the anguler fregments, and makes up a very emall portion of the rock.
N these the matrix consists of a fine-grained limestone of the same color as
ﬁff?agments,and which weathers flush with the fragmental portion of the rock.
. :

01s cases, however, the calcarcous matrix is sandy,

and is a contrasting
lowish orange color.

Other limestone breccias consist 6f fregments within
less well~-indurated matrix composed of limestone chips or celecareous clay-
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Q&m matérial. The matrix in these weathera more rapidly, and the larger individ-

1l limestone fragments stend out in relief, The gize of the individual frag=-

ats in these breccias ranges from a fraction of an incn to several feet, The

maller fragments generally occur at the base of the individual breccia mass,

nd gometimes weather to form cave-like hollowe beneath the coarser over-hanging

!
re ccia .
|

"
A
'

The breccias sometimes are composed of one ang sometimes of several

irbonate rock types. One brecoia consisting of several types of Devonian

ridge
In this breccia, frag-

Oladagoga? ~bearing dolomite are hap-
ardly intermixed with very dark grey limestcne whieh locally containsg

of light olive grey-weathering

pas (Fig. 57, fossil locality G 28). Significently, no similar Devonian

trata was noted in the presently adjacent northern East Humboldt Range,

R. P. Sharp (1939, P. 137) regarded these breccias as depositional in
;;gin, being interbedded in the Tertiary succession eand postulated thet they
1eTe "formed at the base of a gteep slope, presumably a fault scarp, largely
;gfr the influence of gravity®, The interbedded relationship recognized by

herp is confirmed by the present study,

Willow Creek Unit

A mass of resistant reddish brown porphyritic rayolite overlies the

ight-colored beds of the Starr Valley unit at the north

.
tlley (Fig. s5),

ern end of Clover
The rhyolite layers often dip as much as 45 degrees,

18 a5 the underlying rocks,
|

the

end clearly both Successions were folded during
e same erisode of deformation, The rhyolite forms a bow

at
1

-tie-shaped eagt-
trending hil) which is about 3 miles lon

g and up to 1%
1 1g

miles wiae. The
traversed by northward

~flowing Willow Oreek, and the rhyolite is
flgnated the Willow Creek unit,




Fig, 56. Distant and close-up view of east-dipping Paleozoic-
ne breccia lenses which are interbedded in the basal portion of
ary Starr Valley unit on the east flank of the northern East
- Re Looking south with the mountein mass to the right,
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The rhyolite characteristically conteins prominent phenocrysts of

artz, sanidine, and plagioclase which together meke up about 5 to 15 per=-

of the rock, The size of these phenocrysts ranges'from 1 to 10 mm,., but
ost phenocrysts are 2 to 4 mm. in diemeter.

Phenocrysts of quartz are more common then those of feldspar. Many
partz crystals are square-shaped in cross-section with rounded corners. Round-
d anhedral quartz grains, however, are also common. Some c¢rystals show arcuate
ractures which are often stained with red-orange or red-brown iron meterial.
jmn staining is a characteristic featufe_of this unit. Quertz grains show no
’hulatory extinction, and some crystals are locally embayed by projections of
he microcrystalline groundmess. The margins of the phenocrysts are sharp, but
ome of the grains pass gradationally into the groundmass.

, Sanidine phenocryst; ere anhedrel to subhedral. Some potash feldspar

rains possess microcline twinning, but have the small 2V characteristic of

apidine. Most crystels, however, are not twinned. Marginal embayments gnd in-
lusions of the microcrystalline groundmass occur in meny grains.
Plagioclase (oligoclase-andesine--about An}O) occurs &s sub-rounded
@fre—shaped phenocrysts as well as in anhedral and subhedral forms, and
#asionally in glomeroporphyritie clusters. Like the quartz and sanidine, the
kgioolase also contains microcrystalline inclusions and merginel embayments.

k The groundmess of the rhyolite is microc?ystalline end shows no flow

:jcturs. Rock chips etched in hydroflouric ecid and steained with sodium

iﬂltinitrate indicate that the groundmass is rich in potesh, and on this basis,
lfoompoaition of most of the Willow Oreek unit is presumed to be rhyolitic.
Ji-portiona, however, may approach the composition of quartz latite.

| Massive outerops of rhyolite between Ralph and Schoer creeks on the east
48 of the range, and a ridge-capping cliff of rhyolite one-half mile north of
Phens Creek on the west side of the range, appear quite similar to, and are

tatively correlated with, the Willow Creek rhyolite.
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In the Ralph-Schoer creel area, porphyritic reddish brown rhyolite is

posed immedietely adjecent to the range front, and also one-half mile to the
st, where it forms an oval-sheped, northerly-trending hill ebout a third of
,51‘ long. On the west side of this ovel-gshaped hill, the rhyolite is under-
‘ﬁ by the very poorly exposed Starr Velley unit. At the renge front the
}Wlite is directly adjacent to Paleozoic limestone end here the base? of the
;& is &n unusual reddish brown weathering, blacl, clinopyroxene-bearing
:?litic perlite. A black eugite rhyolite in the East Humboldt Reange area was
!{oned in the Fortieth Parallel Reports (King, 1897) but the exact locality
*mot given. This may well be the locelity where their collection was made.

i

] ;matrix'of the rhyolite is almost wholly composed of gless with a perlitic
§uture. Of structurel significence is the fact that the perlite examined

oks any signs of breccietion although it wes collected immedietely adjacent

& reported renge front feult thet has an alleged displacement of 4800 feet
ﬂ‘., 1939b, p. 901). The perlite was etched in hydroflouric acid and stained

]

th sodium cobaltinitrate end the matrix proved to epparently be rich in

bash. This together with the numerous phenoerysts of quartz in the rock, is
jbasié for calling the rock rhyolitic. Phenocrysts of oligoclagse (7) end
lash feldspar are present in addition to the clinopyroxene and quertz, The
éwena is a rather derk green veriety with high relief end high second to low
k

ird order colors. It has & 2V of about 60 degrees, & positive sign, and an
Anction angle (Z:c) of Lk degrees. It has faint pleochroism in shades of
j~grean.

The rest of the rhyolite in this Relph Creek area is essentially identi-
fith,‘though locally more platy then, the rhyolite in the Willow Creek area.
. On the west side of the range, north of Stephens Cfeek ebout one-half

' West of the range front, & resistant mass of reddish brown porphyritic

lite overlies the Starr Valley unit. Tt is seemingly identicel to and is

Ftively correlated with the rhyolite previously described.
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The contact bétween the Willow Creek unit and the underlying beds is
lieved to be unconformable. This is indicated by certain field reletions which
Gf“st possible gulleying and erosion prior to Willow Creek time. (Note valley-
ke feature at the top of the Starr Valley unit in Fig. 54,) If the black

rlite member of the Willow Creelr unit rests unconformably upon pre-Tertiary

Jl;4 at the raﬁge front north of Ralph Creek and the contaat is not a fault, a
sriod of erosional removal of a considereble thickness of Tertiary beds prior

 #Willow Creek time would be indiceted, unless this area was a high during

uiier Tertiery time. A period of at least some erosion prior to Willow Creek
:huhould not be considered unlikely since the uppermost Starr Valley beds
posed are water laid lacustrine deposits, whereas the overlying rhyolite is

¢

»gxtruaiva, subareal deposit.

| The thickness of the Willow Creek unit is not precisely known. It is
ﬂ?knet at the northern end of Clover Valley where probably more than 500

of crudely layered rhyolite is;exPoéod.

Warm 8prings Unit
Several hundred feet of late Cenozoic lava at the southern tip of the
3t Humboldt Range rest unconformably on Paleozoic and lower Mesozoic rocks.
,ﬁﬁer south the lava apparently rests upon trunceted upper Miocene rocks of
8 "Humboldt formation® (Sharp, 1939, p. 889 and Pl.'l). Sharp states, "A
riod of deformation and erosion ensued between deposition of the upper Mio-
Wﬁ‘ﬂumboldt formation end extrusion of the lavas. For that reason the lavas
ithought to be Pliocene(?). They appear too old to be Pleistocens".
' The lava is dominantly microporphyritic, and often is deep dusky red
ﬁrﬂan in color. Near the base of the succession are some tuffs and breccias,

Thin-sections show ‘that both the basel voleafnic breccias and the over-

@g laves have a large percentage of glass in their matrix., The tuffs and

Ccias show pieces of latradorite, pyroxene and hornblende crystals, as well
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Secret Creek .. )
Lateral Extent in the Mapped Area
The thrust plane which lies between the metemorphic baseme..
the Paleozoic and lower Mesozoic sudcession above will be referredAfo - ﬁ
8 term "Mesozoie" as it is previously, presently, and subsequently used |
hnection with thrusting is primarily for convenience. Although Mesozoic
8ting in this area is a likely possibility, the writer has no local evi- |
' which would preclude the possibility of thrusting in early Tertiary !
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MESOZOIG* STRUCTURE

General Statement

The Paleozoic and lower Mesozoic rocks in the northern Ruby Mountains

. d the East Humboldt Range rest upon a major thrust plane which overrides

e regionally metemorphosed, higher-grade basement succession. A series of
rusts subordinate to the uﬁderlying sole thrust tectonically eliminate, trun=
te, and repeat many of the overlying Paleozoie and lower Mesozoic units.' The
e of the thrusting cen be positively stated to be post-Lower Triessic based

n local deata, and to be earlier than all of the Tertiary deposits described
!ie, which include possibly early and almost certainly middle Tertiary rocks.
l_ The .basal thrust is present in both the northern Ruby Mountains and the
; Humboldt Range. In the East Humboldt Range remnants indicate that the
rust plane is folded into & huge northerly trending and doubly plunging anti-
line, nearly 30 miles long. In the porthorn Ruby Mountains the thrust plane
Irms & broad northerly plunging anticline. Between the elonggte dome formed

‘the folded thrust in the East Humboldt Range and the enticlinal nose of the

J
lded thrust in the northern Ruby Mounteins is an intervening northwest-trend-

g syncline,
|

Secret Creek Thrust

Lateral Extent in the Mapped Area
The thrust plane which lies between the metamorphic basement below

 the Paleozoic and lower Mesozoic succession above will be referred to as

The term "Mesozoie" as it is previously, presently, and subsequently used
Connection with thrusting is primarily for convenience. Although Mesozoic
Fusting in this area is a likely possibility, the writer has no local evi-
ite which would preclude the possibility of thrusting in early Tertiary

/
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King (1878, p. 65) refers to this aree as "Sacred Pass", Sharp use.

® "Secret Pass" for this area. Although "Secret Pass" is gorrect accor.
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' Halleck quardrangle and U.S. Forest Service meps, is actually the neme for

low divide between Secret Valley and Ruby Valley, two miles southeast of
' gorge,
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e Secret Creek thrust, It ig nemed after excellent &Xposures of the thrust

ear the gorge of Secret Creek, a westerly trending streenm channel between
he northern end of the Ruby Mounteins end the main mess of the East Humboldt
nge.* King (1878, p. 65) observed that in the Sseret Greek gorge areea,

Permo-~
L‘boni ferous rocks

rest directly upon a meteamorphic basement. King wrongly

egarded the relationship an unconformity, stating, '...Upper members of the

oswer Coal Measures are seen to rest directly and unconformably upon the

‘ﬁ_chean").schista. Later, Sharp (1939, p. 890-1),

in his reconnaisgsance of
he internal structure of the range,
|

correctly noted that the relationship is

ctually a low angle thrust, He stated, "beds of the Upper limestone have been
;r}ﬁt over igneous intrusives and quartzite, gneise, and schist of the Quartzite
ormation". (See Sharp's cross-section Gg! in Appendix.,)
[

Although Sharp locally recognized the thrust relationship between hisg

er ("Garboniferoua”) limestone" and the underlying metamorphoged "Quartz-
be formation" in this area, he evidently did not recognize the wide extent of
his thrust,

% \

In the Secret Creek gorge area the thrust plane is exposed both north
south of the creek channel, * North of the creek,

1d the thrust plane dips
ntly south and southeasterly. South of the creek the thrust plane dips
|

ently north and northwesterly. The upper plate rocks in this ares are Misgs-

8ippian to Permian, and have been involved in subordinate thrusting,
| From the Secret Oreek gorge southward down the east flank of the Ruby
fou teins the thrust plane dips easterly, and can be traced for 5% miles.

Orthvard from the Secret Creek gorge, the strata resting upon the south-

King (1878, p. 65) refers to this aree a

e "Secret Pass" for this area. Although "Secret Pags"
) local usage, it ig nevertheless confusing,

18 Halleck querdrangle and U.S.
® low divide betwsen Secret Val
® gorge,

s "Sacred Pags", Sherp used the
is gorrect according

Secret Pass, as shown on both
Forest Service maps,

is actually the neme for
ley and Ruby Valley, two miles southeast of
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terly dipping basal thrust plane can be traced for 3% miles. Farther north-
;\along the west flank of the East Humboldt Range'the upper plate rocks have
é.mogtly stripped away, A relatively large remnent of the upper plate lies

the lowermost flank of the range in the Herder Creek area, located 11 miles
(4
,’"
gt-west direction. A small outcrop of a thrust? breccia lies at the renge

of Secret Oreek gorge. This particular remnant is over & mile long in an

nt just south of the north fork of Lost Creek.

The thrust plene wraps around the northern‘end of the Eas£ Humboldt Renge
h & northerly dip, and theﬁ extends southward along the eastern flank of the
T-';;Lm;. The upper plate here is composed of Mississippian through Permian
ifg, and these rocks cen be traced south down the east flank of the range

» 6 miles. Primarily because of a rather extensive amount of glacial meterial,

inferred thrust plane in this area is covered. However, the outcrop pattern

i?ateq a fairly steep emstward dip of the thrust plane.

_ A thrust plane bringing Lower and Middle Paleozoic strate ovef basement
%ﬁ_ooours at "Clover Hill", which is located about 2 miles east of the north-
‘;Eéat Humboldt Range. Upper plate rocks are present in the southwest portion
iﬁvs hill, where the thrust has a gentle westerly to southwesterly dip. The
lley between "Clover Hill" and the East Humboldt Range is formed in relatively
T Tert;ary deposits. Because the thrust sheet rests on basement rocks, it is

sumed to be continuous with the Secret Creek thrust in the East Humboldt

;n‘tolthe west,

Southward, the steep eastern front of the central East Humboldt Range
CELF high;grade metemorphic rocks of the lower plate.

The thrustvplano recurs in the southern portion of the Eest Humboldt
;;. ﬁere 1t is folded into a southerly plunging enticline, and overlying
iﬁzoio rocks of the upper plateilis on the crest and on both flanks of the

' |

®s Lower Triassic strata also have been involved in the thrusting in this

%+ The anticline formed by the folded thrust is modified by a high-angle
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leaving the metamorphic gore exposed,

gufficiently numerous,

of the range, the remaining outcrops

1) to indicate the original extent of the

k thrust, and 2) to demonstrate the present anticlinal pattern of the thrugt

the northern Ruby Mountains and the Ragt Humboldt Range,

Movement Zone

The tectonic features &ssociated with the Mesozoie thrusting are quite

inct from the deep‘penetrative mylonitization and minor feldapathization

| 18 interpreted to have occurred in the Precambrian‘uuccession during Pre-
flan thrusting, The Mesozoieg thruating variously: 1) sheared, broneiated,

Qxed, and slickensided . the truncated layéra of the metamorphie basement

fplaoes formed a highly

® thrust plane; and 4)

variously pulverized, fractured, brecciated, and re-

allized overlying Paleozoige limestones adjacent to the thrust plane,

P displays both upper and lower plates, Another idea} locality would be

the overlying thrugt plate has been eroded to the

exact upper surface of
Wer plate, that isy, to the thrust-plane itseler, Uhderstandably, such

8ltuations are rare, Nevertheless, there are two such localities in the

bpe’occurs in a road cut at the wes

tern entrance to the Secret Creek

end the other oceurs in the "Secret Hills" located between
Valley ang Ruby Valley,

that one can put his hand on both upper plate Permo-Carboniferaua

®> and the lower plate metamorphi ¢ basement, The thrust plane at this

¥ (8W2 of SEZ, geo. 36, T.35N., R

*59E.) is folded into & very minor
N (Fig‘ 61).

In the immediate area the thrust plane dips gently west-
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d very locally fine-graineq (up to .8

The fine-grained quartz in these
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of Secret Pess (BM 6465). Between Secret Pass and the thrust mass is the

pesentially exhumed surface of the thrust plane. Eest of the thrust mess, the
gxhumed thrust surfece is only loeally preserved,

The Snow Water unit of the lower plate in this area is composed pri-

' ily of white to bluish grey quartzite, marble, and lesser amounts of white

bo ;raam~colored pegmatite., (The distinction between the white quartzite re-

arded to be Precambrian, and the Ordovician Eureka quartzite present eslsewhere

in the general area has been previously discussed.) The Snow Water unit is

& he upper plate to the underlying Horse Creek thrust plane regarded to be Pre-

ambrien in age, and is the lower plate to the overlying Mesozoic Secret Cresk

hrust plane,

In the field, one locality of slickensided bluish white quartzite of

he Snow Water unit has been observed (SW} of SE1, Sec. 23, T.34N., R.60E.).

lhe slickensided surface plunges gently west-southwest. The slickensides

trike N.7b° E., and the transverse undercut fractures indicate thet the now-

moved overlying mess traveled easterly (Fig. 63).

In some thin-sections of the Snow Water quartzite near the thrust plane

@n be seen an earlier stage of highly sheared, elongate sutured quartz, and

later state of brecciation(Fig. 64). Angular fragments of the earlier sheared
Brtz are dislocated and scattered throughout a very fine-grained cateclastic
lartz mortar. Thin-sections of the white quartzite from outcrops just east

i Secret Pass and south of the east entrance to the Secret Oreek gorge show

nilar features, Significantly, no superimposed breccietion is present in
8 thin-sections studied of the white Snow Water quartzite immediately above

8 Precembrian? Horee Creek thrust plane (Fig. 40), end presumably strati-

fphically below the now-removed Mesozoic thrust plane. These relationships

tgest that brecciation, fracturing, and slickensiding affected these quartzites

R S T

flng the later, Mesozoic period of thrusting; and that the earlier cataclastic

tture s represented by elongate, sheered, and highly sutured quartz ogcurred
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Fig. 63, Slickensided bluish white quartzite in the Snow Water

88 seen along the exhumed Secret Creek thrust plene et a locelity in

® "Secret Hills® (8W% of SE3, Sect. 23, T, 34 N., R. 60 Es)e The
kensides strike N. 700 E. and plunge gently west-southwest. Treng-

undercut frectures indicate a relative easterly movement of the
Tlying thrust mess. View is looking down at gently inclined rock
face,
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ring probable Precambrian thrusting.

» Or buff, extremely resistant

In detail, the unit is often 8een to be p

Ehin it vary in size ang shape,

nely crystalline texture,
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Structures within the Upper Plate

peret Creek gorge area

In the Secret Creek gorge area (Map No. 2) the basal thrust plane is
lded into & broad northwest-southeast trending syneline which rather closely
grallels the present topographie depression between the northern Ruby Moun-
ins and the Eest Humboldt Range.

| The upper plate rocks exposed in this area are the Mississippian Dia=-
ond Peak formation, the Pennsylvanian Ely limestone, and the Permian Areturus
roétion. All of these units at one place or another rest directly upon the

gsal thrust plane and override the often truncated layers of the metamorphiec

psement., The upper plate beds sometime perallel, but commonly dip into and

e truncated by the thrust plene.

Subordinate thrusting within the upper plate succession has brought
firious portions of the Arecturus formation directly into tectonic contact with
oth the underlying Diamond Peak formation and the Ely limestone, The Arcturus
ids of'ten dip into the subordinate thrust plane end are truncated by it.
ecciated limestone, silicified rocks, or talus of igneous dike rock are occa-

lonally found along the thrust zone. The Diamond Peak and Ely strata are com-

¢tely eliminated in the areams where the subordinate thrust, ov&rlain by
'eturus beds, roots in the basal thrust which overrides the metamorphic base-
nt ,

Silicified rocks locally 6verlie the Arcturus thrust mess north of

st8ey Creek suggesting that poesibly another tectonic unit was at one time

®sent above it.

A northerly trending high-angle fault occurs elmost due north of the

8t entrence to the Secret Creek gorge. The fault has several hundred feet
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of displacement and drops down both Permo~Carboniferous and underlying meta-
;»rphic strate on its east side. Much of the rocks on the east gide of the
fault are covered by heavy vegetation., A number of outerops of resistant

gilicified rocks and Permo-Carboniferous limestone are present, but exposures

are insufficient to determine structurel relations, Some of the silicified

Secret Pass Area

South of the Secret Creek &gorge on the east flank of the northern

yiy Mountains, the Permsylvanian Ely limestone overrides the metamorphic bage-

ment along an easterly dipping basal thrust plane, Members of the Permian
‘uﬁturus formation are in turn thrust over the Ely limestone,

Lower to Upper Pennsylvenian strata are variously truncated both by

e

@w‘ovorlying and underlying thrust plenes; and both the Wolfcempian and Leo-

‘fdian strate within the Arcturus formation are veriously in contact with

subordinate thrust plane overriding the Pennsylvanian rocks,

The basel Secret Creek thrust plane in the area between the "Secret
f11s" and the east flank of the Ruby Mountaing forms an aepparently shalloy

Lhwesterly trending syncline.

- Southern East Humboldt Range

In the southern Bast Humboldt Range (Map No. 4), the Secret Creek thrust
I
lane ig anticlinally folded. The anticlinal axis trends northerly end plunges
l{’ south, The east limb of the anticline is dropped down by a northerly

® Morthwesterly trending high-angle fault,

Bt

The lower plate succession ig in part composed of a distinetive,

least i part cataclastic,

grey marble which ig tentatively regarded to be
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Precambrian and e mepber of the Snow Water unit (see p.,

72)+ The Secret Creek
thrust plene truncateg and virtually eliminates thig low

to the north and west,

thrust plane end are truncated by it, (For example, note the abrupt truncation
of the lower members of the "Park City formetiont at the Secret Oreek thrugt

es shown on Map No, 4),

By virtue of their contrasting lithology ang the truncetion involved,

the thrust contact between the Permien ang Triassic unitg and the underlying

lower plate marbles is very sharp and easily recognized,

However, the contact
between the Devonian carbonates (bearing Amphipora?) and the underlying marbleg

is not sharply defined. The Devonian roaks show various stages of

marbleiza-
tion" along the thrust zone, and near the Poler Star Mine appear to

ardly ctonverge in texture

1@ orest of the range in this area.,)

The Devonian beds described oceur in a gt

Blice which ig mepped as g Ordovician?

Likewise, the nature of two ed jacent
hortherly to northeasterly trending faults which truncate ang repeat "Park City"
nd Lower Triessic beds is not lkmown, It seens likely that these faults are

rélated to the underlying Secret Creek thrust rla

ne, and they are tentatively
interpreted ag such (see cross-section on Map No, 4),

On the east flank of the southern East'Humboldt Range, a thrust slice

0f the Pennsylvanian Ely limestone overrides memberg of the Permian Arcturus

Two probable outliers of thig subordinate thrugt mass rest upon

®rmian strata at the ridge crest,
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rtheastern Eest Humboldt Renge

The upper plate succession on the northeastern flank of the East

mboldt Range (Map No. 1) is composed of Mississippian to Permian beds whiech

e variously in thrust contact with the truncated‘layera of the Angel lake
it. Much of the thrust plane in this area is concealed Becauso of a rether
xtensive cover of morainal material.,

Subordinate thrusting and faulting within the upper plate succession is

gposed on ridges both north and south of Clover Creek. Two main tectonie

its are recognized in this area, a basal unit composed of truncated layers of

h the Diamond Peak formation and the overlying Ely limestone, and an upper

it composed of Leonardian members of the Arcturus formation, Field relations

idicate additional thrusting occurs in the upper tectonic unit.

r Breccie, jasperoid, and other silicified rocks are locally exposed at

i base of as well as within the internally thrusted Arcturus unit; however,

Bome localities along the thrust planes, dispite obvious truncation, tectonic

fects of faulting are imperceptible.

At one locality at the range frdnt, the subérdinate thrust plane beneath

bnerdian beds of the Arcturus unit is partially exhumed and dips rather steeply

the east. Jasperoid and jaspefoidal breccia probably related to the thrust-

8re locally exposed north and south of Willow Creek,

over Hil1®

In the southwestern portion of "Glover Hill", a structurally complex mess

essentielly Lower and Middle Paleozoic strate overridescataclastic lower plate

bles and marble breceias which are tentatively regarded to be Precembrian

Part of the Snow Water unit (see Pe 72). Within the upper plate succession

thin slices of possible upper Pogonip rocks, definite Eureks quartzite,

nian cerbonates, and some questionable Pennsylvanian limestone,




Fig. 70. Looking westward across Clover Valley
Humboldt Range. The Secret Creek thrust plane t
-south, separating the Angel lake unit (snow-gov
honiferous rocks (mostly grass-covered),
“iace between Clover and Willow creeks,

ered) from Permo-
Nof.e the preserved pediment




*quemessq oTydiow

=B3jemW 9yl Y3TIM 30@qu00 ISNIYY UT exw yoyym BUOTYBUIOF 9T70Z0sT8d PPN pue
JIS9AOT oYl 0% puodsesson £1y3nox 111y ®Ul Fo 3a8d ureylsemynos oYy ut sedoys
PeIoA0O-00a] *,TTTH 184A0TDy 03 foTTBA J040T) SSOIOB 3880 3JuT00] “1l*3yy

184




185

and

The attitudes in the upper plate succession are highly variable,
onic breccias at the base cf and within the 8uccession are not uncommon,

eld relations indicate a considerable degree of slicing and tectonie olimina~

on, but individugl tectonic units were not delineated,

Regional Setting

Large-scale shearing-off thrusting of décollement type in east-central

vada has been desecribed by Misch, Hazzard, Easton, and others (1953, 1954, end

& Peleozoic sequence ranging from Cem=
to Permian was reported to rest in thrust contect

1)« In the northern Sneke Renge,

with a Precambrian base-

{ of gneisses, granites, schists ang schistose quartzites, Large overthrusts

e also reported in the southern Schell Creelk Range, in the southern Cherry
ek Range, end in the Pequop Range. These thrusts heve been interpreted as

f.of & regionel shearing-off plane or décollement—type overthrust of Pale-

The thrust is reported to have moved east-
d, and has been dated s probably mid
i

ie rocks over Precambrien rocks,

-Mesozoie,
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CENOZOIC STRUCTURE AND HISTORY

Generel Statement

The writer hes subdivided the Cenozoie structural history of the

orthern Ruby Mounteins end the Esst Humboldt Range into three broad episodes

hich ere summarized below.

Evidence of the first episode is recorded in three Tertiary sequences
hich now flank the mountein mass, nsmely the Clover Velley, Starr Valley,
{h the Willow Oreek units. It is believed that the areas of uplift and
wﬁosition during this first recorded episode of deformetion were not neces-
erily similer to the present-dey northerly trending topography. This first
;fnode was.perhapa the longest end the most complex of the three, and
‘£bab1y included several uplift and erosion cycles.' Although local fossil
fidence is lacking, regional data suggest the episode recorded here began
88ibly in early and elmost certeinly by middle Tertiary time, and closed
metime in the Pliocene,

During the second episode, a huge northerly trending asymmetrie

ticline was formed in the aree of the East Humboldt Renge; and a northerly

ﬁ;ging anticline was formed in the erea of the northern Ruby Mountains.
fding was accompenied end/or followed by feulting. This second episode
f;ted the essential outline, shape, and trend of the northern Ruby
unteins end the East Humboldt Renge as it is seen today. 8ubordinate
enaverse folds occurring in this general episode also have influenced the
tline, shape, and internal structure of the renge, and evidently the
fucture of the flanking Tertiery deposits. This renge-forming eﬁisode

bebly occurred in an intervel sterting in the later Pliocene and extending
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o the Pleistocene. A period of erosionsl remavel of Tertiery deposits

1lowed, elong with pedimentetion, late Pleistocens glaeiation, end further

gsection.
The third episode of deformation was one of faulting, The episode
,],__gtea‘b Pleisi".ooene to Recent in age and hes further modified the topog-
phy of the area. The feults of this episode locelly follow the range front
elgewhere occur as much &8s 3 miles away from the rangi front, in the

;‘ ary basins. Paulting is represented by piedmont scerps which trensect
diment surfaces, Wisconsin moraines, alluvial fans, and valley bottom
z", um. Displacement during this peried of faulting evidently varied

m place to place, but usually appears to be less then 100 feet.

The above summarized Cenozoie structural history of the Northern

y Mounteins and East Humboldt Renge differs in some respects to en earlier
erpretation proposed by Sharp (1939b). In this earlier sccount the renge
| regarded as & “westward tilted horst®, the present outline of which

8 determined solely by feults which originated in the upper Miocene,

| which periodically had displacements up to Recent time. As & result of
g earlier inierprmuon, the Ruby-East Humboldt Range becsme & common

tbook exemple of typical “Basin-Range structure" (Eardley, 1951; Billings,
‘ Thornbury, 1955).

The present intérpretation differs essentially in the nature of the

Or uplift. Both interpretations are in agreement, fxmwver, that the time
the major uplift which crested the present relief of the range was in en
¥ extending from later Pliocene time into the Pleistocene. Further,
| interpretations are in agreement as to the nature end time of the last
hﬁa_ar Cenozolc deformation, i.e., minor faulting in late Pleistocene

tent time.
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The writer's interpretations are based upon the ereal mepping of the
cks end structures in the renge itself, and is supplemented by a study of
; Tertiary succession and its reletion to the present renge front. Rather
:?tical evidence was found in ‘the range, which wes not studied or mepped
:‘detgil by Sharp. 8ince a detailed study of the rocks and structure within
he renge was not & part of Sherp's original investigation (1938), the data
pon which some of hia conclusions were based were understandably incomplete,
| The writer has elsewhere described the simjlarity between the internsl
tructure of the range end the presemnt topogrephy. In summerys A mejor
angle thrust plene within the renge lies between o structurally complex
leozoic succession end a rigid metamorphic basement regarded to be Pre-
mbrien in age. This thrust plane now has the shape of a huge north-
rtheesterly to northerly trending anticline in the northern Ruby Mounteins
d the East Humboldt Range. Purther, the present topogrephy of the mountein
,? strikingly conforms to the shape of the thrust plane where remments of

e thrust sheet have been preserved.

For example, in the northern portion of the Ruby Mounteins the thrust

f;o dips easterly on the eastern flank, northerly on the northern flenk,
""" d northwesterly on the northwestern flank—=e-thus forming & nertherly
unging enticline which closely follows the present topography (Fig. 59).
the Secret Creek gorge area the thrust plene forms a roughly northwest
eagst-west trending syncline, epproximately paralleling the topographic
Pression between the Ruby Mountains and the East Humboldt Renge. At the
Fthern end of the East Humboldt Range, the northerly trending, enticlinally
lded thrust plane plunges to the north, and at thé southern end of the

it Humboldt Range the thrust plene plunges to the south,

If the internal structure of thebrange is basicelly a large enticline

o)

conforms to the present topography, it is a logical conclusion thet
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Q;‘anticlinal folding itself could be besically responéibla for the topog-

e
o

gphy. The folding observéd is of a magnitude that could readily account

or the differential elevation of 5000-6000 feet between the renge crest

i

Hy'the velley besins; end if the folding cen account for the present
spography there is no need to postulate normal faults at the renge fronts
1th as much as 5500-~6000 feet of displacement (Sharp, 1939b, p. 882). It
uld be noted that this earlier minimm fault displecement on the east
;;e of the northern East Humboldt Range was beased upon topography, end

ui upon measured stratigraphic offset, thet is, besed upon "the difference
n the altitude between the crest of the range and the base of the Miocene
gosits...in the velleys™ (p. 899); end farther south where no Tertisry
ks ere exposed, the displacement judged "solely from the topographic
ief" (p. 893).

Although there is apparently no longer a need to postulate lerge-
ele normel faulting to account for the present topogrephy, nevertheless
ortain relations do indicate that some feulting definitely did accompany

)
1d/or follow the major folding in the area.

First Episode

This episode was perhaps the longest of the three and the most complex,
. was & time which included periods of vulcanism, uplift, erosion, snd

th fluvial end lacustrine deposition. There were times of upheaval and

imes of celm; but it is believed that the areas of uplift end the basins
“deposition at this time were not necessarily the seme as the present-day
rtherly trending topography.

Ven Houten (1956, p. 2823), who has had access to well core data

l northeastern Nevada, hes stated that, "at leasst locally, the present

ttern of the renges end basins differs from that which prevailed during
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gh of Cenozoic time. Some arems thet are basins now were uplands during

jsodes of eggradation or they were uplifted end eroded after deposition,,,.”.
is view, thet gome Nevada basins in earlier Cenozoic time were quite unlike

, pgent valley outlines, has been expressed to the writer by é number of
oy

kers in the region,
iy

The lower or Clover Velley unit represents the first recorded history
i

the Cenozoic. It is o heterogeneous succession rich in volcsnic and

;anic -derived materiel, as well eg Peleozole &nd presumably Precambrian

{

8. Some higher members contsain pebbles of vitric tuffs and volecanic

% sendstones which sppeer to have been derived from upturned lower members

%ha succession. The exect locstion or trend of the source of thesge

;ﬁsits is unlmown, but the volcanic pebbles in the succession indicetes an

ﬁiar épisode of vulcanism in the region.

Where relationships are clear, these lower deposits rest unconformably

n the pre-Tertiary rocks of the range front. 1In the Secret Oreek gorge
¢ they unconformably overlie both the metamorphic basement end the tectoni-~

iy OVerlying Peleozoie rocks, end form en embayment esstwerd ebout one

L&)

8 from the western Tront of the renge. The loecal thinnese to complete

fnce of the Psleozoic succession at Secret Creek gorge when compared to the

Usands of feet of Paleozoic rocks present elsewhere in the renge, suggests

t in pleces a considerable amount of erosion occurred between Mesozoic
ting and the deposition of the Tertiery Clover Valley unit; end hence,

*eaat portions of the area of the East Humboldt Renge were presumably

8" during this episode, and in some of these portions, much or all of

' S8ecret Creelr thrust sheet was eroded awey.

In the Starr Valley unit, the abundent end widespread fine-grained

1ts, such as tuffaceous sendstones, siltstones, reworked vitrie ash, end

1
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sh weter limestones, suggest periods of relative quiet and lacustrine

}ﬂgition. The occasional layers of Paleozoic-pebble conglomerates and
breccia lenses in the succession, however, suggest sudden episodes
nearby uplift end possibly temporary eliminetion of some locel leke
yironments.,

It has previously been postulated that the limestone brecciss =nd
bble conglomerates which are exposed in Clover Valley one-helf to 3 miles
,% from the range front were derived from a fault at the front of the Easst
iboldt Renge in Miocene time (Sherp, 1939a, p. 137). These outcrops are,
;act, the only features used as evidence to support feulting along the

nge front in "Miocene Humboldti®™ time (1939b, p. 902-903). Although these

ccias mey be the result of a newly created scarp in ™Humboldt" time, the
iter found no evidence to indicate that the postuleted scarp was located
the present range front et this earlier time. The only concrete evidence
ted by Sharp (1939a, p. 137) to support this view wes "The base of the
ssent scarp exposes limestone similar to that composing the breccie.® The
‘§§r does not believe that this would prove or diﬁprove a particular source
ation for these breccies. Nevertheless, the statement is only pertially
E}aée. While some breccias do resemble limestones of the mountein mess,

¢ breccies at the northwestern end of Clover Valley (near Clover Valley
ger Station) do not. Some of these breccias are composed of fossiliferous
onian fragments. No similar Devonian streta is present anywhere along
east front of the East Humboldt Range.

Paleozoic-pebble conglomerates are absent in the uppermost part of the
T Velley unit end deposits appear to be almost wholly lecusirine,

,ﬁceous, end fine-grained. The similarity of these uncontaminated

fBceous deposits of the uppermost Starr Valley unit on both flenks of

fenge suggests that in upper Starr Velley time an essentielly continous

n existed across the erea where the East Humboldt Range now exists.
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rthermore, the Willow Creel rhyolite, now only loecally exposed on both

lanks of the renge, essuming the writer's correlations are valid, mugt have

iginelly been continous. The rather steep eastward dip of the rhyolite at

o northern end of Glover Velley indicates that it was involved in the uplift

' the range, These points suggest that at the close of Willow Creek time

erheps lower or middle Pliocene), the areas wes essentially a lowland, much

' which mey have been covered by & cooling blanket of rhyolite.

Becond Episode

Introduction

The second episode of Cenozoic deformation was responsible for ereating

e basic topography of the northern Ruby Mounteins end the Bast Humboldt

This episode cannot be precisely dated,

nge as seen today. but it probably

ecurred in an intervel extending from the later Pliocene into the Pleistoncene,

idence available indicates that during this period the northern Ruby

@Ltnins end the East Humboldt Renge were created by lerge-scale northerly

| north-northeesterly trending enticlinal folding which was probably accom~

nied and/or followed by some high-sngle faulting.
lding,

A period of tremsverse

which presumably ocecurred during this general episode, modifies the

91¢ northerly trending structures,

The nature of end evidence for the anticlinel folding, which is

gerded to have been significent in the formation of the northern Ruby

Wnteins and the East Humboldt Renge, has been described elsewhere. The

10-Pleistocene age for the uplift is based primerily upon steeply dipping

8 in northwestern Clover Velley of probable Pliocene age which clearly

® been involved in the uplift of the renge. Also, one explanation for

J&pparent lack of Pleistocene glaciation eerlier than the Wisconsin in the

'8® (Sharp, 1938b, P. 305) might be that the renge did not ettain its
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ggent ettitude until later in Pleistocene time——-sa possibility originelly
VQtioned by Sharp, Furthermore, the present rugged and youthful topography
e;gests a iﬁte Cenozoic origin.

As previously stated, the megnitude of the folding was alone sufficent
o eccount for the present topography of the range; and it therefore seems
scessary to now modify Sharp's previous hypothesis which states that thq'
engeé is structurally a 'westwerd tilted horst® bounded by normel faults with
@agnitude of up to 20007 feet §n the west side emd up to 5800 feet on the
pst side (Sharp, 1939b, p. 901). The main problem is learning, if poasibla,
v&;extant to which faulting may have accompeanied end/or followed enticlinal
olding, and the displacement of such faulting.,

Second Episode Structures on East Side of the East Humboldt Renge

Most of the eastern side of the East Humboldt Renge is devoid of exposed
rtlary deposits, end the range rises rather sbruptly from en alluvium—

vered pediment slope underlein in part by metemorphic rocks of the Angel

ke unit. (see Physiography). Only et the northern end of Clover Valley

® Tertiary strate exposed. Here e dissected pediment surface truncates
rtiery beds end ends et the bedrock of the range front, Bofh feaulting and
?ding of the Tertiary succession have occurred in this ares.

- "Clover Hill"™ lies 2 to 3 miles emst of the northern East Humboldt

ge. The bedrock structure in the northern portion of the hill is &

rtherly plunging enticline. A northerly trending reverse? fault of rele-
éely large displecement occurs along the west side of the hill (structure
¢ality 1 on Map No. 1). Brecciated celcite-veined Tertiery rocks were
llected in<severa1 localities elong the fault. Patches of soil ere locally

ined orange to red, and some mineralizetion end breccistion was noted st

ld mining sheft slong the fault trece. Pseudo-Diemond Pesk conglomerate
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ds end Paleozoic-limestone breccia lenses veriously strike or dip into the

ult plene, The conglomerstes often yield e reddish to brownish soil which
cks the heavy tree growth found on the Paleozoic limestone on "Clover Hill.®
y fact, the fault trace coincides closely with this contrast in vegetation.

? gbout 1750 feet of the Clover Valley unit underlies the limestone breccia
 this area as do on the west side of Clover Velley, & displacement of some-
nat more then 1750 feet is indicated. The inclinetion of the fault plene

}gtoep end it mey dip to the east. At lower elevetions toward the southern

f |
nd of "Clover Hill® the fault trace is farther east, suggesting it is a

@;-angle reverse feult. On geomorphic evidence Sharp mepped e fault on the

ﬁt gide of this hill, but he did not map the one presently described on the

i

North of "Clover Hill,® Tertiary conglomerate beds strike into the
T

11. An east-northessterly fault between the metamorphic besement end

'

fertiery beds may be present (structure locality 2).

On the steep linear northwest flenk of the isolated hill lying due
uth of "Clover Hill®™ a vivid red to orange soil is exposed. The linear

AQ heasterly trend is perceived on serial photographs out in the valley

o the southwest, suggesting that a high-sngle fault could be present (strue-
are locality 3).

Both faulting snd poesibly several eges of folding havé deformed the
iar§ su;;§ssion in the northern portion of Clover Velley, One prominent
Arﬁctural discordsnce between the Tertiary succession in the northwestern
irner of the velley end the Tertiery sequence to the south is quite probably
Ue to a northeasterly-trending fault (structure locality 4). Unfortunstely,
ediment slluvium covers the critical relations. The Tertiary rocks north ‘

f the discordence form e steeply eastwerd dipping homocline. To the south,
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he width of outcrop of both the u@rg,, 

gch greeter, the succession is fold

4 also is locelly faulted. /

. Other feulting in the Te

here the creek emerges from

jalley. On the east side o.

‘K:dip gently to the south, then .

ﬁuarently due to drag slong en east-no.

(structure loceality %)a Alluvium-covered ﬁh,

lein by fine-grained Tertiary deposits, occur imme.

tructures noted on the east gide of the creek were not

yide, end, in fact, rhyolite is exposed roughly 900 feet far

ihe west side. There is, therefore, & strong suggestion of nvlaﬁg_‘

ent of movement on e north-south feult along this segment of Willow Cre
such & fault presunably would heve originated after the uastnnorﬁhga??g“%
érsndiug feult on the eest aide.of the creek. -

All of this subordinate éaulting end folding esst of the r;ngu‘??oﬁi
is believed to heve veriously originated during end after the mein episode
of mejor enticlinel folding of the renge.

The extent to which faulting mey have accompenied the snticlinal
folding on the east front of the northern Eest Humboldt Renge is not lknowm.
8ince the major folding wes of & megnitude sufficient to account for the
‘iieVation of the mount#in mess, evidence for either the presence of faulting

or for its megnitude cannot be based solely upon the verticel relief of the

renge. Furthermore, truncation of gtructure at the range fron can herdly

be used as a criterion for high-engle faulting in en area which has been

thrusted and then enticlinally folded. In this erea, for exeample, the layers
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the metemorphic basement are often truncated at the overlying Secret Creek
rust plene. Likewise, the overlying Paleozoic to Lower Trisssic succession
 often trunceted et the thrust plene, end is subordinately thrusted and
ulted. Hence there is no reason not to expect truncation of either upper
ilower plete rocks which mey be exposed at the renge front at any stage of
osional retreat.

| Further, because of the subordinate thrusting which has often brecciated,
1icified, and fractured members of the upper plate succession during

158 gozoic orogeny, the local presence of a silicified and/or brecciated mess

! Paleozole rock at the range front should not be sssumed to be due to

ige front faulting. BSuch a breccia related to Mesozoie structure could

ve been exposed by erosion at the land surfece prior to Tertiary deposition.
, 18 definitely known thet a considersble emount of erosion did occur prior
 the deposition of the Tertiary Olover Velley unit, and partially becsuse of
e the upper plate succession is not everywhere present and where present

t8 thiclmess varys. Only if the brecciation involves Tertiery beds, would

e use of a brececia to prove range front feulting be valid. But even in

iis latter cese, the magnitude of faulting would be often difficult to
termine without drilling or geophysical work, since the base of the Tertiary
ccession in the valley e¢en only be inferred.

What evidence is there for faulting along the east front of the East
TQ-Idt Range? As Sharp has previously edmitted, there is "little direect
blogic evidence of faulting...availsble® (1939b, p. 892). Bharp reported
dily one locality elong the entire east fron where the postulated boundary

Ult vas exposed (19%9b, p. 892). This was on the north bemk of Willow Cresk,
% Bec.2, T.36N., R.61E. at structure locality 6. The writer is uncertain

ther he saw the exact locality referred to, but the relations ebserved
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 this general aréa are as follows: A fault is present et this locelity,

pd the fault dips steeply to the northeast as Sharp reports. By detailed
pping of the structures in the range itself it seems clear thet the fault
actually a subordinate thrust plene involving upper Paleozoic rocks. A
pudy of only range front relstions is quite mislesding because much of the
wrust plene appears to heve been exhmmed prior to deposition of the Tertiery
wecession. Of significence is the fact thet the Tertiery beds directly
djacent to this apperently exhumed peult surfsce show no evidence of brec-
ation, and are apparently in depositional contact upon the thrust plene.
ritical remnents of the upper plate to this thrust feult are locally
regerved at both the base end the top of the scerp. At the base of the
carp, Tertiery beds rest upon both upper end lower plate rocks. Fugulinids
rom the EE of NWg, See. 3, ?.36N., R.61E. end SWE, Sec. 34, T.57TN., R.61E.
dicete thet the upper plate rocks are Leonerdien. Megefossils in the lower

1

lste are from the Pennsylvenian Ely limestone.
: The upper plate rocks locally heve been silicified end breccieted

d in some pleces are jesperoidal. A mess of jmsperoid forms & prominent
aiterop et the range front just south of Willow Oreek end mey be releted to

he above described subordinate thrusting.

f The sbove described Willow Creek locality was the only plece where

here was reportedly direct evidence of normel faulting along the esst

ront of the renge. South of Ralphs Oreek, 8Sharp found thet the only geologic
tidence of Peulting is the reletion of the jnternal structure end the

nge front.* The rocks exposed south of Relphs Creek ere high-grade
stamorphic besement rocks which heve been subjected to pedimentation and
ttensive gleciation. MNost of the exposures now seen oocur 1 to 2 miles

of the range front. These rocks are & pert of the trunceted besement

lccession beneath the now-removed Secret Creek thrust. Any originel
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uncation of structure beneath this thrust plane would logically be seen
ythé range front after the thrust plane is eroded, and therefore, trunca-
ﬁn in this case would not prove mormal feulting. But, in sny case, the
iﬁncation now observed is dus more to erosion then to anything else.

The lack of direct evidence for ramge front faulting does not mean,
icourae, thet no high~angle faulting wes sssocieted with folding. Some
ridence not mentioned by Sherp, in fact, suggests that in the vicinity of
gyhy Creek fauvlting may heve ocourred, Here what ias tentatively correlasted
the Willow Creek rhyolite rests edjacent to a small mass of pre-

rtiery limestone. The nature of the contsct between these units ia not

oW . The rhyolite adjacent to the contact is en uneltered and unbrescisted
lack perlitic gless. Becsuse of this, an unconformable relationship with

e Paleozoic is es likely es faulting. However, if the perlite escaped
ecciotion end the contact is a fault associated with the mein folding,
lsplacement would have to be equal to the unlmown thickness of Tertiary

ds which may or mey not be éresent beneath the rhyolite at this locality.
t the northern end of Clover Velley sbout 4250 feet of Tertisry strata
derlies the Willow Creek rhyolite).

:_ In aummary, aveilable evidence indicetes theat the east front of the
st Humboldt Renge is besically the esst limb of a huge northerly trending,
ubly plunging, anticlinal fold. The presence, extent, or magnitude of
ously reported normel faulting elong the eest front of the range is not
ovn. The evidence previously used in this erea to prove both the presence

d megnitude of feulting, however, cen no longer be regarded es indicative

ot

'normel feulting. But despite the apparent ebsence of conclusive evidence

I

 prove high-engle faulting along the east flanmlk of the renge, there is
kewise no conclusive evidence to disprove the possibility that some faulting

8 essocisted with or followed the major enticlinal folding. Feulting of
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iignificent megnitude during this episode did occur es evidenced elong

the west flenk of "Clover Hill.®

8econd Episode Structures on West 8ide

© of the East Humboldt Renge
The western slope of the Esst Humboldt Renge is very gentle compared
fo the rether ebrupt eestern front. The inclinetion of the slope very
glosely epproximates the dip of the leyers in the metamorphic besement,
hich everages 10 degrees to the west in the central part of the range.
ements of the Secret Creek thrust sheet show that the thrust plene parallels
@th of the metamorphic layers on this flank of the range, The trend end
inclinetion of the range front closely epproximate the attitude of both the
psement succession and the Secret Creek thrust plene vhere they are exposed,
¢ﬂre the metamorphic terrene is subordinately folded into a broad east-

trending syncline, between Boulder and Herder Creek, the range front

orms & prominent embeyment about 2 miles deep. On the northwestern flenk

f the renge basement the rocks dip more steeply, likewise the range front

| steeper and parallels the strike of these beds (Fig. 47). Between Dorsey
1d Reed Creeks, Paleozoic rocks are exposed, and here the renge front is

ire abrupt. In short, the close relationghip between the internal structure
f the range end the range front is one of the most impressive festures on
e wegtern flank of the range.

Although evidence for smell scale post-Wisconsin faulting (third
1sode) on this west side of the renge is good 1) along the renge front

rth of Hell Creek, 2) 2 to 3 miles from the range front between Herder end
ed Cresks, end 3) along'the range front' in the Ross Creek arem, conclusive

5dsnce for an episode of earlier second episodﬁ normel feulting is scarce,
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In fact, the overall conformity between the structure within the range and
jhe renge front might be regerded as indirect evidence sgainst such faulting,

jovertheleas, in some places Tertiary beds do locally eppear trunceted by the

gountein front, and some second episode feulting is suggested locally,
Just south of the northern end of the range Sharp reports remmeants

f & piedmont scarp cuttingvfan gravels. This scarp is certeinly pest-

ﬁsconsin, end a pert of the third episode of Cenozoic deformetion which is ‘

to be described in the next section.

The evidence cited by Sharp (1959b, p. 896) for earlier faulting

long the renge front is as follows: ",,.Between Ackler Creek and Secret

k good exposures of Miocene beds give ample geologic proof of faulting.

n & number of places fine-greined Miocene beds dip directly toward the
teep scerp of the mountein block. That these fine~grained beds could be

ﬂ ‘ . 3¢osited so close to a steep scerp does not seem possible end the ettitude

il i )

i §

q} . f the beds shows thet the relations are due to feulting rather then folding". ‘

it The several localities where Tertisry beds dip directly toward the ‘

L ; enge front are certeinly suggestive but not necessarily indicative of

i ' 7 fulting, Actuelly, nowhere along the range front where Tertiary beds

! 1 | o medistely adjecent to the pre-Tertisry bedrock seem to dip directly into |
|

|

‘ﬂ pre-Tertiary rocks. 1In fect, the only clear relstion observed et the

il | inge front wes where flet-lying Tertiery siltstones end volecanics rest
J ficonformably upon neerly horizontel pre-Tertiary merble. This locelity is
” 1 the west benk of Stepﬁan Creek (NW%, Sec. 7, T.35N., R. 60E.) This
| 4 Ingle exposure displaying en unconformable relationship would not, however,

! 9 feclude the possibility of feulting slightly ferther westward, emd such

. ﬂlting mey definitely be present here and elsewhere slong the renge flank,
|

1 | !

! T instence, the Willow Creek? rhyolite mess which is exposed north of
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gﬂhens Creek appears to strike northwesterly end dip gently to the north-

Rt It outcrops roughly 2000 feet west of pre-Tertiary rocks end strikes

)

ito the very gently westwerd sloping renge front. If sbout 4250 feet of
ortiary streta underlie the Willow Creek? rhyolite here as at the northern
% of Clover Velley, o large smount of displacement along ermorth-northesst-
;;y trending normel fault would be indicated, in fact, more then the 2000?
jt postulated by Sharp. Unfortunately, the thickness beneath the rhyolite
re is unimown. Much of it could have been removed by either pre-Starr
alley or pre-Willow Creek erosion. Geoﬁhyaical date would be helpful in
L;ving this problem.

: In Secret Pass, Sharp (1939b, p. 896) reported ...z wide breccisted
‘Ee gsepaerates the pre-Miocene rocks of the mountain block from the basin

leposits. A minor subsidiary fault is exposed in the basin deposits aslong
e south flenk of Secret Creek helf & mile west of the boundery feult. These
,;tures further substantiate the presence of a fsult at the west base of the
nteing.® The "wide brecciated zome" wes not described or located, so it

3 uncertain whether this writer observed the exect locality referred to.
wever, thls generel ares wes studied quite thoroughly and the breccia
bserved by the writer in this area is now described: A variously brececiated,
1 ractured, and pulverized mess of Permo-Cerboniferous limestone is exposed
. the west entrance to the Secret Oreek gorge (just north end west of
l5818 in the 83, Sec. 36, T.35N., R.59E.) This mess has been previously
acribed in the chapter on Mesozoic structure. Mepping of the internal
tr ctufe of the renge has ghown that this breccis is at the bame of the

Cret Creek thrust sheet which here essentially dips gently westward. The

>

Peccin is clearly in thrust contact with the underlying metamorphic

isement. Both north and south of the gorge, Tertiary beds rest unconformebly
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upon both the lower plate basement succession and upper plate Paleozoic
rocks. No breccietion of Tertiary beds wes noted enywhere in this aree.

The minor subsidiary fault which Shaerp describes (1939b, p. 898) lying one-

S

helf mile west of the "boundery fault" is of small displecement end “has
prought Quaternary elluvium on the west side into contact with Miocene

pasin deposits." The feult wes observed by the writer énd is probably latest
Pleistocene to Recent, and is not of major significence. These latest

genozoic feults are not uncommon end are discussed in the next section.

South of Secret Creek, Sherp (p. 896) reported *...remnents of &
ledmont scerp extend elong the base of the mountains for 2% miles to the
puth of Ross Creek. This scarp appears to be composed entirely of fan
leposits." This writer noted thet the range front starting south of e
oint 1% miles south of Secret Creek, locelly does appesr to heve been

ﬂﬁacted by latest Pleistocene to Recent faulting. This feulting is dis-

ussed in the next section.

Subordinate Transverse Folding of the Second Episcde
Secondary trensverse folding superimposed upon the major northerly
0 north-northessterly structural trends sppear to have had a direet influence

1 shaping the basic topogrephy of the renge end the outline of the range
40 to

In the area of the Secret Creek gorge a west-northwest trending syn~

f§e (as mapped at the base of the Secret Oreek thrust) conforms to the
fnsverse topogrephic depression separating the Ruby Mounteins frbm the

8t Humboldt Renge. To the north, several trensverse folds heve a distinet
‘}“t upon both the topogrephy end the outline of the range front. The northé

103t fold is an anticline which trends roughly east-westerly, passing
|




hrough Greys Peek and plunging to the west on the west side of the range,
e southern limb of the fold wes mapped north of the middle fork of Herder
c where the Secret Creek thrust plene dips southeesterly. The metemor-
hic basement succession in the ares is not greatly truncated by the thrust
lane. The north limb of the anticline lies north of the north fork of
srder Creek. Along the axis of the fold the outline of the renge front shows
prominent outward bowing on both flanks of the renge (see main geologie
sp). In Clover Valley the superimposed structures cennot be directly mepped,
ut the east-west trending dreinage divide in Clover Valley may represent the
esent expression of the fold exis. This drainege divide is a transverse
iigh® in Clover Valley which separates streams which flow northward into
e Humboldt River, and those which drain inte a closed basin to the south.
Bouth of the above-described anticline is & brosd transverse syncline.
hese structures have been mapped in the metamorphic succession on the west
lank of the range, since the beds above the Secret Creek thrust have been
g;'ed. The dips of the metamorphic terrane on this flenk, however, appar-
ly closely conform to the dip of the thrust plane, as suggested north of
der Creek and south of Lost Creek where very smell remments of the thrust
®. are preserved at the renge front. The syncline plunges to the esst, and
Teflected by a prominent topographic embeyment et the range front 4 miles
g end 2 miles deep. The embeyment lies between Boulder end Herder Oreeks
L 18 significently deepest along the exis of the westward-plunging syncline.

the east flenk of the range the exis trends 8o as to pass approximately

i~westerly between Ralph and Schoer Oreeks. BSignificantly, the Willow

8k? rhyolite which is exposed on en isolated hill north of Relphs Oreek
been oddly folded into e structure which eppeers to represent e northerly

east-westerly structural trend, one superimposed upeon the other,
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Third Episode

Piedmont fault scerps and scerplets slong the west front of the Ruby-

st Humboldt Renge are interpreted as representing the third episode of‘

formetion in the area, which is latest Pleistocene to Recent in age. Some

f these have been described by Sherp (19%9b). The pledmont scarps locally

1low the range front but appear moatly out in the adjacent besins in this

‘ef. They trensect alluvial fens, terrace end pediment surfaces, valley

ttom alluvium, end in the Lamoille area to the south, lste Pleistocene

raines. The apparent displecement on these faults ig relatively minor

;yarad to the present relief of the renge. The displacement on most appears

 be less than 100 feet,

- No piedmont scerps occur along the eest front of the Fest Humboldt

ige. 8ignificantly, Wisconsin moraines et ihe mouths of Clover, Willow,

d Angel creeks extend outward onto en earlier Pleistocene pediment surface

d are undisturbed.

The highest scarp on the east flenk of the East Humboldt Renge is

out 75 feet high, It occurs in alluviel deposits &t the mouth of Greys

ek and can be traced northward for several hundred yerds., On the north

de¢ of the creek, the northeest-trending scarp is paralleled by a lower

theast-facing searplet about 20 feet high. These two opposing scerps form

listinctive graben-like trough. 8imiler, though less pronounced features

Fé observed at the mouths of Burger Creek end enother unnamed creek near

‘Northern end of the range. At the northern tip of the range is & linear

t=northeest trending 8cerp which may be due to this late episode of faulting.

”cresently mapped contact between the Tertiary sedimentary rocks and

C8nics et the northern end of Clover Valley approximates a poorly defined,

tielly east-west trending piedmont scerp

which is quite possibly due to
' late episode of faulting.
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South of Herder Creek piedmont scarps do not follow the range front.

Jerge dissected pediment platform underlein by beveled Tertiery streata

xtends aouthwestwerd for ebout 15 miles. The platform slopes gently to the

st and ends rather sbruptly st sterr Velley, 2% to 4 miles west of the

nge front. The terminstion of the pletform is & dissected scarp often

sveral hundred or more feet high. Nertherly to northeasterly trending

edmont scarplets trengect valley bottom alluvium et Boulder end Reed creeks.

ese scarplets occur where these creeks emerge from the pedimented Tertiary

jetform and enter gtarr Velley, & distence of between 2 snd > miles from

This faulting suggests that the main terminetion of the

ediment pletform may in part be due to an earlier stage of faulting of

reater displacement, end that the present scerplets reflect late movements

long these faults. - The northern terminstion of the pediment pletform, how-

ar, mey be due to lateral plenation by Herder snd Ackler Creeks.

g A narrow, graben-like trough occurs west of the Sterr Velley road

ween Reed end Heelfly creeks, 3z miles west of the range front.
Both the width end elevation of the Tertiary platform decrease

ly south of Sécretrcreek, end one mile south of the creek the Tertiary

sits eppear to be entirely covered by renge front slluvium. The range

ont for seversl miles south of Secret Creek is believed to epproximate the

stern slope of the exhumed gecret Creel thrust plene. The renge front

y be modified by latest P;eietooene to Recent faulting es is suggested by

scerp at the mouth of Wilson Creek (next creek south of Ross Oresk). A

1 pediment surfece with 2 trienguler outline (one-third of = mile in
ngth along the renge front), is preserved in back of this west-fecing

The scarp is ebout 200 feet high, and 1is probably & fault scarp.




about 13 pilesg, The platforn slopes gently to the
west and ends rathep ebruptly st gtary Valley,

2% to 4 mileg west of the
ange front,

The terminstion of the platform is a disgected scarp often

platform and enter Starr Vaelley, a distence of between 2 and 3 miles from

This faulting Suggests that the main termination or the
pediment pletform may in part be due to an earlier gt

the renge front.

greater displacement, end that the present 8cerplets reflect late movements

elong these faults. " The northern terminetion

of the pediment rletform, how-

between Reed ang Heelfly creeks, 31 miles west of the range front,

Both the width and elevation of the Tertiery platforn decreage
narply south of Secret Creek, ang one mile soy

th of the creel the Tertiary

length along the renge front),
carp .

is preserved in back of this west~

facing
The scarp is about 200 feet high

» @nd 1s probably a fault acafp.




The renge front in this area south of Secret Creek is distinctive

peceus® of several triengulsr facets exposed at the mouths of Ross and
Mirphy Creeks. BSuch facets heve often been used as physiographie criteria
for normal faults. These facets slope ebout 25 degrees to the northwest,
W{d ere believed to be essentially the exhumed western limb of the anti-
;inelly folded Secret Creek thrust plane. As previously mentioned, however,
g minor latest Pleistocene to Recent fault mey lie at the base of the range
front end these facets. |

In summary, there is good evidence for & latest Pleistocene to

‘éoent episode of feulting along snd adjacent to the west flenk of the East
bl fumboldt Renge and northern Ruby Mountains. This episode of feulting is
vidently absent on the east flenk of the Eest Humboldt Range. The faﬁlts
are represented by piedmont scarps which occur at the range front, but
mostly out in the flenking bssins. Displecement along most of the faults is

Bpparently less than several hundred feet and usually mich less.
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PHYSIOGRAPHY

General Stetement

Much of the physiogrephy hes been discussed in the chepter on

genozoic structure end history. This section will briefly discuss the
‘.aj,nage, glacial festures, pediments and terraces, end lake shoreline
features , which have been described in mors'detail by Sharp in his excellent
pepers on the geomorphology (1940) end gleciation (1938b) of the Ruby-East

':s Vi bo ldt nge L

Drainage
Distinctive because of their high relief end rugged elpine topography,

the Ruby-East Humboldts are an unusuel Nevada range in that they are oftenm

( senil ‘%@wnappad in mid-summer months. Many streams flow from the mountain area

throughout the year, end the renge is dotted with over 30 smell elpine lekes.,

Most of the stresms on the east side of the renge empty into wide

Intermountein basiné. Huby, Franklin, and Snow Weater lskes lie in lower

arts of these closed basina, In contrest, the streems on the west side of
the mountein mass hove open drainage, and eare tributaries to the well-known
umboldt River. The tributaries from the Ruby-East Humboldt Range ere

probebly the most important source of water for this 300-mile-long river,

thich heads in the Elko-Wells erea and empties into & basin about 65 miles

~northeast of Reno.

Glecial Peatures

| The Ruby Mounteins end the Eest Humboldt Renge were extensively

elaciated during Pleistocene time, U-shaped valleys (Pig. 72 ), moraines

f-». 74), eirques, tarns (Fig. 73 ), and other glacial features are plentiful.
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fing (1878) was the first to record glacietion in the range., Blackwelder

ﬁgﬁl, 1?54) celled attention to certain glaciael features in the range in
jwo papers on Great Basin gleciatien. Sharp (1938) hes deelt with the
glecietion of the range in considereble detail, end the reader is referred
to his excelient peper on the subject. '

Both Sherp and Ela&kwelder found evidence of two separate glaciations
in the Ruby-Eest Humboldt Renge. These were termed the Lamoille (earliest
fisconsin) end Angel Leke (later Wisconsin) substages, end respectively

orrelated with Blackwelder's Tehoe (older) end Tioga (younger) steges in

the Sierrs Nevada.
|

During the Lemoille substage, the glaciers were of greater extent

joth in length and thickness then those of the younger Angel Lake substage,
lccording to Sharp (1938), "The Lamoille substage gleciers descended to an
verage altitude of 7300 feet on the west side and 7200 feet on the easgt

ide of the renge. Glsciers of the Angel Lake substage were shorter snd
escended to en average altitude of 7800 feet on the west side and 7600 feet
n the eaét side.® Sherp estimeted thet the ice atteined a maximum thickness
f 900 feet during the Angel Lake substage, and was thicker during the
fmoille substege. He calculated that epproximetely 17 percent of the East
mboldt Reange was covered by glaciers in the Lamoille substege, and 14 per-

Mt during the Angel Lake substage.

Pediments and Terraces

Surfaces on the West Flank
Pedimént and terrace surfeces sre well developed on the west flank
f the Eest Humboldt Renge south of Herder Creek. In Sherp's (1940)

fCussion of the geomorphology of the rengé, he mentioned the development
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Fige 73. Looking northeestward et Gibbs Leke, & tarn on the east
ide of the central East Humboldt Ranges Clover Valley is in the middle~
round, The low tree-covered range in the right background is shown on

ome maps es the Wood Hills. Bedroek in foreground is a portion of the
gel Leke unit. 5
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f two pediments correlated with similer surfaces on the west flenk of the

quby Mbuniains.

Sharp numbered the surfaces eaccording to elevetion. The highest was

~

umber 1, end the next higheat wes number 2. The number 2 surface is the

est preserved end most extensive of all the surfeces, It was named the

jee surface by Sharp beceause of ite distinctive development neer the town

f Lee, 20 miles south, on the South Fork of the Humboldt River.
The Lee surfece on the west flenk of the East Humboldt Range ia
est developed between East Fork Boulder and Herder creeks. It is & broad

revel-mentled pediment that bevels a platform of Tertiery deposits lying

between the range front end Sterr Valley. The bounda;y between the Lee sur-

ace and the renge front is not abrupt, end for the most pert appears to

orrespond feirly closely with the boundary between the_Tertiary end the -

arder bedrock of the ronge itself. The surface is remarkebly smooth and
t slopes gently to the west for e meximum of about 3 miles from the renge

ront. In most pleces it is 200 to 300 feet above the streem prade of

lerder end East Fork Boulder creeks.

None of the four terraces below the Lee surface are very extensive

! the East Humboldt area end ocecur only @s smell remnsnts between and l f

long streems. The spproximete average elevetions of these terraces above | | “

tream grede in the Boulder Creek erea es reported by Sherp are: Surfece

200 feet; Surfece &4, 150 feet; Surface 5, 60 feet; Surface 6, 30 feet.

The presence of the lower four terraces indicate that the dissection

' the extensive Lee pediment took plecé in stages. And as Sherp observed,
|

6 time lepse for eech of the succesive stsges must have been shorter then : |

¢ time required to form the widespread Lee surfece, otherwise the Lee |

Ifece would have been destroyed,




Pige 7T4s Looking northward et lobate~like eerly Wisconsin (Lemoille
Substage) moraine which extends outward onto Clover Velley pediment sur-
face between Ralph end Schoer creeks. Bedrocks in the upper left are mem~

bers of the Angel Leke unit, Tree-covered “Clover Hill" lies in the right
middleground. \
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Surfaces on the East Flank

Pediment surfeces truncating both meteamorphic rocks and softer
fertiary rocks cen be found on the east flank of the East Humboldt Range,

A dissected pediment ecross inclined Tertiary deposits occurs at the
gorthern end of Clover Valley. It is best preserved between Willow and

glover creeks (Fig. 70). These two creeks, incidentelly, ere the only two

sks on the east side of £he renge thet have exterior drainage. They flow
northerly into the Humboldt River.

The pediment in Clo&er Valley truncates only the softer Tertiary
‘;goaits; it does not bevel the resistant bedrock units of the renge itself
ftthe hard Tertiary rhyolite units in the valley. Thus, the separetion
;g:ween the range end the velley corresponds closely to differenc?s in rock

'?iistance, end the break is often rather sbrupt.

The pediment and the break in slope et the renge front is evidently
fgire-lowan (early Wisconsin) feature inasmuch as lobate-1ike moraines of
Lamoille substege extend outward scross this breek and onto the pediment
ﬁ;face‘without interruption. These projecting moreines are prominently
gbplayed between Willow and South Fork Angel creeks, end agein to the south

@tween Schoer and Relph creeks (Fig. 74). It should be noted thet this is
f contrast to relations in the Heenen-8eitz Creek ares on the west flank of

central Ruby Mountains, where projecting moreines have been cut by latest

i8istocene or Recent faults along the range front,.

The eest flank of the imposing Emst Humboldt renge front from Relph

Teek south is characterized by: gentle gravel- and sometimes boulder-

Overed alluviel slopes; absence of visible Tertiery deposits; and in pleces,
Ich es just south of and along the banks of Steels Oreek, exposures of the
i!morphic besement succession. In an embenkment north of the east-westerly

ending Werm Springs ridge, 43 miles north of the southern end of the East
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mboldts, low-lying knobs of marble and quartzite, up to 1% miles east of

he renge front, rise above a thin alluvial veneer., These features would

8 .ggegt that much of the alluvium-covered slopes flankdng the east face of

e East Humboldt Range are veneered pediﬁents 8t least in their upper parts,

J 198 Sharp (1940) describes a dissected barerock pediment encireling the

Jthern end of the East Humboldt Range which has developed across both
liocene? lavas" and pre-Tertiary rocks, i

_ |
10 ‘
] - Lake Shoreline Features |

\
Snow Weter, Franklin, end Ruby lakes are lakes, marshes and playas I
hich lie in the valley areas east of the Ruby-East Humboldt Range. These

|
kes formerly had higher levels ag indicated by often prominent old shore~ ‘

ne features,
Under normel winter conditions, Snow Water Lake is about 7 miles in (

eter, and irregularly trends east-westerly, The highest observed shore- |

s above the lake lie roughly betwsen roughly 120 and 250 f'eet above the |

latively recent high water level, which according to the Halleck tOpograﬁhic H*
P surveyed in 1930-31 was slightly below 5600 feet.

The highest observed ahoreline features of Franklin end Ruby lakes
ilpproximately 6060 feet above sea level. The shoreline features of these ‘
» which at one time coalesced to form one large lake hundreds of square

88 in area, have been described by Sharp (1938b), |
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Columnar section rep{oduced from Sharp (Fig. 3, 1939b)
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*AGE DESIGNATIONS AND LAND GRID LOCATIONS OF PERMIAN FUSULINID

ASSEMBLAGES LISTED ON TABLES 2 AND 3

20 (83 of Nwi, Sect. 17, T. 34 N., R. 60 E.) Uppermost Wolfcampian*
21 (8W} of SW% of NWi, Sec. 21, T. 34 N., R. 60 E.) Leonardian?*

| 25 (8% of NE} of Swi, Sec, 32, T. 35 N., R. 60 E,) Leonardian*

A 26 (8% of SE% of NWj, Sec. 32, T. 35 N., R. 60 E.) Wolfcempiani®

f7 (SWX of 8Wj of 8SW}, Sec. 20, T. 35 N., R. 60 E.) Leonardian*

132 ( SW: of NWi, Sec. 4, T. 34 N., R. 60 E.) Leonardien (good)*, likely lower,
Leonardian**

@ 33 (just northeest of G 32) Wolfcampien (good)*, likely lower Leonardian®*
‘ﬁﬂj (SwW} of 3Wi, Sec. 33, T 35 N., Re 60 E.) Wolfcampian (good)*

K1 (talus in SEI of NEZ, Sec. 19, T. 35 N., R. 60 E.) Upper Wolfcempien
(poor to very poor)*

(telus in 3Wi of Nwi, Sec. 20, T. 35 N., R. 60 E.) Upper Wolfcampian
(poor to very poor)*

K5 (SW} of sWi, Sec. 20, T. 35 N., R, 60 E.) Leonardian (good)*®, likely
middle Wolfcampian**

K 6a (telus in N} of NW% of SEY, Sec. 19, T. 35 N., R, 60 E.) Leonardian
(fair)*, likely middle Wolfeampian**

K27 (N} of NW} of NE}, Seec. 20, T. 35 N., R, 60 E.) Leonardian (good)*

K 29 (NEZ of NE% ofNEi; Sec. 20, T. 35 N., R. 60 E.) Leonardian (fair)*,
€ lower to middle lLeonardien®**

K 45 (SEZ of SE] of SWl, Sec. 32, T. 35 Nuy R. 60 E.) Leonardian (poor)*,
e ~ lower to middle Leonardian**®

>3 (S% of SWL of NWL, Sec. 21, T. 34 N., R. 60 E.) Wolfcampian (fair)#

*5 (NWi of swi, Sec. 21, T. 34 N., R. 60 E.) Leonardien (poor)*, lower
to middle Leonerdien

A 1b (W} of NEX of NEZ, Seec. 30, T. 35 N., R. 60 E.) Upper Wolfcampian (feir)®,
likely middle to upper Wolfcampian*®*

) (NEL of NW}, Sec. 4, T. 33 N., R. 60 E.) Leonardian (poor)*

furnished by Gerald Marrall
* furnished by H. J. Bissell




2 (NW of S 1 in the NEj, Sec. 4, T. 33 N., R, 60 E.) Leonardian (good)*,
middle to upper Leonardian*#*

§ 76 (N3 of NWj, Sec. 33, T. 34 N., R. 60 E.) Leonardian (good)*

3 8 (8W% of NWi, Sec. 33, T. 34 N., R. 60 E.) Leonerdian (poor)*, middle to
upper Leonardian**

11a(8W} of NWj of NWj, Sec. 33, T. 34 N., R. 60 E.) Upper Wolfcampian
(feir)*, suggest middle Wolfcempien®*

3 11b(geographically very near S lla, but stratigraphic and structural rele-
: tionship with S lla is unknown) Leonardian (fair)#*

§ 12 (W3 of SW} of NWi of NWZ, Sec. 33, T. 34 N., R. 60 E.) Leonardian (fair
: to good)*®, suggest middle Wolfcempian**

8 13 (SW: of NE of NW%, Sec. 33, T. 34 N,, R. 60 E.) Leonardien (good)*, mid-
dle to upper Leonardian®**

8 14 (8% of NW} of NW; of NW, Sec. 33, T. 34 N., R, 60 E) Upper Wolfeampien
or lower Leonardian*

8 15 (NE of NW} of NWi of NW}, Sec. 33, T. 34 N., R. 60 E.) Leonardian (good)*,
middle to upper Leonardian**

8 22 (E} of SW} of SE}, Sec. 20, T. 34 N., R, 60 E.) Leonardian (poor)*, mid-
dle to upper Leonardian®**

Jn - .
8 25 (N§ of NW} of NE% of NEf, Sec. 29, T. 34 N,, R, 60 E.) Leonardian (fair)*

8 24 (3% of SW%, Sec. 21, T. 34 N., R. 60 E.) Leonardien (fair)*, middle to
upper Leonardien**

325 (NEZ of 8w}, Sec. 17, T. 34 N., R. 60 E.) Wolfcampian, probably lower
half (good)*, middle to upper Leonard** ’

8 26 (between NW} and the NEX of SW}, Sec. 17, T. 34 N., R. 0 E.) Upper
‘ Wolfcempian (fair)*

33 (s& of NW} of SW}, Sec. 17, T. 34 N., R. 60 E.) Wolfcampian (good)*
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centrel East Humbolat Renge. The
e unit is exposed at the skyline in the
cen be treced northward for severel

Fig. 11, The esst front of the

dark gneiss member of the Angel Le

central portion of the photograph, and

miles,
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Pig. 14, Looiking westward et the Angel Leke unit here exposed on
of the Boulder lLeke cirque. Rock semples were collected

the southwest veall
and these are described in the text.

at the localities shown,
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Pige T4e Looking northward at lobete-like earl
substege) moraine which extends outwerd onte
fece between Ralph and 8choer creeks,

bers of the Angel Leke unit, Tree-covered "Qlover Hill® lies in the right
aiddleground., '

Yy Wisconsin (Lemoille
Clover Velley pediment sur-
Bedrocks in the upper left are mem~




Pedim

L .1

deposivs and Teadfraces graeavelis YasRausTing Tasiimty

e L are nol YTRewn. Pimisino ahws L L\
e rangs are sive nal shawn.

QUATERLN ARY
\ AL

‘ 11-1-1 WARM SPRIMGS UWAT

WAILLGWw CRILYE Aawsl

CLOVER VALLEY AND STARR VALLEY UNITS
undifferentiated. Inm places covered by
unmopped Quaternary glluvium.

#

MOSTLY PALEOZOIC ROCKS
of Ordovician to Permian ag®- includes Early

Triassic strata In the sopthern East Humbold?
Formations delineated on accompanying

Rang®.
larger scale geologic maps.

SNOW WATER
May include por
in the sovthern
«Clover HIll"

tions of the Angel Lake wnit
Egst Mumboldt Range and of

ANGEL LAKE UNIT

Includes portiont of the Snow Waler unit In
the Secrat Cresk=Dorsey Creek arsa, and on
the west flonk of the northarn Ruby Mountains

and the East Humboldt Range.

CONTACTS
Dashed where approxi
or concealed.

maotely located, inferrad

MESOZOIC THRUST
Dashed where nppru;imulllr located,

or concaaled.

|r|'lrl'ld

PRECAMBRIAN? THRUST

Dashed where gpproximately located,
or concealed; probably essentially esccurate,
Daoshed and 7 where hypaothetical; may be

ingcecvurate,

inferred

HIGH ANGLE FAULT
Dashed where approximately locoted, inferred
or concealed. CQuestlonable faoulls and minor

faults not sthown.

INFERRED LATE PLEISTOCENE TO RECENT

HIGH ANGLE FAULT
Scarplats Indicate relatively minor dlwplace~-
ment. Question marks (7?) indicate scarplets

of posiible fault aerigin,

APPROXIMATE AXIS OF INFERRED LATE

CENOZOIC MAJOR ANTICLINE
Roughly confarms to bedrock structure in the

East Humboldt Range, but not In the northern
Ruby Mountains. Ses cross-sections,

WARM SPRINGS APPROXIMATE AXIS OF INFERRED LATE
CENOZOIC SUBORDINATE FOLDS

RANGH

ATTITUDE OF FOLIATION

MINE

>

Base map below 41° latitude 1s from U.5.G.5,

Hallechk gquadrangle (scale; 17 = 2 miles).
Base map obave 41° latitude 13 from modified

U,5.0. A, Farest Service map (scale: 1% = 4 mi
highly Ineccuraie.
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AREAS WITHIN RECTAMGLES ALSO SHOWN ON
LARGER SCALE MAPS NOS. ' 10 4.




90

HOLE-IN—THE-MOUNTAIN PEAK THRUST
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Pig. 42. Allochthonous mass of hornblende~bearing quartz di-
oritlc biotite gnelss overlying and truncating the light-colored "tran-
sition™ succession of the Angel Lake unit. Note truncation of layers in

both the upper and lower plate rocks. View isa looking east toward Hole-
In-The-Mountain Peak,
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