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divided into a lower, 2 middle, and an upper member.
The Humboldt formation rests unconformabiy on, or-is

in fault contac% with, older,.;re-Tertiéry roc«s.,
Vertebrate and plant remains prove that it is of middle
or upper Miocene age. Climatic conditions were con-
siderably more humid at that time thean at present.
Considering northesstern Nevada as a whole, the Miocene
area ol deposition may have originated by faulting or
'by warping; but within the ares here considered, fault-
ing during the deposition of the Humboldt formaztion has
been established, and the pattern of Fzult blocks and
basins‘yere presumably determined at that time and
perpetuatedq;y later movements.

The mountain block consists of a complex of igneous,
~metamorphic, and sedimentary rocks, containing marble,
diopside granulite, quartz-mica-sc%ist, sillimanite-
garnet ighist, quartzite, biotite gneiss, binary granite,
porphyritic granite, and pegmafite. Pa}t,.and probably
all, of the metamorphic Qnd sedimentary rocks are
Paleozoic, They have been deformed into a series of

folds of diverse trends and character, and have been

intruded by Late Jurassic or early Tert;g#y igneous rocks.

The folding 1s probably Late Jurassic in"age. The

nternal structure is discordant with the trend and shape




of the range, and folds are” truncated obliquely or
longitudinally by‘the faces of the range.

- Geologic and geomorphic criteria of faulting,
developed on the west side of the range in a dissected
basin, have been applied to the east side which is
flanked by a closed, detritus-filled basin. The range
is bounded on both sides by steep, normsl faults which
dip 60 to 70 degrees basinward. Displacement on the
east boundary fault has been at least twice as grezt
(5500 to 6000 feet) 2s on the west‘boundary fault
(20007 feet), and the range has been both uplifted and
tilted westward. It is a tilted norst. No evidence
of Tertiary or Quaternary compression was found in the
range or in the adjoining basins, so that its uplift
must be attributed to vertical movements operating in
a neutral or tensionsl state of the crust.

The scarps bounding the range are cOmposi@e, in
, major part to be attributed directly to faulting and
in mindr part related to erosional removal of soft beds
from the downthrown block. In places, the composite
scarps are rejuvenated by late Pleistocene to Recent
fault movements.

Four and possibly five periods of accelerated fault-

ing have been recognized as follows:- (1) A period of

t,

xvit




questionable faulting of relatively small displace-
ments whereby the Miocene area of depositian
originated, dated as middle or upper Miocene. (2) A
later middle or upper Miocene period during the
deposition of the Humboldt formation, displacements
greater than in the first period. (3) A post-
Humboldt and pre-Pliocene(?) lava period, amount of
displacements unknown. (4) A period younger than
the Plidcene(?) lavas but older than middle or upper
Pleistocene. The last major uplift of the range
occurred in this period, displacements relatively
‘large. (5) A period in the late Pleistocene to
.Recent of smell amount, indicated by piedmont scarps
which cut glacial drift correlated with the Iowan
substage of the Wisconsin on the west side of the

"ENZe .

At least one of the latest displabemehts on the

east boundary fault has been an absolute upward move-
menf of the mountain block of 200 ‘eet.

The glacial features. of the Ruby-East Humboldt
RPange show that it has been glaciated during two sub-
stages of thne Wisconsin glaciation, locally named the

N

Lemoilie and Angel Lake substages. No evidence of an

earlier glaciation was “ound. The Lamoille substage

-




is correlated with the Tahoe stage of the Sierra Nevada

which in turd is correlated with the Iowan substage *
of the Wisconsin. The Angel Lake substage appears

to be the same as the Tioga stage of tne Sierra Nevadz®
and is later Wisconsin.

The glaciers of the Lamoille substage were the more
extensive, and a glacier 12 miles long, the longest in
thie range, occcupied Lamoille Canyon during tnis period.
The ice descended to its lowest altitude, 6100 feet,
at -the mouths of-.Lamoille and Seitz Canyong, and glaciers
emerged from the mountains onto the pledmont slope in
sevégal places on the east and west sides of the range.
The maximum amount of bedrock erosion has been 50 feet
since the Lamoille substage and 5 to 4 feet since the
Angel Lake substage.

The topographic features of the mountains inaicate
an extended perlod of erosion in the Miocene qr Pliocene,
prior to tne last major uplift; ; Remnanfs of an open
valley stage in the mountains indicate a pause in
Pliocene or Pleistocene éﬁ}ing the last uplift of the
range.

On the west flank of the range and in the adjoining
basins are seven surfaces, of which the two nighest are

pediments and the others terraces or partial pediments.

The rangz is flanked on the east by a narrow; alluvium-
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covered pediment which has been exposed by locally

.rejuvenated drainage. . The surfaces on the. west side
have been cut and dissegtéd'under a regime of exterior
drainage, and those on the east side have been formed
under a regime of interior drainage. The origin of
pediments on the east and west sides under different
climatic, drainage, and geologic conditions has been
considered, and the following conclusions on the origin
of.pediﬁents are presented: (1) Pediments are formed

by lateral planation by Streams, weatheripg, rill wash,
and rain wash, The relative efficacy of these various
processes. differs with the geologic and climatic condi-
tions., (2) Lateral planation is most effective in

areas of permanent streams and soft rocks. (3) Weather-
ing, rill wash, and rain wash are most effective in areas
of ephemeral streams and hard rocks. (4) All variestions
from pediments cut entirely by lateraltplanation to those
formed entirely by weathering, rill wésh,.and rain wash
are theoretically possible, Tne surfaces on tne flanks
of the range probably date in the latter half of the

Pleistocene and Recent.




P Ba0, vol.'IT)r . Eing dfvided the bas

the vicinity of Elko and the Ruby-East

into an Eocene and ; Pliocene group.

was correlated with the Green River forme

and, Colorado, and the Pli?ééne deposits we

Humboldt group from their excellent exposu

North Fork of the Humboldt River. Fish and plant
remains were reported from the Eocene deposits, and
a Smail vertebrate fauna, believed to be Pliocene
age, was collected from the Humboldt group at Bone:
Valley on the North Fork of the Humboldt River. Evi-
dence will be presented in this chapter which shows
that both the Eocene and Pliocene deposits described
by King are parts of the same formation, which 1s of
Miocene age.

L95quefeux (82, pp. 314-329) in 1878 listed 14
species of plants from the so—called:Eocede deposits
near Elko. 2

Tx 1914 Merriam (30) described a smell vertebrate

from the McKnight Ranch on ttie North Fork of the
“Humboldt River. He concluded that tne fauna was of

dpper Miocene age. » lam pointed out that the

McKnight loeality is ti Stratigrepnicalliy, if not

* X
Numbers in parenthese: to bibliogrephy at the
end of the chapter. .




geographically, as King's "Bone Valley"™ site. The
"Bone Valley"™ site furnished the fauns upon the basis
of which King assigned a Pliocene age to the Humboldt
grodp.

In 1910 Emmons (13, pp. 21-23) and in 191€ Hill
(16, PPe. 54—63) reported on some mining districts in
eastern Nevada. They both discussed briefly the nature
and distribution of the Humboldt formation. Hill and
Emmons maée no particular study of the basin sediments
and seem to have taken their material largély from
King!'s repoft.

Knowlton (20, p. 796) 1lists 17 species of plants
which have been collected from the basin deposits near
Elko (King's Eocene deposits). He gives. the aée of
these plants sas Mioéene.

Winchester (48, pp. 91-102) gives_a discussion of
oil shales in the Tertiary deposits near.Elko;‘whicn

calls the Green River formations In a footnote,
winchester (48, p. 91) records that J. P. Buwalda hsas

found a middle or upper Miocene vertebrate fsuna 1in

H. L. Mason (27, pp. 154-156) mentions two coni‘ers

from the Tertiery deposits nesr Elko and gives the age of

the deposits as 0ligocene or Miocene (27, p. 140).




Formation Name

Various names have been applied to the Tertiary
basin deposits of tne Elko region. Tnis confusién has
been caused largely by the fect that King described
what he thought were both Pliocene and Eocene deposits
from this region. Pata will be presented in the fol-
lowing pages to show that only one formation is present.
In this paper it is proposed to cell these deposits the
Humboldt formation. The Humboldt fofmation_includes
the Humboldt group as originally defineé by King and

the so-called Eocene deposits, which have been corre-

.

lated with the Green River formation of Utsh and Colorado.

LITHOLOGY OF DEPOSITS

The Humboldt formastion is composed of a series of

continental deposits of fluviatile and lacustrine origin.

Breccia, fanglomerate, conglomerate, sandstone, mud stone,

siltstone, shale, lignite, oil shale, diétomite, 1limy
snale, limestone, rnydlitig tuff, and ash beds make up

the i1ormation, A few thin rhyolite flows zre inter-
bedded in cne sediments on the flanks of the Eest Humboldt'
Mountains. ‘The detrital deposits such as conglomerate,
sandstone, mudstone, siltstone, and shale make up the

greater part of tne formztion.




Breccias

Basal Breccias--Breccias have been noted at the

base of the Humboldt formation at a number of locdli-
ties. ‘These basal breccias are composed of angular
fragments of the immedistely underlying rock, whicn, in
most localities, is Carboniferous limestone. Some of
the breccias have developed almost in situ by the dis-
integration and spalling of bedrock outcrops; others
indicate considerable movement of materisl and resemble
slope-wash breccia and fanglomerate.

Intraformational Breccias--At the north. end of the

Bast Humboldt Mountains on the east flank 8 miles south-
west of Wells are a number of prominent outcrops of a
limestone breccia interbedded in the Humboldt formation.

This breccia ranges from light to dark gray and is com-

posed of extremely angular fragments,. one inch to

feet long, of limestone set in a sparse me trix of

stone fragments. The mass is well cemented by a calcar-
eous cement and is hard and resistant. Worthy of note
is the fect that in any one outcrop the fragments zre
entirely of one type of limestone which may be slightly

dirferent from the limestone composing the fragments of

the same breccia half a mile away.




Two distinct beds of breccilas separated by several

hundred feet of coarse fanglomerate have been observed.

.

The lower breécia bed is the more extensive, as it crops
out more or less continuously for at least two miles
along the strike. The maximum thickness observed is
about 100 feet, though the upper boundafy is difficuls
to determine, for the breccia grades gradually upward
into fgnglomerate. The lower breccia is underlain by
a series of silt, sandstone, and fine conglomerzte heds.
These limestone breccias lie a mife east of the
bold fault-scarp face of the East Humboldt Mountains.
Tﬁey have clearly been derived from an extremelyrsteep
slope, and 1t seems well within reason to assume that

they represent slide masses from a new-born fzault scarp.

The face of the new-born scarp must have been composed

entirely of limestone of the type fouynd in the breccia,

for the same limestone is now found In place at the base

of the starp where it has not vetl been removed by erosion.
The lack of gneiss, cuartzite, and granitic fragments in
the breccia may be accounted for by the fact that erosion
hed not eaten far enough into the fault block to expose
these rock types which underlie the limestone.

The sudden lithologic change from silt, sandstone,

and fine conglomerate to coarse limestone breccisa suggests




a sudden and catastrophic change in deposi;ion which
might easily be caused by fau;ting. .The overlying
fanglomerate also fits well into the picture of‘erosi—
tion along the face of 2 new-born -fault scarp, for the
slidevmasses should be followed by deposits Qf coarse
angrlar fragments swept down the slope as talus, slope-
wash breccia, and fanglomerate. The two separate beds
of breceia might be taken to indicate two Separate
uélifts along the fault, though.tne upper breccia is

of such limited extent that it possibly r;presents
meyely a local slide mass of limestore from the eroded

.

fault scarp.

Longwell (23, pp. 1420-1429; 24, pp. 434-438) has

recently described similar, but morerextensive, slide
breccias from the flanks of the Virgin and Black Moun-
tains in the Boulder f;servoir region,: Arizqna—Nevada,
and from the Triassic deposits of the Connecticut Valley.
The breccias desc;ibed by'Longwell are also associated
with fanglomeraté (or fan breccia) in the ssme manner

as the brecclas described above. He has presented facts
whicn strongly suggest that the breccias and associated
fanglomerates were derived frdz an actively growing fault

scarp.




The breccias and fanglomerates of the Humboldt
formation may have 8 considerable extent along the
strike, parallel to the mountain block, but the exact
extept cannot be détermined, for they are cut off to
the north by a cross fault and pass under younger fan

deposits to the south.

Fanglomerates

The thickest and most exfensive fanglomerate in
the Humboldt formation is exposed at thé north end of
the East Humboldt Mountains in the same place as the
iﬁtrafdrmational brecclas described immediately ;bove.
This fanglomerate is brown,'gray, or nearly black,
depending upon the type of rock compdéing it. Anguler
fragments, a fraction of an inch up to four feet in
leﬁgth, of white, greay, buff, or blaok limestone (some

containing fossils, chiefly brachiopods), quartzite,

end pebble congl&ﬁerate compose the fanglomersate,

Plate 111 - These fragments are imbedded in a sparse

sandy to gravelly netrix. Some red sandy lenses are

interbedded in the mass, . In places the fanglomerate
is composed entirely of cuartzite fragments, in other
places entirely of limestone fragments, and all grada-

tions between 100 percent limestone and 100 percent
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quartzite.seem to exist. The fanglomerate‘is generaily
well cemented and forms bluffs anc prominent outcrops.

This fanglome%ate immediately overlies thgrinpra-
formational breccies described above and gredes downwardA
into those breccisas. The fanglomerate has cleerly been
derived from the same fault scarp as the breccias, but
at a later time when the scarp was being eroded and
dissecteq. The coarse detritus from the scarp was
deposited iIn long sloping fans ciosely resembling those
found at present along steep fault scarps.’

Sim{lar fanglomerztes (or fan brecciss) thought
to héve been derived from an actively growing fault
scarp have been described by Longwell (23, Pp. 1420-1429;
24, pf. 434-438; 25, pp. 63-64) from thévBoulder reservoir
area (Nevada-Arizona) and from the Connecticut Valley
Triaséic deposits. s

On the west side of the Ruby Mountains near the
mouth of Secret Pasf 1s a peg fanglomerate, 200 “eet

thick, which nas been trzced for a mile zlong

g the strike
fub-perallel to the mountain front, Tris fanglowerste
may be releted to the samxe uplift whicn 1is thought to

have glven birth to the brecciss &and fanglomerates

described above. _ s
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Conglomerate

Basal Conglomerate--Basal conglomerztes, 20 to

200 fegk thick, have been mapped in several localities.
They can be seen to rest directly upcn pre-Tertiery
rocks, commonly Carboniferous limestone Or quartzite.
The conglomerate beds contain roundstones® up to 1%
feet in diameter.

Intraformational Conblomerates——lntra orms tional

.~

conglomerate 1s abundant, especially near lendmasses
which were supplying detritus in the Miocene. Along
the west flank of the Ruby-East Humboldt Range, and .
along the east flank of this range where Miocene beds
outcrop, conglomerate, containing roundstones of the
various rock types ekposed In these mounteins is particu-
larly common, indicating that a positive landmass stood
on the yfespnt,site of the Ruby-East Humboldt Range during
Humboldt time. 3

Along Hﬁntingtcn Creek, south of Twin Bridges,
conglomerate {irst becomes abundant at about 1400 feet
above ilhe base of the Humboldt formstion. The lowermost
conglorerate bed. in thls locality 1s composed almost

entirely of limestone roundstones; chert makes up the

remainder, Successive coriglomerate beds higher and

higher in the series contsin more and more crystalline

_hrorn luggested by Fernald (14) for pebbles, cobbles, |
"lnd bouidors, etc. in a conglomerate. o

e
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material such as quartzite, gneiss, and éranitic
1gneous rocks and less and less limestone. At 2000
feet above the base, a conglémerate bed contains 50
percent limestone and 50 percent crystalline round-
Stones. At 2300 feet above the base, a conglomerate
contains 75 percent crystalline materisl, at £800 Teet
90 percent crystalline material and 10 percent lime-
Stone, at 2300 feet approximetely 100 percent crystal-
line material These relations indicate s gfadual
uncovering of the crystalline material which underlies
the limestone in the source blocks. :
" The conglomerate in the upper part of the Humbold t
formation is composed of small, one inch in dizmeter,
'well-fdunded pebbles, largely of crystaliine rocks.
All the conglomerate 1in the Eumboldt forrction

is clearly stream-1lsid. Some of the conglomercte on
the bouth Fork of the Humboldt River and-on Huntington
Creek contains well- -founded cobbles up to six inches 1n
diameter, These cobbles are at least 8 to 10 miles
from a possible source block, as far as known, and indi-

cate transportsztion and deposition by a fairly large

and powerful stream.
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L *
Sandstone, Mudstone, Siltstgne. and Shzle

Sandstone, mudstone, siltstone, and shale with
considerable intermixed ash grade one into thé other
and grouped together make up the larger part of the

Humboldt formation. These beds are white, brown, ten,

eand light green. ‘They are composed of mineral frag- Lk

| : S : : . ¢
ments which seem to have had the same source &s the A
pebbles, cobbles, and boulders in the conglomerste. P

In .some cases large amounts of volcanic ash are inter-

mixed with the detrital mineral fregments. £

The o1l shale of the Humboldt formstion is a' T ;

f (inely bedded, dark-colored, petroliferous sheale i
: exposed near the base of the formation 4n the Elko g
Range south of Elko. This shale contains consider- i

£

4

able carbonaceous material and small fresh-water shells,
i Wincrhester (48, pp. 98-100) reports six'separéte‘groups
of oil shale beds in the vicinity of Elké; any one
group of beds 1s seldom over z few feet thlci. Dark
brown beds of lignite, & few inches thick, are inter- '

bedded with the o0il shale beds,

fresh-Water Limestone
Fresh-water limestone crops out near the base of .

the Humboldt formation at a number o?‘localities. The

?Theqe terms are used in thne sepse defined by the Com-
ttee on Sedimentation (45, ,p. 27-98).
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»

1imestone is white to light brown, chelky to gense

and finely crystalline, &nd ranges from thin beds a
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spaction of an inch thick to rather messi
feet thick. The limestone at all locelities ob-
served contains numerous shells of fresh-water inverte-
brates, chieflly gastropods and pelecypods. Along
Huntington Creek near Twin Bridges the limestone con-

tains or
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white nodules of chert ranging from an inch to a foot
in diameter.
Where exposures are good the limestone is - seen

.+ to rest directly on a basal conglomerate or «oreccia and

to pass upward into limy shale, silt, sandstone, and
ash. The oil shale beds at leo-overlie the limestone.

b thickness of 870 feet of 1imestone has been measured

or. Huntington Creek; this is the greatest thickness

exposed.

e e SR SO S afi

Diatomite
. 3 Two groups of diatomite beds, each 7 to. 10 Teex

tnick, crop out near Cerlin, o5 miles west of Elko,

Figure & The diatormite 1s pure white, loose and
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Ash end Tuff

Ash and tuff beds are particularly sbundant about -
1000 feet above the base of the Humboldt formestion,
and pyroclastic maferial is & common constituent of the
detrital deposits throughout the whole formztion. Many
of the tuff beds are massive ana give no evidence of
being water-laid. Tney are couposeéd of fragments and
‘crystals of auértz, feldsper, biotite, glass, and
angular fragments of rhyolite, and in places ere better
classed as lapilli tuff (47, p. 47). Most of the ash
beds are water-laid and rather thin beddeq. The greater
number of ash beds are composed of fregments of volcanic
Aglass and very minQr amounts of mineral fragments,

chiefly quartz and feldsper. %

Relative Percentages of Lithologic Types

An sttempt has been made to estimaﬁe thé reietive
percentages, by volume, of the various sedimentary
types in the Humboldt formation. At the best, this
{s only & very crude estimate and may be considerably

in error.

: Fine sediments ,
Conglom- (ss., sh., mudstone, Ash and Fanglomerate

Limestone erate siltstone, etc.) Tuff and Breccia .

5-10% 10-15% 80-75% ' 5-10% 2-2%

I B



QPRLITTY o3 T Q
Oidlal AINAT ML AL PSS RFE LT | Barwil

O
0m
(0]
1V
n
(4]
o
wn

The Humboldt formation in the area studied p ;
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The middle member has & meximum measurei thickness of

1300 feet.

The upaer member contains & series

erate, sandsto

top of the mem
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Miocene and older roc<s have 21350 been noted near Twin
Bridges, near Thorpe Creek on

Ruby Mountains, on Shesp Creek a bit Zar

at the gorce of the Humboldt River =U mlies West O2 BLKO.
~
s Qveriap
In Ssome: localities, -‘over. of “beds -higher in the e

section bring: beds of thne middle meiber cond €ven Ol LAS
. .
upper member to rest airectiy upon pre-Tertlary rucxs,
An excellent example of sucn an overizp is &t th2 mouln
"
of Thorpe Creeck wnsre a coarse conglounerate rests directly
on Carboniferous limestone. The conglomgrats contalns
42 number of roundstones of gneiss, guartzite, cnd 1gneous
rocxs in addition to limestone. In the Humbcldt forma-
£
tion along Huntington Creex roundstones of gneiss, quartz- -
ite, and igneous rock do not appesr lover thon tne lower
k
part.of the middle nember. Thareforec, the base 0l the
Humboldt formztion at the moutl of Thorpe Creek is probably
W some: place within the middle member snd considerabie Over-
tapdis dIndicated,
F04Aas
' Yy + B 5 ~ " 4 - -
tEthin. the ‘basinsg especially nesr LRS celiler, the
ructur=i-tends to be ralatively simple. The b hav
gentle d4ips sel ovexr lo: degress. NE t of
+ha W 1ra- +% e T ~ -~ ~ ™4
€ 1.1l vil vl TR C ol (S -5 GR I Y Uy .




'to 50 degrees are not uncommon, and higher

‘;&easured. No systematic arrangenent
worked out in the bads
§ N
sedimenbs seem to
diverse dips. on Huntington
a broad, open anticline
trends roughly northuwes
from 20 to =8 degrees.,

folds in the Humboldt formztion in tne

-
.

Fault Contzcts with Older

Wy 7 Th-mh 5 £~ .
the Humbolat 1forua

In a number of places the veds of -
tion are in fault contact with the H:e:?erti;r;
Many of the mountain ranges separatin
jeposits are known to be fault-block mountains, bounded
on one or both sides by faults which separat
v rocks of the mountain block from

D&S 1nsS,

tALfi
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Vertebrate fragments have been collected or reperted
from five localities™,

(1) On the South Fork 5f the Humboldt River, in
several places along the cuesta on the north side of trne

road to Lee,

(2) On the North Fork of the Humboldt River near

the McKnight Ranch, Merriam's (30, pp. <76-£77), MeKnight

locality, or King's (17, p. 459) "Bone Valley" sit
(3) Near the Triolite plant mine 2 miles northeast
of the town of Carlin, which is 25 miles west ,of Elko on

U. S. highway number 40, The locality where fragments

are most abundant is the southeadt corner of section 7,
T. k—o N.’ R. 53 Eo

(4) - In Lamoille Valley along Rabbit Creek about

~

© miles northwest of the Rossi Ranch, in ths northwest

Q1

quarter af section 11, T, 34 Ny Be BY

e

(5) On Camp Creéu, cne-fourth to one-haLf.miLe
«bove the junction with Sussie'Creex. This junction
is 21 miles by road up Sussie Cresk from U. S. highway
number 40, The Sussie Creek road turns off o miies
east of Carlin. Tne locality is in the southwest

P

quarter of section 36, T. 36 N.; - H.

* % " : :
Names of local residents #wlo can be of assistance in
locating fossil localities: Mr. R. A. Kinne, Municipal

Water Department, BElko, Nevada; and Mr. Gerald Trescarte,
Laloille,_Nevad&.




The vertebrate fragments collected on the South

Fork of the Humboldt River,come.chiefly from sandy

~

mudstone beds near the base of the middle member. The

exact stratigraphic relations of King's "Bone Valley"
site are not known, but the general relations strongly

suggest that it is well up in the upper member of the

Humboldt formation. The bonzs at the Triolite mine

neer Carlin are in a sandy mudstone 10 feet above the
diatomite bed' worked at the mine, The fossiliferous
bed has been traced along the strike for about three-
quarters of a mile, and vertebrate fraguents have been
found throughout that distance.l4'This fossiliferous

bed is only several hundred feet above the base of the

formation here, but there is good evidence of consider-

able overlap; and the fossil bed is probably in the

middle member of the formation. The fossils on Rabbit
Creek in Lamoille Valley are in sandstone and mudstone

beds in the upper member,. The Camp Creek locality is

in sandy mudstone beds interbedded with ash. The
exact stratigraphic relations of these beds are not

sKnown, btut their lithology suggests that they belong to

the midile member of the Humboldt formation. By far
the best locality seen, and the one most ¥orthy of con-
sideration as a Possible colliecting site is thne Camp

Creek locality, Here whole bones are imbedcded in the

39
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BOUNDARY STRUCTURE OF THE RUBY-EAST HUMBOLDT ;

5 RANGE

ct

Twenty to thirty years ago considerable argumen

raged as to whether the Basin Ranges were erosional
features, or features directly cuused by

-

movement, more specifically fsulting. Work by

Gilbert (31, 32, 83), Davis (16, 17, 19, 20), Louderback

> A

62, 63, 64, 65), Reid (73), I. C. Russell (74, 75, 76),
R. J. Russell (78), Gilluly (34, B85), Bryan (10, 11},
Fuller and Waters (28), and others too numerous to
mention, has shown that the Basin Ranges are bounded
by faults end owe their topographic expression in large
part directly to movements on those faults.

Many of the ranges of the Great Basin are bounded
on both sides by closed, detrital basins. The detri-

tal filling of the basins has, 1n most places, lapped

over onto the mountain block and makes study of the
eatures of the boundary structure of the mountain block
iifficult, 1f - not 1mpossible. Physiograpnic studies
v oved a nelpful tool i uch. cases. The Ruby-
East Humboldt Range 1= one of the rare examples of s

Al .

-

o S T
el IR o

e

Lo



through-flowing streems, so as to expose the boundary
,d@ructure of the mountain block. The range offers
the further advanfage of being bounded on one si
west, by a dissected basiﬁ with through-{lowing drainag
and on thé other side, the east, by 2 closed basin
filled with undissected detritus. Tnis offers oppor-
tunity to apply geologic and geomorphic criteria of
faulting, as developed in a cissected basin where tne
struotural evidence of faulting cenrbr ilrectly observed
to a closed and filled basin where the boandé}y struc-
ture itself cannot be c¢irectly observed.

Before any discussion of the bouncdary structure
is given, the various criteria for faulting, which were
of use in this study, will be given and discussed

briefly. Thiese criteria are divided into two groups:

(1) Geologic and (2) Geomorphic.

Geologic Criteria of Faulting

(1) Actual exposures of thne plane itself--

few actuel .exposures of the fa plane or




have been observed in the vicinity of Willow Creek zlong
Hihe east base of the East Humboldt Mountains and 1in
Secret Valley. Subsidiary faults in the basin sedi-
ments have beén observed in Secret Pass on the west

side of the.range and along Willow and Clover Creeks on
the east side of the range. Wherever observed, the
faults were normal and dipped basinward 60 tc 70 degrees.

o

(2) Drag, brecciation, and minor faults--These ar

all well-known features of faulting and will not be dis-
cussed particularly. Beds of the Miocene Huimboldt
formation are strongly dragged up into dips of 50 to

60 degreés along the east front of the range soutawest

Sy sa e,

of Wells. Minor faults in the basin sediments in front

of the mountains have been observed in a number of

-t.
i
i
A

<

places. These were all normal faults dipping steeply

S Sroarh S

basinward.

(3) Juxtapositjon of different formafions-where

relations cannot be explained by folding or deposition--

has been one of the most useful of all criteria,
1ly on the west side of the range. : great
places on the west side, north of
the Miocene Humboldt formation dip towa

mountains and can be traced to within z few hundred feet,

or less, of the pre-Tertiary rocks of the mountain block.




Section CC' of figure 8 illustrates tnié relation. In
meny cases, these beds are much too fine grainged to
have been deposited in such close relations to the
steep face of pre-Tertiary rocks, which at the present
time is’ shedding coarse detritﬁs to the basin. Further-
more, the dip of the beds toward the pre-Tertiary rocks
shows tha* the relations cannot be explained by folding
‘The reasqnable conclusion is that the rocks have been
erught into their present relations by faulting.

(4) Truncation of beds or structures-«The trunca-

tion of the internal structures of the range has already
been described and discussed in the section of the paper
dealing with internal structure. In a2 few cases, it
has Been possible to prove that beds within the basin
sediments are also truncated by the boundary fault of

the mountain block.

(5) Coarse detrital deposits such as slide breccias

and fanglomerates derived from a growing fault scarp--

Longwell (59, 60, 61) hss recently emphasized the sig-

o

cance of deposits of this nature as relzted to an

" e4
' WO GO S
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actively growing fault scarp. Fanglomerstes end slide

breccias interbedded in the Miocene sediments ave been

described in detail in Chapter II. They indicste an

actively growing fault scarp on the east side of the

Ruby-East Humboldt Range in Miocene time.
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(8) Springs--Springs, both hot and cold,

ulting. Hot

Ab]

been recognized as features relzted to ©
springs are found on both sides of the Ruby-East
Humboldt Range, for example nezr Lutts Creek and the
Warm Springs Rench on the east side and along Warm
Creek on the west side. In addition, chc‘s;rings
along the base of the mountains are extremely common.
The conception generally held 1s thzt the spring water

»

finds it way to the surface through the broken and
fractured zone of the boundary fault. ,An impenetrable
layer of gouge serves to keep the water from dispersing

into the relatively permeable basin deposits on the

basin side of the fault.

Geomorphic Criteria of Faulting

Many of the geomorphic criteria of faulting are

of vzlue only as they are supported .by geologic criteria

nd in themselves are not 1ipso facto evidence for fault-
ing. If geomorphic criteria can be established in
gareas where faultineg can be proved on geologic grounds,

tiey may be of use in an arez where direct geologic

aulting cannot be obtszined.

) 4 ~ X7 S R S e e . A .
sulting have been mede famous by .

Davis (18, 17) and.-no discussion of them will be made




here, other than to mentlon fthat exce.lent examp.es
of triangular facets have bekn obtservec on the west

side of the renge in the vicinity of Murphy &nd Ross

Creeks, "
(2) Piedmont Scarps--Pledmont scarps (&%, p. Z4)

v

came into prominence as evidence for bouncesry faults

through the early studies of Giltert (32, 7Z) end

s

[
N
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I. C. Russell (74, 75, 76, 77) and have been emphasi

~

e
|

by numerous later workers. Excellent examples o
m;nt scarps exist along the west side of the Ruby-
Fast Humboldt Range. These scarps are clearly not
lake shore features, for the basin west of the mountains
did not contain a lake in Quasternary time. Furthermore,
fL“.SC&rpS do not follow & contour line'but cut straight
across alluvial feans,. It is possible that a stream
which is dissecting its fan can, upon emerging from the
mountain block, swing almost or entirély gat. right engles
to its former course and cut : bank which will roughly
allel the mcuntain front across one side of the fan.
Tr.at this same stresm will, at a later date, change 1ts
course by 180 cegrees-end cut & correspondling bank down
tlie other side of the fan seems unlikely, if not impos-

sible. Furthermore, when tlie same scerp continues for

~

& distance of & numbter of miles more or less continuously,




erosional scarp, other than one controlled by structure,

(9%

is almost certein to have & sinuous tren
spurs.

Other geomorphic criteris have been developed end
used by other workers in other aresas. Among these

criteria are: steeper stream profiles toward the fron

of the range, oversteepened scarps, remnants of a fault
erosion surface, narrow gorges along the streams at the
mountzin front, and truncated canyons. These criteris,

too, are dependent upon direct geologic evidence of

faulting for support.

Description of the Boundary Faults

By use of the various geologic and geomorphic cri-
teria listed above, the Ruby-East Humboldt Range can be
shown to be bounded on both sides by faults. The rzange
s a:tilted horst. The purpose of this section of the
chapter is to describe briefly these boundary faults,

o

starting first with the faults on the east side of the
range, .from north to south, and finishing with the
faults on the west side, from north to south.

Feults on the east side of the renge--The fzults

counding the east base of the renge are covered by

Tuaternary basin fi1l1l1 in most places, so except for the

-
|

northern end of the East Humbolédt Mountain little direct
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geologic evidence offaulting is availabie. .The east

frong of the East Humboldt Range 1s & remarkably straight,

(49)

steep scarp rising abruptly 4000 to 5000 feetlabove th
floor of Clover Valley. This scarp is one of the flnest
.in the Great Basin and rivals the east face of the

Sierra Nevada in ruggedness and beauty, tnough it 1s not
as high, Plate IX .

At the north end of the East Humboldt Mountzins a
subsidiary,-wesiward—tilted fault block, bounded by &
fault on the east side, lies east of the main scarp O
the range, figure 14. Between the main scurp of th

range and the crest of the forelying block, beds of the

Miocene Humboldt formation are exposed. These beds

neve been folded into an open syncline by squeezing
hetween the westward tilted forelying block and the

main mountain block. They have also been strongly

ragged up along the fault which forms the main scarp

the range. In this area, direct 5eologig evidence
*or faulting, such as dreg, minor faults, truncation

ructure, anc¢ coarse detritzl deposits in the Miocene

peds supplement geomorphic evidence. The fault itself

nas been observed on the north well of Willow Creek,

NW,. 1/4 section 2, T. 36 N., R. 61:E. The dip of the
A - A . X 5% aa
fault here is 72 degrees esstward or basinwerd. The

-<f,au;tﬂw,i.s _eas ilv trac ed 4 mi les narthn_narnth x;.asltmc_,r!‘?- Pram g




Willow Creek to the end of the renge. Throughout thi

/
istance Miocene basin sediments are exposecd- on the east

side of the fault and pre-Tertiary rocks, largely the
Upper limestone and Middle limestone are exposecd on the
west side. The Miocene sediments sre strongly dragged

up along the fault and In places dip as much as S50 aegre

D

0

Pl
a

tward. They are also broken by a numbter of minor,

basinward-dipping faults which roughly perallel the main

boundary fault. Coarse slide breccias and fanglomerstes

.

interbedded in the Humbolct formation are taken s&s
evidence of movement on the boundary fault in Miocene
time (Chapter II). The internal structure of tne range

in this area is truncated at a low angle by the range

front. The structural relations are shown in section AA!

of figure 8,

The direction of drag and the fact that the younger

peds are on the east side of the fault show that the

iownthrown side 1s to the east. The fault cdips eastward;

ence it is a normal fault. Emphesis should be placed

on tl fact that this 1s the main boundery fault and not
ruk-ifilfy fault.

morasines of the Lamoille substsge gnd the Angel Leke
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Displacements on the boundary faults will be
discussed at greater length in & succeeding section
of this chapter. A minimum figure for the vertical

component of the dip slip on the principal boundery

w

fault in this area is about 4500 feet. The d1
placement decreases as the north end of ‘he range
is approached.

Evidence that the forelying block zt the north

»

the Ezst Humboldt Mountains is faulted on the

4y

end o
eaét side is largely geomorphic, though a small patch
of rhyolite, of the type interbedded in the Miocene
deposits, lies immediately east of the block zncd in
itself suggests faulting. - This subsidiary fault,
lying 4 miles to the east of the main boundary fault,
iies out southward toward Clover Valley within &
distance of 9 to 10 miles from its northern end.

The main fault at the foot of the érincipal scarp
continues ne:rly due south along the base of the range
for £5 miles. South of Angel Creck it is buried by.»

o
&

uc ternary deposits,and the only geologic evidence o

faulting 1is the relztion of the internal structure and
the renge front, The internsl structure of the East

B
@
m
3
—

Humboldt Mountains i1s a broad anticline trending nesz

north-south, the nose of which can be seen at the north

85
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up and down over fans, roughly perallel to the mountein

1 <
ure od

®
m
ct

4 : P
/Tront, it seems certain that the scarp 1s =2

m

-

Lo

aulting and cen in no way be & ieature ol strezm ¢

&
(8) Dissected Pediments on Mountein Block--

Dissected pediments cut on the pre-Tertisry rocks of

the mountain block are useful as a criterion of faulting
only on the east side of the range where there 1s a
closed basin. The west side of the range has az number

of examples of dissected pediments, cut both on thue
Miocéne basin deposits and on the pre-Tertiary rocks of
the mountains, but the dissection of these pediments 1is
relzted to rejuvenation of the Humboldt River drainzage

~

czused by & change of base level outslde of the area

here considered. On the east side of the range, pedi-
ments cut on the pre-Tertiary rocks of the mountzin block
near Lutts, Thompson, Moore, Moose, Wines, Overland, and
PCawley Creeks indicate relative uplift og the mountain
block. No other mechanism would seem to account for

the dissection (150 feet) of these surfaces, for Ruby
Velley gives all appearznces of havilng been a closed basin
Tor some time.

(4) Linear Range Front without Projecting Spurs--

Inis criterion is of value only in so far as the range

g e
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this fold is missing south of Angel Creek. The beds

at the crest of the East Humboldt Mountains west of
Clover Valley are horizontal or have only low dips.
The fold is bisected by the range front, and the
eastern pért has been dropped from view. To the
north and south of Clover Valley, the fold axils &nd
the range front diverge so that a larger part of the
east 1imb of the fold 1s preserved. The linear trend
of the' scarp, the lack of projecting spurs, and its
‘abruptness all strongly suggest faulting s a mode of
origin. The vertical component of the dip-siip ais-
placement on the boundasry fault 1n Clover Valley 1s
4500 to 5800 feet at minimum. Southward the height
of the East Humboldt Mountains decreases and the
boundary fault appears to be dying out. At the
Polar Star mine the displacement on the fault is
<000 to 2500 feet.

Eleven miles south of the Polar.Star mine is a
fault which bounds the Valley Mountains on the east
side and elong which freshwater limestone and ash beds
07 the Humboldt formation have been dropped into contzact
with the Carboniferous limestone of the Valley Mountains.
This fauit may be & southward continuation of the fault

-
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t Humboldt Mountsins, or it may be

&n entirely different fault, A strong argument esgainst



the two faults being one and the same is the fact that

Pliocene(?) laves between the south tip of tne East
Humboldt Mountains and the north end of the Valley
Mountains are not displaced by the faulting. That
the last movement on the faults 1is as old as pre-
Pliocene or early Pliocene is not consistent with
other features in the region.

The southern end of the East Humboldt Mountains
extends as a southerly projecting ridge eest of the
principal fsce of the Ruby Mountains. The north end.
of Ruby Valley forms a refntrant between tﬁe southern
end of the East Humboldt Mountains and thne ezstern fzce
of the Ruby Mountains. Thus, the first 7 or 8 miles
of the east face of the Ruby Mountains faces the back
slope of the Eest Humboldt block. Farther south, the

eastern face of the Ruby Mountains is more clearly

exposed to view and 1s a magnificent scarp fully equal

%

o

» that of the East Humboldt Mountains near Clover
Valley, though it is no higher.
The evidence that the east face of the Ruby Moun-

tains is bordered by a fault i1s both geomorphic snd

genlogic, The internal structure of the Ruby Mountains
1S discordant ' with the east face oI the range. From

Battle Creek southward the axiel trend of the folds in

SR



the pre-Tertlary rocks of the mountain block 1s sharply
oblique to the east faece of the range, in places zat
large angles. North of Battle Creek the axial trend

of the folds is more nearly parallel to the trend of

the range, but the limbs of these folds are cut off
cleanly by the ract of the range, section DD!', figure 8.

Iwo small outcrops of Tertiary beds at the north
end of Ruby Valley suggest that all of Ruby Valley may
be underlain by Tertiary beds whicn hzve been down-
faulted into éontact with the pre-Tertiary rocks of the
mountain block.

From Smithers Creek south to Battle Creek, a dis-
tance of 10% miles, is a piedmont scarp 50 to 200 feet
high. Between this scarp and the bsse of the range
1/4 to 1 mile to the west is a broad, dissected pediment
cut.on the pre-Tertiary rocks of the mountain block.
This scarp will be discussed in greater detail in the
section of this chapter dealing with piedmont scarps.
Imzediately north of Dawley Creek is a shorter but some-
what similar piedmont scearp. Hemnants of pediments cut
on tne pre-Tertiary rocks ol the mountain block nave been
fioted near Overland Creek and other creeks to the south.
The fact ihai these pediments are dissected by streams

draining into a closed basin suggests tnet they hszsve

been differentially uplifted by faulting.
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The features mentioned above, plus the linezr trend
,// of the east face of the Ruby Mountains and its abrupt-
ness show that it is a scarp due to faulting.

The east boundary fault of the Ruby Mountzins

extends from the northern end of Ruby Valley in a direc-
tion S. 25° W. for 35 miles to Harrison Pass and beyond.
The fault hes not been studied south of Harrison Pass,
but evidence indicates tnat it extends south for another
20 miles a't leeast.

" A minimum figure for the vertical component of the
greatest dip-slip displacement on the east boundary
fault of the Ruby Mountéins is between 4500 and 5000 feet.
The fault appears to maintain about this displacement
from a. point 6 or 7 miles south of its northern end for
35 miles south before the displacement begins to decrease. ‘

The relations between the faults which boupd the

Ruby Mountains and the East HumbohitMouniains'on;the east
sides are of interest. A glance at the.map, figure 14, 1

will show that the fault at the east base of the Ruby

m

sountains has to do one of three things. The fault may ‘
o

4 iile out by reason of decreasing displecement, it may
SS Into the main mass of the southern pert of the ‘

East Humboldt Mountains, or, it m2y be terminated by a

cross. fault., Detailed studies have been mede at the




north end of Ruby Valley by pace and compass mgpping.

/ The results have not been entirely satisfastory, but

en interpretation of the structural relations is

w

Tleld facts.

offered which seems reasonable znd

]

The displacement on the fault at the east base o

the Ruby Mountains decreases progressively northward

) R
-~

miles south of Secret Pass.

+~ 417 ~
evH I se0
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from a point
field studies failed to show that this fault passes into
the main mass of the East Humboldt Mo’ntains. Further-
rlore, no evidence of a terminating cross feault was found.,
The fault at the east base of the Ruby Mountains seems

to cdie out within a short Aistance a2t the north end of
Ruby Valley. The displacement on the fault at the

east base of the East Humboldt Mountains, 8 miles to

the east, increases northward. The complementary
displacements on thése two faults, accompanied by west-
vard tilting of the mountsin blocks, ‘seem to explain

the relations.

A rough diagram, figure 9, represents the interpre-

1

tatlon offered. In the

D
|
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gram the pre=faulting

0]
wu .
(]

surface 1s assumed to be e ntially flat, and erosion
during or after uplift is not considered. Both assump-
tions are ineorrect, but thelr incorrectness does not

invalidate the Interpretation. The matter of faulting

SRR
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on the west side of the Ruby Mountains will be con-

sidered later, as it adds conly a minor complicztion to

the picture here presented. The fault

fece at the

east side of the block is that of the East Humboldt

Mountains dying out southward. Tne otner

fzult face,

to the left orwest, is that of the Ruby Mountains. The

refntrant between the two tilted fault

blocks

8 “the

north end of Ruby Valley. The gradually decreasing.

displacement on the fault at the base

Mountains is offset by the gradually increasing d

placement on the fault at the base of

Mountains.

the East Humboldt

The west slope of the southern part of the East

Humboldt Mountains which faces the east scarp of the

Ruby Mountains across the north end of Ruby Valley,

here some & to 6 miles wide, is relatively steep. At

first, the steepness of this slqpe was taken as an

objection to the picture presented above. However, the

westward tilted fault block which

o the EBEast Humboladt

answer to this problem.

% .+

oL

o

thie main

south of Wells gave

from the

£ast Humboldt Mountains emerge from the mountsain front,

ross the intervening

1oTth or south along

the

o

iocene deposits a2nd swing

forelying .
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block until they find a way through the block to the

- basin beyond. These streams hsve undercut the west

side of the block, driven the west slope eastward,

and considerably steepened the slope. The same

B
m

of Ruby

Q.

procesées must have worked at the nort n
Valley. The streams from the east face oI the Ruby
Mountains undercut the west slope of the East Humboldt
Mountains, drove the slope eastward ancd steepened it
considerably. The fact that the streams from the east
slope of the Ruby Mountains at the presen£ time are not
doing the same thing may be explzined by two facts.
First, the west slope of the East Humboldt Mountains

has been driven so far east that the streams have lost
their power to undercut it, and, second, the west slope
of the East Humboldts has become so steep that the grezt
amount of detritus which it sheds has driven the streams
back toward the middle of Ruby Valley;'where they unite
to form the southward¥flowing Franklin River.

Secret Valley, & small intermontane bzsin just

3
FO)

northwest of the north end o

Fa

Ruby Valley is & minor

-

tural feature typicasl of Besin Range structure.

1#7]
t
g |
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“
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Secret Valley is small, relatively downdropped aree
of Miocene beds, faulted on two sides and resting with

depositional contacts on the older rocks in other places.



Faults on the west s;ge'of the range--The west

base of the Ruby-East Humboldt Range 16 more irregular,
and the slope is less abrupt than the eastern” face.
In nearly all parts of the range, the crest line is
much'nearer the eastern than the western base of the
range.

The fault bounding the mountains on the west trends,
in general, N. 20° E. to N, 40° E. Loczl deviztions

-~

o as much as 50 degrees from this have been mapped.

m
e

e west face of the mountains is essen%ially linear

in broad view, despite local projections and reBntrants,
igure 14. Geologic and geomorphic evidence for a
fault at the west base of the range is good.

Starting just south of the north end of the range,
remnants of a pledmont scarp at the base of the moun-
tains can be traced 3 miles south to- just beyond Greys
Creek. Inhis . .scarp, a8 far as can Eé seen, is entirely
in. fan deposits, though the base of the scarp may reélly

bedrock mantled by slumped gravels. The average-
the scarp is about 20 feet, anc 1t is highest,
'S feet, at the mouth of Greys Creek. Farther south,
tetween Ackler Creek and Secret Creek, well-exposed

Sections of Miocene basin deposits give ample geologic

- P iy = S T L o . e
prooi of faulting. In & number Ol piacCesS. fineeorainsa



basin sediments can be seen dipping directly toward the

pre-Tertiary rocks of the mountain block. Thet such
fine-grained sediments could be deposited in sucﬁ close
relations to a steep scarp does not seem possible, and
the attitude of the basin deposits shows that the rela-
tions are not those of folding. Sections AA' and BB!
of figure 8 1llustrete the relations &s interpreted on
a basis of faulting.

In Secret Pass a broad breccizted zone is exposed
between the pre-Tertiary rocks of the mountain block and
the basin sediments. A subsidiary fault in the basin
sediments along the south bank of Secret Creek % mile
west of the boundary fault strikes N, 35° W. and dips
50° W. This fault is at the eastern edge of section 2,
T« 84 Ny R, 58 E,

South of Secret Pass, remnants of & piedmont scarp
fxtenﬁ along the base of the mountains for 2? miles to
the mouth of Ross Creek. This scarp averages 30 to 40
feet high and is particularly clean cut at the mouth of
Ross Creek. As far as can be told, it is composed
entirely of fam deposits, Remnants of a piedmont scarp

appear immediately south of Talbot Creek znd extend more

m

or less continuously for 9 miles south. This scarp
cuts glacial drift, correlated with tne Iowan substage

of the Wisconsin glaciation at tne mouths of Lamoille



and Seitz Canyons. The scarp has an everage height
of about 40 to 50 feet.

Isolated outcrops of Miocene basin deposits aibng
the mountain front south of Secret Pzss, end some
excellent triangular facets, B¥mtE——, st the mouths
of Ross and ﬁurphy Creeks furﬁher substantizte the
presence of a fault at the west base of the Ruby Moun-
tains in this section.

Eviéence for faulting along:the west front is
péorer in the region of the South Fork of ,the Humboldt
River and southward. Isolated outcrops of Miocene
basin deposits, and the truncation of the internal
structure of the range indicate that a fesult still
exists between the Miocene basin deposits and the pre-
Tertlary rocks of the range. However, the displacement
on tne fault seems to be decreasing, and south of
Harrison Pass the range looks very muéﬁ as ‘though it
might simply be a tilted block, faulted only on the

east side, though nc

47}

tudy of the range has been made

e west boundsry fault of the renge bifrucates
&l two places, =t the mouth of Cold Creek and between

Heenan and Welch Creeks, figure 14. At these locali-

tles, the main boundery fsult swings snarply to the




east and trends southeastward for & few miles before
resuming its general south-southwest trend. * A minor
fault splits off from the main fault where 1t first
swings eastward and continues for a short distance
along a line which is a continuation of the trend of
the principal fault before bifurcation.

The evidence that the faulf really bifurcates
is strongest at the locality between Heenan and Welch
Creeks. Here the subsidiary fault which lies eaét
of the main boundary fault is marked by a pledmont
scarp. The presence of the main boundary fault is
shown by the Jjuxtaposition of tne Upper limestone and
the Quartzite formation. The base of the Miocene
deposits is exposed a short distance west of the main
boundary fault and trends in such a direction that
farther south Miocene deposits are brought into contact
with the Quartzite formation. The eviéence'fof bifur-
catlon of the boundary fault at the mouth of Cold Creek
ls not so strong, but even here the subsidiary fault
west of the main boundary fault is indiczted by a small
tlock of pre-Tertiary limestone faulted up at the mouth
ol Thorpe Creek, figure 14. Eacﬁ of tmesc‘bifurcations

accompanies a notable offset in the west flank of the

-

range, These offsets will be considered in & succeed ing
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Throughout its entire length, the west boundary

fault of the Ruby-East Humboldt Range is more sinuous
and deviates more sharply and to & greater extent from

oes the boundsary feault at the

(o %

its general trend than
-east base. It seems entirely possible that pre-
faulting structures in the older rocks may have exerted

an influence on the trend of the west boundary fault.

Nature of the Boundary Fzults

>

Two decades ago arguments raged as to the existence
or ﬁon—existence of the boundary faults of the Basin
Ranges. Today, the existence of the boundary faults

is generally admitted, but various views 2s to the
character of these faults are held.

The boundary fsults of the Ruby-East Humboldt Range
have been exposed well enough for measurements of the
dip of the fault plane only in two localities.

(1) On tne east side of the rangé néar the north

end on Willow Creek, NW. 1/4 section 2, T. &6 N.,

1

R, 61 E. Here the fsult plane dips 72 degrees east
+ 2 &
or basinward. Minor faults in the Miocene basins sedi-

ments were also noted in this area, all dipping steeply

besinward,

2|

L8>

(o 3 i SN g < 5 Fa 3 §
\2) In Secret Valley, NE. 1/4 section 17, T. 34 N.,

o ¢}

« 80 E., a feult between %he Miocene basin sediments



and the pre-Tertiary rocks of the mountains dips 60

degrees basinward, or northeast.
At the west entrance to Secret Pzass
south bank of Secret Creek, eastern edge

T. 54 N., R. 59 E., a subsidiary feult 1/¢
of the main boundary fault is well exposed
plane here strikes N. 35° W. and

or westward.
on which has dropped Quaternary gravel
detritus down into contact with ‘Miocene
of the Humboldt formation, figure 10.
the mein t the west base of
by a wide zone of gouge and brecciztion.
In the places where the boundary fa
been observed, tne faults are normal.
faults have been observed within and
on the map, figure 14. No evidence of. thrust
5 Involving the Miocene bzsin deposits has been
nhin tne area studied The Miccene sediments
i S true, )y Simple tilting or warp-
workers,

\', :..itfl ‘\’f"
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Figure 10
Sketch of a subsidiary fault exposed along

the south bank of Secret Creek near tho west

entrance to Secret Pass. This fault is about

one-half mile west of the main boundary fault

at the west base of the range. The' fault

strikes N. 35° W, 2nd dips 50 degrees west- ,
ward, QJal--Quaternary alluvium, Th-- beds

of the "locene Humboldt formation




Nature of Displacements on the Faults

—_—

The general assumption has been that the displzace-

ment on the boundary faults has been lzrgely, 1if not
entirely, dip slip. Such seems to nave been the czse .
in the Ruby-Esst Humboldt Range, though some of the
latest displacements on the faults have had e large
strike-slip component.
Oblique striations have been observed on the plane
_of a fault at the mouth of Secret Pass, figure 10.
This fault strikes N. Z5° W. and dips 50 degrees west-
ward. The striations pitch 55 degrees nortnwestwerd,
or make an angle of 65 degrees with a horizontzl line
in the plane of the fault. The inclination of the
strietions indicates that the last movement of the
mountain block has not only been relatively upward, but
aiso relatively southward. It 1is .well known that
striationson a fault plane indicate -only the nature éf
t movement, and too much significance cannot be
these oblique striations. In Secret Valley.
end of the range along Willow and
striested feult surfaces indicate that
movement in these places was essentially &
displacement.

fact that some of ti larger streams of the




western slope swing northward as they approach and

emerge from the mountain block might be taken &s
evidence that the mountain block has been displaced
relatively southward. The lack of & simllar swing
in streams on the east side of the range, and in some
of the western streams, too, may be accounted for by
the fact that these streams were not znd are not
intrenched in the basin fill. A moment's consider-
ation will show that & stream must have a confined
channel on both sides of a fault to be effefted by
lateral displeacements on the fault.

R. J. Russell (78, p. 454) has also noted some
evidence of upward and southward movément of the
Warner Range. Gianella and Callaghan heve recorded
evidence of horizontel displacement on faults which
caused earthquskes in western Nevada near Cédar Moun-
tain in 1932 (29, p. 2, 20) snd near Exc¢ellsior °
Mountains in 1934 (14, p. 167). Hobbs (42, p. 379)
has reported a horizontzl displacement of 9 to 16 feet
in the Owens Valley, California, earthquake of 1872.
Lawson (52, p. 197) notes that oblique striations on
a recent fgui plane on the esst side of the Sierra
Nevada, in Carson Valley, indicate relative upward end
Southward movement of the mountain block. Thus, 1t

Seems that there is some evidence that the last fault



movements in the Great Basin nhave been obligue and not
simply dip slip.

| What the total amount of strike-slip displaceﬁeu;
} on Basin Range faults may be 1is unknown. The fact

‘ that features,common to faults like the San Andress,

which have large strike-slip components, are rnot present
along the Basln Range fzults suggests that the strike-
\

m

slip displacement 1is relatively small. The lack of

crumpling and structural complications at the ends of

the ranges such as would be expected if they had been
displaced laterally also suggests that the strife—slip
} component is small. King (50, vol. I, pp. 742-74Z)

suggested horizontsl displacements of as much as five

miles on Basin Range faults, but his evidence 1s not
convincing.
The Ruby-East Humboldt Range is a tilted horst,

as are other Basin Ranges (1, £, 28, 51, 78). Tilting

F o

of fault blocks mesns rotetion around a horizontal

1

longltudinel axis and infers some sort of adjustment

+

at depth to permit this rotation. Longwell (53) has -

recently revived the old sugge fault

‘-r » -»
tion that the

7]

planes are curved at depth. A curved fzult plane
permits rotetion with s minimum of sdjustment. The

matter is one largely of speculation.




Amount of Displscement on Boundery Faults

An inspection of the various blocks of figu:e 11
will show that on the east side of the radge the
difference in'altitude between the crest of the range
and the base of the Miocene deposits immedistely east
of the fault gives directly & minimum figure for the
verticai component of the dip-slip displecement. The
true displacement is greater by the amount of rock

which has been removed by erosion from the crest of

the range. The situation is entirely different on

e
the west side of the range. Here the verticzl com-

ponent of the éip slip is represented by the thickness
of the Miocene deposits immediately west of the fault,
plus an unknown thickness of these deposits which has
becn removed by erosion, plus an unknown thickhessvof
pre-Tertiary rocks eroded from the west slope of the
mountain block. The minimum displacements on the.west
dary fault are not given by the difference in

eltitude between the crest of the renﬁe and:the base

Miocene deposits immediately west of the boun-

ary fault because of the westward tilting of the
mountein block.

The following tsable gives minimum figures for the
vertical component of the dip-slip displzcements on the




boundary faults at a number of localities. The pre-

Miocene surface is assumed to be one of low relief,
en assumption supported by the fineness of the bassgl
Miocene deposits. The thickness of basin sediments

assumed at each locality is shown in the table.
VERTICAL COMPONENT OF DIP-SLIP DISPLACEMENTS

East side of the East Humboldt Mountains

Vertical component of Assumed thickness
North to south dip-slip displacenients of Miocene deposits

Ralph Creek--——-———-———= 4800 feet —--——————-—- —+~ 1000 feet
Leach Creek-—————ecece——- 5800 feet —-=———vee——ae- 1000 feet
Johnson Creek----————-- 4500 feet ————---ane-o 700 feet

Polar Star mine-----—-- 2200 feet -————ceeweu— 500 feet

East side of the Ruby Mountzins

North to south

Robinson Creek--——————- 4200 feet -==—-—-=2—-——- none known
Smitners Cragk———=-=te 4800 feet ————eeeme none known
Wines Creek-———-——ceeca_- 4600 feet -—-—===—==—=—- none known

West side of the Ruby-East Humboldt Range

North to south

Boulder Creek-—————-——- POOO(T) Feet ~-ioni il 1000 feet
Secret Pass-———--meeemme 1000(?) feet ——-cic—un 1000 feet
Thorpe Creek--———-———— 2000(?) feet ----———-- 200 feet

by 345 et




The figures are approximate and some of them may
be in error as much as a thousand feet and perhsaps
more, The figures for the west side of the range
are all given as guestionable and represent the best
estimates ‘that can be made with the data at hand. The
figures for the east side of the range are given with
considerably greater confidence. The actual displace-
ments on the east side are certainly no smaller than
the figures given, and they may be much larger. The
relative préportions between the displecements on the
east ;nd west sides are believed to be about right.
The displacement on the east boundary fault has Eeen
considerably greater than on the wést. The Ruby—'
Fast Humboldt Range has not only been uplifted &s a

norst, but it has been tilted westward in addition.

TERMINATING STRUCTURE OF THE RUBY-EAST HUMBOLDT RANGE
The terminating structure of the Basin Réngeé has
long been a problem. The two conceptioné generelly
neld are: (1) the ranges are‘términated by decreasing
displecements on the boundary faults, so that in
longitudinal section the range looks like a broad anti-
cline, highest in the middle snd lower towérd both ends,
end (2) the ranges are terminated by a cross fault or

series of cross fsults. The first view has been

championed chiefly by Louderbeck (62, p. 338; 63, p. 667).

>~



The terminating structure of the Ruby-East Humboldt

Range has been studied only at the north end neer Wells.

A structure somewhat different than either of the two
outlined above has been found. The crest of the reange
meintains its ususl height, 10,000 to 11,000 feet, to
within 3 or 4 miles of the north end of the mountzins.
A decreasing displacement on the boundary faults in the
last 3 or 4 miles explains only part of the permination
of the range. A glance at the maﬁ, figure 14, shows
that the east boundary fault swings westward, ané the
west boundary fault swings eastward at the north end of
the range. The two boundary faults epproach each other,
an¢ the mountain block narrows progressively between them.
At the northern tip of the range, the faults intersect,
and the range 1is terminated.

On thé map, the west boundary fault is shown zs
crossing and terminating the east boundary feault, foy
& low scarp along the line of the west boundary fault
peyond the intersection of the two faults indicates that
the latest movement has been on the west boundery fault.
At earlier periods, movements on the two faults may have

been essentially contemporaneous.,
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OFFSETS IN THE BASE OF THE RANGE

Offsets, relntrants, and irrégularities along the
base of Basin Ranges bounded by a fault are common
features and have been explained by different workers
in a number of different ways. The west base of the
Ruby Mountains is particularly irregular, and it
deviates from its general south-southwestward trend
to a considerable extent at two places: the mouth of
Cold Creek and northeast of Lee between Heenan and
Welch Creeks. These offsets are related to bifurca-
fionsvof the main boundsry fault at the base of the
range. The main fault in each case swings sharply
castward into a southeast trend, which it follows a
snort distance before swinging back into the usueal
south-southwestward trend, figure 14.

This eastward swing in the main boundary fault 1s
sccompanied by a corresponding easﬁwara-offsét in the
base of the range; A minor fault, which splits off
from the major fault at the point of bifurcation, con-
nues along & line which is roughly the extension of

+3 4+ o

the trend of the fault before bifurcation. This minor
fault dies out southwarc within a few miles. Why the
major fault should deviate so sharply from its general

trend at the two locelities mentioned is not exactly




clear, but in the fileld a striking relation between

the trend and shape of the offset and the 4nternal
structure of the range has been noted, particularly
at the southernmost of the two offsets, between Heenan
and Welch Creeks. The internal structure of the
mountain block at this offset swings t

or less parallel to the trend of the offset

manner which suggests that the structure of tu

Tertiary rocks has influenced the trend of the boundary
fault. At the Cold Creek offset the relations between
térnal structure and the trend of the boundary fault
are less clear. The relation between internal struc-

ture and the trend and configuration of the range 1is
much closer on the west than on the east side. Hulin
(45) has recently emphasized the influence wnich pre-
faulting structures may have had on the trend of faults
bounding the Basin Ranges, and simiiér relations have
been noted by Esrdley (23, p. 389), Ferguson (25, £6),

Giibert, 33, p. 21), and others.

PERIODS OF FAULT MOVEMENT
Renge faulting
Seer well established in the R ' BEumboldt region,
and there 1s some evidence for & fif These are:

a8 questionable middle or upper Miocene period, & later




middle or upper libcene périod, a Miocene to Pliocene
period, a period extending from some time in the
Pliocene Into the Pleistocene, and a late Pleistdcene
to Recent period.

The origin of the Miocene areas of deposition in
northeastern Nevada is stiil en unsolved problem.
These areas of deposition may have come into being
either by faulting or warping. A period of middle
or early ﬁpper Miocene faulting 13 z possibility which
is és yvet unproved. This would be the easrdiiest period
of faulting in this region, whereby the basin and
mountain blocks were outlined. |

In Chapter II & series of slide breccias and fan-
glomerates, interbedded in the Miocene Humboldt forma-
tion, Jjust south of Wells, has been described. These
deposits are thought to have been derived from an
actively growing fault scarp, 2 mile té:the west.
Comparisons with similar'deposits described by Longwell
(59, 60, 61) indicate that the theory of derivation
‘rom an actively growing fault scarp is entirely
dcceptable. Since these deposits are interbedded
in the Humboldt formation, middle or upper ¥iocene,

movement on the faults in middle or upper Miocene time

1s indiceted. All evidence points to the fact that




the fault upon which this movement took place 1s the
same as the one which bounds the East Humboldt Mouhtain
on the east side today. This period of faulting 1s
later than the questionable faulting which outlined the
original area of Miocene deposition.

The relatively fine-grzined beds above &nd below
the coarse breccias and fanglomerates show that the
faulting repre§ents a distinct break in the preceding
end'sucgeeding periods of sedimentation. Tnis second
period of faulting is separated from the first by a
veriod of relatively quite sedimentation. Several
veriods of faulting may have ensued during the deposi-
tion of the Humboldt formation, but, since cirect
evidence for only one period is found, only one period

of faulting is listed.

The féult relations between beds of the Humboldt

‘ormation and the pre-Tertiary rocks of the mountain
block indicete at least one, and possibly several,
veriods of post-Humboldt faulting. In the Elko Range
near Elko, and at the southern end of the East Humboldt
¥o¢ntaiu$, a series of lavas and lava breccias overlie
unconformably, tilted beds of the Humboldt formation.

A period of deformstion and erosion hes ensued between

the deposition of the Miocene Humboldt formation and




the extrusion‘of the lavas. Buwalda (1£), Louderback
(62, 85), and Ferguson (25) among others have noted

that the liocgne-Pliocene interval, and the esrly
Pliocene, were marked by deformetion and erosion in

the western part of Nevada. Similer reletions may

have obtained in the northeastern section of the state.
Therefore, the lavas are tentatively dated as Pliocene(?),
and a period of post-Humboldt and pre-Pliocene?lava
déformation,‘presumably faulting, is:indicated. This
may bé called, for convenlence, the Miocene t¢ Pliocene
pveriod, for it may have occurred any time in the inter-
val from late Miocene to some time in the Pliocene. -

The nature of the erosion surface upon which the
Pliocene(?) lavas rest indicates that the Rﬁby—ﬁast
Humboldt region was reduced to an ares of low relief
by erosion prior to the extrusion of the lavas. The
topography of the Ruby-East Humboldt Rangéjis too sharp
and too fresh, particularly the eastern face, to be
attributed to the Miocene to Pliocene period of faulting; -

the laest major uplift of the range, 2s we see it

iay, has been somewhat later. Unfortunately, the
Pliocene(?) lavas are nowhere directly broken by the

boundary faults.’ However, to the west, in the Elko

‘ange, the Pliocene(?) lavas rest on the top of the
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range in such relations as to indicate that thgy were
extruded before the Elko Range, & fault block, Ww&s
uplifted to its present position. Louderback (65)
hasvpresented evidence to show that a period of
Pliocene-Pleistocene uplift occurred within the Gres
Basin in westérn Nevada. The available evidence indi-
cates a perlod of faulting wnich may have occurred any
time in an interval extending from some }
Pliocene into the Pleistocene. It is possible that
faulting occurred more or léss continuously tnrgugho;t
this interval. Pediments and terraces zlong the east

flank of the range are younger than this period of

faulting. There is some evidence for belleving that

ct

hese surfaces are not younger than upper Plelistocene,
they may be as old zs middle Pleistocene. This

riod of faulting aic¢ not extend beyonc the middle

)

or upper Plelstocene ana is separated from the succeed-
ing verioa by an interval of stability during which a

ries of pediments and terraces were cut.

he latest period of faulting 1s represente by

pledmont scarps on both sides ol the range. On the

west side, tiese scarps cut glacial drift wnich has

been correlated with tne Iowan substege of the Wisconsin

wi

tage of glaciation. : .

o




On Heenan Creek, south of Lamoille, outwash gravels
f a later Wisconsin glaciation may or mey not be cut
by a piedmont scarp. The relations at the mouth of

Heenan Creek could be explained by stream cutting, so

ct
»

no definite assertion can be made 2s to the date of th
latest faulting in this area. It is certainly later
than the Iowan substage of the Wisconsin, and masy possibly
te post-Wisconsin. This period of faulting may be dated
as late Plei;tocene to Recent.
ft is entirely possible that;faulting mey, nave been
aore or less continuous from the Miocene to the present,
and the so-called periods outlined above represent
maxima end not necessarily definite,long-separated
eriods in this faulting. The Ruby-Esst Humboldt Range
may be 1n the process of being differentially uplifted
as rapidly at the present time as =t any time in its
iistory. i
The following periods or maxima of Basin Range

feulting seem to be indicated or well substantjated by

ct

various features of this region.

(1) Pre-Humboldt (middle or upper Miocene) faul ting
"Ping to give rise to the Miocene areas of deposition.
(2) Feulting during the deposition of tne Humboldt -

formation glving rise to slide breccias and fanglomerates.




This period is either middle or upper Miocene depending
upon the exact age of the Humboldf formstion.

(3) Post-Humboldt-pre-Pliocene?lava fzulting.
This period mey extend from latest Miocene into the
Pliocene.

(4) Post-Pliocene?lava faulting. This period
may occupy any part of an interval starting some time
in the Pliocene and extending well into the Plelstocene,
or 1t may extend throughout this intervsl.  This Aas

been the period of last maximum uplift of the range.

(5) A late Pleistocene to Recent period of feult-
ing represented by pliedmont scarps which ,are known to
be post-Iowan éubstage and possibly post-Wisconsin stzge
of glaciation.

Ferguson (25) has outlined four periods of Basin
Range faulting in the Hawthorne and Tonopah quadrangles
of western Nevada as follows:

‘{l) Pre-Esmeralda (Miocene) or conteméoraﬂeous

with Esmeralda (Miocene)
Post-Esmeraldz and pre—bliocene
Early Pleistocene

Late Pleistocene
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Figure 11 is a series of diagrammatic cross

sections which ill@strate the evolution of the Ruby-
East Humboldt Range from Miocene to the present.
The pre-faulting surface is assumed to be & surface
of low relief, practically a peneplain, which is in
keeping with what is known in this area and in the
Grezt Basin as a whole. The initizl deformzation is
assumed to be faulting, though no definite proof of

xHis 18 forthcoming, and the initial deformation may
na;e been warping. In each pair of sectiens, it is
assumed that all erosion takes placeIAfter and not
during the faulting, an incorrect  assumption, but
one which does not materislly alter the relations zs
shown in the sections. No faulting is postulated =t
the western base of the range until the second period.
The exact time at which faultines was initiated at the
#est bese of the range is not known ahd may have been
earlier or later than shown. Two smell faults are

siown west of the principel fzult at the west base of
the range. One such subsidiary fault has been observed,

10 the nighly deformed Miocene beds along tne west base
°of the range would seem to indicate that others are
Fresent,

The surface of low relief ﬁpon which the Pliocene(?)

lavas have been extruded indicates = conside;able erosion
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interval after the post-Humboldt-pre-Pliocene(?) lava

period of faulting. The relief of the Ruby-Ezast

Humboldt Range was probably not over 2000 feet before

O
"

the Pliocene to Pleistocene faultinz. Eardley (22)
has presented good evidence which shows thst
Wasatch Mountains hed & pre-faulting relief of
3000 feet. He does not consider the prossibility that
this relief may have been related to a period of fault-
ing earlier than the last maximum uplift.
: The ldst pair of sections (Pliocene to Pleistocene)
lshow the crest of thé range a short distaﬁce west of
the top of the east scarp. This is the case in many
places in the range, but not in all. In other places,
the Pliocene to Pleistocene crest of the range must have
been east of the present crest; for the westward-flowing
Jtrgams head in broad, open saddles at the crest and have
clearly been beheaded by the shorter,:steep@r streams
of the east side which are actively engaged in driving
thg drainage divide westward. '
The last maximum uplift of the Ruby-East Humboldt
nge has been in the interval extending from some place

4

in the Pliocene to middle or upper Pleistocene. Eardley

\€<) nas presented evidence which indicates that the last

major uplift of the Wasatch Mountains has been late




Tertiary or early Pleistocene. Eaton (24, p. 29)

holds that the block faulting of the Great Basin resached

a maximum in the upper Pleistocene. Kno;ft(El; pe-18,

p. 88) states that the major upliit of the Sierra Nevadsa
took place at the beginning of the Quaternary. Louderback
(65) Has concluded that the period of max imum faulting

in the western Grezt Basin was late Plioccene or early
Pleistocene. R. J. Russell (78, p. 495) concurs with
this view.

In summary, the period of maximum faulting in the
Great Basin seems to be latest Tertiary and Quaternary.
The Pliocene to Pleistocene period of last maximum
uplift of the Ruby-East Humboldt Mountains fits in well

with this conception.

PIEDMONT SCARPS

Generzl Statement

The Great Basin as a whole, and Nevada in particular,
might well be called the type locality for piedmont scarps.
P1

edmont scarp was the name given by Gilbert (33, p. 34)

@ low fault scarp which bresks the piedmont (fan,

:/ada) or alluvial slopes which descend from the bese

&

the principal scarp of a Basin Range. Longwell (58,

>

1) has proposed that fan scarp would be az better term,
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but. pledmont scarp seems so well intrenched in the
literature that it will be used here.

Piedmont scarps may be located imrediately at the
base of the principal scarp or some distance out on the

piedmont slope. They have been described from a great

n

7 4
.

number of places in the Great Basin by Gilbvert (22, 33),

I. C. Russell (74, 75, 76, '17), Baker (4), Knopf (51),

5

Louderbsck (62, 6&), Lawson (52), Lindgren (55), Davis
(17), Hobbs (42), Longwell (58), R. J. Russell (78),
Taber (83), Page (69), Glanella (29), ‘and others.

>

Features of the Piedmont Scarps of
the Ruby-East Humboldt Mounteins

Piedmont scarps are prominent features along the
west base.of the Ruby-East Humboldt Range from the
nortnern end south to a few miles north of Lee. South
of Lee no piedmont scarps have been noted. Two scarps
wiich may truly be classified as piedmont séarps,'thdugh
somewnat olcer than those of the west side,'will be

escribed from the east side of the range.

Near the north end of the East Humbpldt Mountains
the mouth of Greys Creek is a piedmont scarp,. 75 fspet
cuts fan gravels at the mouth of the creek,
Plate - XI -, The lower pert of the scarp may be bedrock,

but the overlying gravels slump down and cover the entire




face of the scarp. About 75 feet in front of this

scarp, parallel to it, is a low scarp, 20 feet high,
seemingly composed of gravel, which faces t5ward thé
mountain, A low, graben-like depression separates the
two scarps, Plate XII , About 7% feet beyond this
second scarp 1s another mountainward-facing scarp, lower
and more subdued than the first. These scarps extend
for several hundred feet parallel to tne strike of tne
mountaiq front. They are clearly not features of
Stream erosion and may reasonably be attributed to
recent movement on the main boundary fault. Gilbert
(33, pp. 36-37) has proposed an explanation for these
graben and subsidiary piedmont scarps, and his explana-
tion has been accepted by Longwell (58) and Page (69).
faler (88 ©. 667) has cPitictasd GiivEvt!s mechanism,
anc some further objections are outlined here.

The explanation gutlined by Gilbért supposes that
ne ran gravels or alluvium rest directly against a
fault plane, the footwall of which 1is Dbedrock, figure 185
A. “netner the zlluvium came into this position by an
e&rlier faulting or by deposition, he does not state,

movement occurs on this fault, the nanging wall

0ves relstively upward carrying a part of the alluvial

‘eposSit with 1t as shown in figure 12, B. The intervening



depression or trench 1s quickly filled, completely or
in part, by detritus from both sides, figure 12, C.
The double depression at Greys Creek could be explained
by two separate pieces of alluvium clinging to the
upthrown block. Gilbert has also.suggested that a
slice or block of gravel may slump and spread during
the fault @ovement and form a graben-like depression
as shown In figure 12, D. Gilbert further admits
thet some pledmont scarps are probably the agirect con-
tinuation of fault surfaces in the underlying 5edrock.
Tne explanation outlined by Gilbert is in need of
modification on two points. In Gilbert's figures,
?igure-li, the dip of the fault plane is &3 degrees,
which is much too low. Furthermore, Gilbert assumes
that the initial relétions are those of alluvium resting
against the lault face, which 1s not the_case except dn
rere instances. Figure 13, A, represents more truly
tiie relation of alluvium, fault, and bedrock before
fziiting. The alluvium covers-the fault and laps over

onto the mountain block. Movement on the fault could

produce a

a trench iIn the overlying gravel like that shown

‘n figure 12, B, Subsequent slumping and washing of

gravel from both sides would fill the open trench in the

Same manner as outlined 'by Gilbert, Figure 13, C.




Some graben and pledmont scarps may be formed in
the manner outlined above; others probably represent,
directly, breaks in the underlying bedrock. Complex
distributive faulting would be expected in e wide
fracture zone which forms the boundary fault of th
mountain block, and within this zone slices or blocks
mey be relatively depressed in such a manner that a
graben-like depression would be formed in the overlying
gravel. ‘ 4

Remnants of a piedmont scarp appear immedistely
south of Thorpe Creek and extend more or less contin-
uously for 9 miles south along the west base of the
Ruby Méuntains. This scarp cuts moraines correlated
with the Iowen substage of the Wisconsin glaciation at
the moﬁths of Lamoille and Seitz Creeks. (The Pleisto-
cene glacial succession outlined by Thwaites (8%, p. 72)
is followed here.) Outwash gravels asgociatéd with
an even younger substage of the Wisconsin glaciation
by a 20-foot scarp at thne mouth of Heenan Creek.
-nis scarp is on a line with remnants of the piedmont
Scarp exposed at other places along the base of tne range.
However, it cannot be stated with certainty that the
faulting is younger tnan these outwash gravels, for the
relations at the mouth of Heenan Creek could be explained

by stream erosion.

132
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On the east side of the Ruby Mountains, extending
from Smithers Creek south to Battle Creek, & cistance
of 10% miles, 1s a striking piledmont scarp, 1/4 to 1
mile in front of the face of the range., Tnis scarp
is well erxposed near Lutts Creek and
brevity will be referred to as the Lutts scarp
‘ace, of the Lutts scarp is composed of
intruded by pegmatitic and granitic rocks.
overlying pediment gravels have slumpéﬁ down over
face of the scarp and have covered the underlying bed-
rock, However, as far as can be seen, the sc¢arp is
nownere composed of gravel, and in this sense it differs
from the pledmont scarps on the west side of the range.,
The Lutts scarp is highest between Lutts and Thiompson
;reeks, ranging from 150 to 200 feet high. South of
‘hompson Creek it decreased gradually in height and
disappears south of Battle Creek. To the north of

scarp also decreased in height apd

South of Smithers Creek. Just south

dissected pedimen u mestione and igneous

and thie base of the




méuntains. No, evidence of a fault nNes been found at
the base of the mountain slope, though a diligent
search has been made, and it seems likely that the
Lutts scarp represents a late displacement alons the
main boundary fault. This means that the mountain
front has been worn back to its

ing a pediment between it and the bounds

pediment 1is broadest, 1-1/4 miles, neer Thompson,

and Moore Creeks, and decreases noticeably

south toward Battle Creek, where it 1

hundred yards wide. To the north of Thompson Creeck

the pediment is 1/2 to 3/4 miles wide. The more

massive and resistant outcrops of igneous rock stand

up as low residusls on this surface. The pediment is

capred with gravel only near Thompson and Moore Creeks.

Terraces at approximetely 100 feet and 50 feet

above stream-grade along Lutts Creek between the Lutts

Scarp and the mountain front, anc a few terrace remnants
>ther streams, indicate that the uplift of the Lutts

'P may have been in stages, separsted by short inter-

07 erosion.

The age of the Lutts scarp cennot be exactly deter-

™4

iined. It 1s dissected to & depth of about £00 feet .

°y large streams such as Lutts, Thompson, and Moore Creeks.




Small headward working canyons :a
scarp fece and nave extended back
mile fror

or

o

not older th

A scarp
Lutts scarp nas
Creek. This

o

0] Wle Talnge s

decreased in height towvard
is composed of binary granite.
mile wide has been cut on the grenite between
carp and the base of the mountain slope. This
arp-is particularly notable for the
springs which emerge along its
everytning said about the age and nature
SCAT} s Tor: this S8arp: to0o.
range.
pledmont scarps,
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Why the fault movements on the west side of the range
should be younger than on the east side 1s not' entirely

clear. The suggestion is offered that the latest move-

ments on the west side may be something of & reaction

causecd by earlier uplift and tilting of the mountain block
at the time the Lutts scarp was formed. The 1initizl
deformation at the west base o 1. range at the time of
this uplift would be a sort of flexing. At a later
‘date, additional light stresses ﬁay have caused the flexed

rocks to fracture giving rise to the piedmont scarps now

seen on the west side of the range.

Age of Piedmont Scarps

The exact age of piedmont scerps is often difficult
to determine. Some are known to be historical: Owens
Valley, Calif., 1872 (42); Pleasant Valley, Nevada, 1915

£9); Cedar Mountain, Nevada, 1932 (29).°' Piedmont

's younger than the shore features of Lake Bonneville

Lake Lahontan have been described by Gilbert (22, 32

besidnseell (75, 77). Other piedmont scarps
ear to be olaer than these lekes because they zre
nearly so well preserved &s the shore festures of
lakes. Piecmont arps cutting glacizl moreinés

the base of Great Bs \anges nave been described

C. Russell (77, p. 20£) and Gilbert (83, 1




32, pPp. 346-347). At khe west base of the Ruby Moun-
tains glacial drift correlated with the Iowan substage
of the Wisconsin glaciatioh is cut by & pledmont sgerp.
Piedmont scarps are certainly festures of

cene and Recent.
ABSOLUTE MOVEMENTS OF BASIN AND MOUNTAIN

Genersl Statement

The relative movementg of mountain and basin blocx
is ciear. The mountains have gone up, the basin down,
relative to each other. The nature of the absolute
movements of the basin and mountzin blocks with respect
to a pre-faulting datum plane 1s snotner matter. The
mounteins may have risen while the basin remained fixed,
or vice versa, or both blocks may have moved either in

opposite directions or in the same direction but to

i17ferent degrees.

in the 1315 Pleasant Valley earthquake in west-
ral Nevada. R. J. Russell (78, p. 492) has
Presented an extended discussion of features related

to the Warner Range of northeastern California and has

coneluded that the mountain blocks have risen above,
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and the basin blocks have sunk below, a former level

detum plane represented by a large srea of horizontel

lavas 1in northern Californis end southern Oregon. The

rising of the mountain blocks above this level: is

several times greater than the sinking of the basin

blocks. Russell (78, p. 494) further points out that

the latest movement along the east side of the Warner

Range (Surprise Valley) and elsewhere in the Grest
Basin has been & sinking of the basins. This is shown

oy

on scerps, are
unwarped. The terraces are clearly older than the

pledmont scarps.

If the mountain block had been active,
the terraces would be warped; for the neight of the
pledmont scarp and other ?eafures indicate that the
jdiSplacement has not been uniform'over eny great‘fistance.
Jenney (46) hes used the same argument but in the
opposite sense for the Humboldt Range of west-central
Nevada, Jenney stetes that Quaternary laske terraces
¢ loceted on the basin side of recent pledmont scarps,.
and, since they are unwarped, the mountsin blocks must
ieve risen while the basin blocks remained stetionary.
Eardley (22, p. 285), as a result of studies in the

e Southern Wasatch Mountain

0

s, hes suggesteé that the




mountain block rose and the besin block to the west
sank, and both tilted eastward. Ferguson (25) like-
wise holds for absolute uplift of certein horsts
ebsolute depression of cert:zin greben

Fuller and Waters (28, pp.

of absolute sinking of the Guano grapen

Oregon. Lawson (52, p. 199), Lindgren (5¢

and I. €. Russell (77, p. 303) have staf

positién of lakes, streams, and: swamps

‘the eastern scarp of the Sierra Nevada

absolute depression of the basin block to the east of
the mountains. This argument is not soﬁﬂd with regerd
to closed basins, for a westward tilting without

absolute depression of the basin block would give the

same results. Surveys by I. C. Russell (77, p

snow that the terraces of Mono Lske at the ezsst

ad 3

of the Sierra Nevada have been tilted westward. There-
fore, an absolute depression of the besir block east

of the Sierra Nevada remsins unproved. In enother

¥y I. C. Russell (75, p. 282) states that a

the mounteins the western Great Besin




Absolute Movement of the Ruby-East Humboldt

Block

Ruby Valley, a closed, detritus-filled basin, bounds
the Ruby Mountains on the east side. In most places,
the detrital filling of Ruby Valley extends to the base
of the mbuntain slope. In the places where streams
nave cut through this detrital cover a pediment cut on
the pre-Tertiary rocks of the mountain block is exposed.
There can *be 1ittle doubt that the entire esstern base
of the Ruby Mountains is flanked by a pediment cut on
the hard, pre-Tertiary rocks of the mountai; block.

The largest exposed area of this pediment is.in & 103%-
mile long strip extending from Smitners Creek to Battle
Creek. In this area the pediment is bounded on the

east or basinward side by a piedmont scarp, the Lutts

n

w

cerp, which is 200 feet high in its highest part near
Lutts and Thompson Creeks. The pediment extends west-
ward from the Lutts scarp across pre—Teftiarf rocks ‘to
tne base of the mountain slope. The pediment 1s 1/4 to
mile wide. Diligent studies fziled to reveal any
"ault between the mountzin slope and the pediment. The
couc.usion seems justified that the mountsin face has
receded from. the boundary fault to its present position

by erosionel retreat, leaving behind the pediment as an
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erosional remnant, The position of the boundary fault

is indicated by renewed movement which has produced the
Lutts scarp,

The pediment is dissected by the streams which flow
across it, and the depth of dissection shows such close
relations to the height of the Lutts scarp as to leave
little doubt thet the dissection of the rediment 1s due
to the faulting which gave birth to the Lutts scarp.
Helative upward movement of the mountein'block or rels-
tive dovnward movement of the bzsin block could account
for the dissection of the pediment. North and south
of the Lutts scarp the rediment 1is mantled by a éetrital
cover and 1is undissected. Prior to the faulting which
oroduced the Lutts scerp, the whole front of the Ruby
Mountains in this section was flanked by a detritus-
mantled pediment, which, though.not absolutely smooth,
was graded to a common base level, the low part of ngy
Valley. The detritus-mantled pediment anﬁ.tne gurface
of the detrital f1lling of Ruby Valley formed a more or
less greded surface wnich sloped gently toward the low

part of Ruby Valley. Large arees of this surface are

]

S$till preserved today and indicete that then, &s now,
the low part of Ruby Velley was the area occupied by

Franklin Lake, 10 miles south of the Lutts scarp.
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If the absolute movement which czused the dissection
of the pediment west of the Lutts scarp nhad been s
drop:ing of the basin block, that part of the pa
along the Lutts scarp should be lower than the
immediately to the north and south. The
map (Halleck quadrangle) snows that such is not the case.
The basin immediately east of the Lutts scarp is part of
a graded detrital surface which slopes gently southwarc

toward Franklin Lzke.

it would be the lowést place 1n this part.of Fuby Valley,
and Franxlin Lezke should lie at the base of the Lutts
scarp.

The argument might be advenced that the part of
Huby Valley which contains Franklin Lake has been

cepressed at & later time, hence, the present position

of Franklin Lake. The lack of disseéction of the pedi-

ment at the east base of the Ruby Mountzins near
franklin Lake shows that the Franklin Lake ares has
.0t been lowered.
The other slternative is that the pediment west
arp has been exposed and dissected because -
upward movement of the mountzin block along
scarp, and the lack of evidence of depression

of the basin indicates that this i$ the case.




An absolute upward movement of 200 feet of the

mountain block 1s indicated by dissection of the

pediment west of the Lutts scarp. This 1s & relatively

. young movement (late Pleistocene ?) and does not neces-
sarily mean that all the displacement on the boundary
fault at thé east base of the Kuby Mountzins has been
an absolute upward movement of the mountzin block.
The glaciation 6? the Ruby-East Humboldt ERange
discussed In Chapter IV, Two substages of
glacistion are recognized, but no good evidence of &n

e

earlier stage of glacliation has been found. The sug-
gestion may be advanced that the mountains were not
nigh enough to have been glaciated in tne earlier
periods. Eardley (23, p. 400) has suggested that the
lack of pre-Iowan glaciation in the Wasatch Mountzsins
might be accounted for by the fact that the range has
attalned its present altitude only in post-Iowan time.
I? the Ruby-Fast Humboldt Range were not.high enough
to be glaclated in the earlier periods of glasciation,
considerable ahsolute upward movement of the mountain

°k is indicated for the later part of the Pleistocene.

“lie objections which may be advanced to this idea are:

\
7 o | -

\1) The evidence of earlier glsa : 1S 1 nave been
entirely destroyed or so far

nizable, (£) Pediments on t! : side of the range
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extend unbroken across both Miocene basin se%iments

and the pre-Tertiary rocks of the mountzin hRlock. This
relation indicates no‘differential cdisplacement of th
mountain and basin blocks since the surfaces were

o

The exact age of these pediments is not known, but
gppear to be older than the Wisconsin glaéiation Eele
may be as o0ld as middle Pleistocene. If the surfaces
are as old as middle Pleistocene, the mountzin block
has not been differentially uplifted in the late
Pleistocene. 3

In summary, it may be said that at leést one of
the latest displacements along the ezst boundary fault
has been an absolute upward movement of the mountain
block; and it is suggested, but by no means proved,

that considerable absolute upward movement of the

mountain block has occurred.

FORCES INVOLVED

Recent trends have been to emphasize the Importance
lesst the western part of the Great
8), Mayo (67), Lawson (52), Smith
A~ v o~
Ho r,‘v'
in the western Great

apping influence




observed on the west side of the Ruby Mountains. These ~
pediment remnants have been correlated with more

extensive and better preserved pediments cﬁt on the

Miocene basin deposits and the pre-Tertiary rocks of

the mountain bloék along other parts of the range.

Detailed study of pediments

side of the range show that
rejuvenation of the Humboldt River drainage b
cause outside of tne area and is not related to édiffer-
sential displacements of the range end adjoining basin.,

In other words, the high pediment remnan%s on the moun-

tain block are in their present isoleted position

because of uplift of the range but beceause of erosions
removal of the soft Miocene sediments in’the basin.
In these places 500 to 700 feet of the scarp must be

fault-line scarp.

In summnary, both the eastern and western faces of
ne Ruby-East Humboldt Range are comrosite

ence not strictly true fault scarps or fault-line

SCarps. Cotton (15, p. 161) has suggested tnat scarps

affected by recent displacements be called rejuvenated

«Q

w

arps. Thus, the scarps on both sides are in places

B B

reJuvenated, composite scarps. likely thsest other
scarps of the Great Besin are composite scarps, espe-
~d 2

¢lally in those areas in which the adjoining basins are

filled with soft

-3

ertiary deposits.
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FACTORS DETERMINING EXTENT OF GLACIATION

The reason why certain parts of the same'mountzin
range have been more extensively glacisted thzn other
parts has been discussed by =z nurber of workers, more

recently. by Matthe

w
—
W
-
.
n
F_A
|
n
"N
.
r
-+
D
<
i |
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3

recognized -that.altitude is z factor of prime impertsnce,
not only because of relatively hesvier snowzll at

higher altitudes, but because the lower temperature &and

rarefied atmosphere prohibit guick: melting of the sriow
and ice. The relation between altitude and zlaciztion
is well shown in the Ruby-East Humboldt Range, for the

areas of heaviest glaciation coincide exsctl

>
’
ct
o
ct
oy
O

high areas of the range.
Secondly, it is known that wind shzdows and sun

siiadows are places particularly fevorable for the col-

lection ané preservation of snow. These relations czre
ain clearly exemplifiec in the Ruby-E: st Humboldt

ange, for Leamollle zand Rattlesnzke Canyons conts
& 2 ;

‘tJ
M
Q.

s

longest glaciers of the range. A glaence zt the ma
will show that the upper pa"ts‘Ff both these canyons
turn south and head in northerly exposed ¢ irgues. The

upper parts of both these canyons are in sun shadows

ney are further protected by a high ridge immecdiately

‘O the west which puts them in & wind shadow, for the




storms which brought precipitation to this area came
from the west, In addition, both canyons head fn
areas of nigh altitude.

The comparative shortness of the
ezst slope may be accounted for largely by three fao-
tors, First, the east Side of tHe range lies in a
precipitation shadow, for storms coming from the west
drop their Supply of moisture on the west side of tie
range, Analdgous conditions must have gttained in
tne laté Pleistocene. Secondly, as pointed out esr)

in the chapter, many of the canyons of tne eszst slope

+

‘=Ve open, amphitheater-1ike heads, This means that
‘lese canyons have a large catchment erea, but that the
oW and ice, in most of them, was spread over too large

area to form g powerful glacier, It is true that

tae ice -ever reached tne confinea parts of these

NS, & well-defined ice tongue was formeqd. Héwevér,

confined parts of the canyons are 5o far down the

R o + ~ 4 . . ) + PYES R ) mmeat Ry R 4+ -~
tope ‘tnat the 1ice woulg dave To pess well into tne' zone
+ . ~ ~ } + - + 3 £ ~ -
Le belore reaching them. fne tnird factor i

G X 2 i g i
»LEepness of the floors na walis of the up r-parts
- “ - -~ -~ o ~ o+ ~
<& canyons on the east Slde, Un such steep S1lopes,
+ ~ o - N - ooy - -~ + 5 - 3
OW cannot gather to &fly great depth before it 1S re=




avalanches moved the snow from hirn places into or nezr
to the‘zone of wastage wahere it melted more rapidly.|
The net effect was to decrease the supply of 1ce.

The Statement is often made t;at sriow blows over
the crests of mountains onto tae lee Sice; “hence the

N
aliels

lee side of a range will have the largest g

Such has clearly not been the case in the huby-East
Humboldt Range. Not enough snow was blown over tne
crest of the }ange Lo compensate for the natural handi-
caps of the east side. That some snow did blew over
the crest of the range seems to be shown by the “zct
tiat Lutts Creek, one of the largest creeks on thne ezst
side, which has a large area for siow storage at 1its
tead, was’' only slightly glaciated. Smaller cznyons to

&1

tie north and south of Lutts Creek carrled much large

glaclers.: Lamoille Canyon lies immediately over the
‘rest to the west of Lutts Creek. The snow which

‘dinarily would have blown over the.crest of the range,

i s

f Lemoille Canyon nhad not been tiere,

=
(%)
.

trapped in

L, |

Lemoille Canyon, and Lutts Creek was robbed of its share

)T wind-blown snow. LA glsnce at figure

e

s
ay
-

o
i

help

*

“O0 emphasize these relations.
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LATE PLEISTOCENE OR RECENT UPLIFT OF THE RANGE

Pleistocene glacial moraines broken by fzult scarps

have been reported from ranges of the Grest Basin by

Gilbert (16, p. 223 15, p. 846-347) and Russell (22,
p. &02), Moraines of the Lamoille substzge, which lie
on the piedmont slope st:of the Ruby Mountains at ths

mouths of Lemollle znd Seitz Creeks, are brokxen Ly sz
fault scarp, .30 ‘to 50 feet high. Anescarpment, 20 feet
nigh, jn outwash material of the Angel Lzke substege
the nmouth of Heenan Creek, may indicate fzulting later
than the Angel Lzke substzge. This secarp zprears only
on one side of the creek, and it 1is possible theat it is
a feature of stream erosion and not fsulting.

The Ruby Mountszins have been relatively uplifted by
faulting along the west base et least &s recently as

A

[oN
[

¥y &s reeently as post-

954

post-earlier Wisconsin and pos

later Wisconsin. The lack of evidence of-glaciations
earlier than the Lzmoille subStzge mey be advanced as an
argument that the Ruby-East Humboldt Range reached its

~

resent altitude only in l=ate Pleistocene time.

U-shaped val.eys, moregines, clirques, lakes, glecial

polish and other features

Ruby-East Humboldt Range lhas been




\

\

by mountein glaciers.

The various criteriz useful in this renge for the

differentiation of substages of glaciation have Ceen
discussed briefly. Applicetion of these criteria to
the various glecial “eatures of the Ruby-E&est Humboldt
range shows that the reznge has been glacisted by two
distinct ice acdvences. The older ol tuese zdvances

has been named the Lamoille substzge o glaciztion,
and the youﬁger has been nemed the Angel Leske substzge
of glaciation. Both these substzges sre thought to be
Wisconsin. | Evidence for earlier glaciations is poor
and the suggestion is offered that either the feztures
of eariier Stages have been entirely destroyed or so
fer obscured as to be unrecognizable, or else the
mountains were not nigh enough to be glacizted before
the Wisconsin,

The correlation of the ice édvances in the Ruby-
East Humboldt Range with those recorded in the -Sierra
Nevada and in the centrsl United States outlined by
N

Blackwelder (8, p. 918) is “ollowed. The older, or

central United States.

as

5 Wisconsin.

2.

etk
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Uplift of the range since the Lamollle substeage
of glaciation iIs indicated by low fazult scarps which
] t yest se

break the moraines of that stage along tne west

of the range near Lamoille and Se
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£e
march again, In places, the westwe.d migration hsas
extended far enough to behead some of t vestwerd-FClowlr

Streams; good exemples are sor of the branches of Tho

Cold, and North Furlong Creeks

GEOMORPHIC FEATURES E WEST FLANK AND THI

o LULILO U 103l I 1o S o8 ) WY 2N 4 I1F

The variou's geomorphic feztures of the we

b4
m
o
;,
0O
L

the range anc the adjoininc basins to the west have

,\
(40

D
3

) 5 x 7 ~ . - . 1
developed under a regime of eXterior dreinage The most

-
.
(
3
O
1)

striking and best-developed erosion surfaces

and terraces,are on the west side of the range. Remnants

of these surfzces

m

re particularly well preserved in four

areas slong the west base of the range. From north to

(1) A narrow Strip, ‘2. 1t6 3 milés wide, at the wes-
tern base of the East Humbolcdt Mounte in extencing from

i

Secret Pass 128 miles north to Herder Creek. The pediments

e~ - “ -~ r rie o o e 1 Y xr ro) ]
€rrac < His area are particularly well preserved
e ATy Neo § i~ o oy R A slr o 13 <N
11 o RERLEr, teer.ng, and Boulder Creeks, figure £0.

o4

tkAt“ EO ‘:
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this area are best preserveqd along Colc, Thorpe, Tzlbot,

.

and Conrad Creeks, figure 21, This will te called the

Thorpe Creek area,

(2) Along the various tributaries of ‘the South
Fork of "the Humboldt River, botn upstrezm and downstrear
from the town of Lee, figure g2, Tr v i be cazlled

H the South Fork arcs.

:
ﬁ (4) ,Along the west base or tiie hubi Kountzins ecst

? of giggs,.particularly along Smith, McCutcheon, and

% Gilbert Creeks, figure 23. This will be c;lied the '
: Smith Creek ares.

? The northern two areas are draired by streams

ﬁ. tributary to the Fast Fork of the Humboldt River. The
' southérn two ereas are drzined by streams tributary to
{: the South Fork.
Ih nearly all of these éreas, remnants eof two pedi-
{ ments end three terraces or partial pediments have been

recognized. In ‘several places, remnants o° & fourth

¥ork of the Humboldt River, = fifth, and even lower,

- ~ m -~ 1 B ~ b »

terrace hés beer apred. tAESe suriaces have been

. v 3 S IS hi4-) - o A 7 o, . ~ }
numrered successive J +Tom nigher to' lowery » SO thnat the

- - ' 1

3 T by 1y £~ - s - - 1 - o~ 4 ~
Dighest surface, ¢ Peditient - 1s surfrce #1l; the next 5

e o - " 3 P o ~ 4 - ™
lower suriace, slso s izent, 1Is surfsee #Z; and SO on.
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series, The Lee surface indicates an extended period
. Of stability =nd 1t tas twta nemed in order te facili-
tate correlztions with neighboring sreszs

The following teble €lves figures

of these various surfaces gbove present stream level.

%v Most of the messurements have been msde by riend-levell irg
= k ; , a ; i AR g o 41
4 with @ Brunton comp&ss; = some hzve been teken from the

N A

topogrsphic map. in-all cases, the meésurements have
been made to the top of  the surfeCes,_and not to the

contect between the grevel which caps
3 the underlying rocks. This has been done, becsuse in
uéerly all plezces the overlying gravel hss slumped down

& S0 extensively that the contecot between the gravel and

the underlying rock hzs been entirely buried. Thus

R & P ’

&

o thie heighits of the surfzces zs liste¢ include from 5 to

3 co=teet of gravel. The figures sre given in groups

) orresponding to the ‘“our srezs outlined zbove. The .
Streams within any one erex are'listed from north to
south. The figures rep. esent re nt in “"eet of the

5 surfsces zbov resent stream level are-arranged ir

- - %
vertical columns; thne Column - for surface #l.1s . g% the
.
left - . oF ol D pu e A
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GEOMORPHIC FEATUEES OF THE bAST FLANK OF
THE RANGE
Genersl Statement
The surfaces, mostly pediments, on the zast flank
of the range differ in several respects from those on
the west. They are cut largely on pre-Tertizry rocks.

1 a 3 : -~ - : + -

They have been devecloped uncer & regime of interior
drainage, and, hence, hzve been formed in part at lesst
with respect to a rising baselevel. Tne climatic

conditions under which they were formed are mbre arid

.than those on the west, for the high crest of thne range

casts a rain shadow over the are:z Impediztely to the ezst.

Description of Surfaces

A broad, gently sloping pedimeat aloug Willow and
Clover Creeks at tne north end of the East Humboldt
Mountains is an exception to the generzl rple oﬁtlined
above; for it 1s cut on soft Miocene basin deposits,
and &t the present time, at least, Willow and Clover

Creeks drain into the Humboldt River. This pediment

Iextends from Willow Creek soutn to Ralph Creek. 1 8y -

-
now dissected to a depth of 100 feet by strezms which

~ o

emerge Irom the east Tace of the East Humboldt Mountains.

In & number of places, remnants of a thin gravel mentle

rest on this surface.

A

LR

e b

=

A s .

B SE TSR

N i




R et .. o,

to the Polar Star mine the

From Ralph Creek south

East Humboldt Mountains are flanked by alluvizl slopes

which extend up to the base of the mountsins. In one

g |
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x
w
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147]
.

>
Q
g
ﬁ

or two places, outcrops of pre-Tertiary

distance in front of the base of

@
m
x|
wm

that the upper one-nzlf mile of this slope, which a

to be the upper part of an alluviai fan, mey zctually be

)

a gravel-mantled pediment. Near the Polar Star mine
dissected pediment, roughly 100 feet above present stream
grade,. is cut across folded Carboniferous limestone beds.
In places, remnants of z.well-cemented gravel cbmﬁosec of
subangular limestone fragments lie on this sur‘ace.

The southern énd of the East Humboldt Mountains is
encircled by a brozd pediment, slightly dissected to a

depth of & to 20 feet, and cut across Carboniferous

limestong and Pliocene(?) lavas. :

The west side of the southern projection of the East
Humboldt Mountains, the west flank of the Valley Mountains,
and the east flank of the Ruby Mountains are bordered by
alluvial-covered slopes whicn do not have the undule tory
is so

Cross section parallel to the mountazin front which

f a pledmont slope formed by

typical o coalescing alluvial
fens. -he reasonable interpretation is that these slopes

are actually gravel-mantled pediments, cut largely on the

241
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pre-Tertiary rocks which make ug
In a few places, notably south of S8ia kK, stresms
have cut through this alluvial mzntle and have exgosec

"
ik

a gently sloping surface cut on pre lary rocks.
alluvial cover in these

On the east sice
Creek south to Battle
ment which is of particular interest, figure 24.
pediment 1is cut on pre-Tertiary limestone and igneous
intrusives. It is bounded on the east
150: to 200 feet high, and on the west by th cce
tne range, Plate XXXVY. Careful study disclosed no
between the pediment and the mountzin fzce to the west.
The ‘pediment is an erosional surface left in the wake of

the mountain face as it retreated more or less parzllel

to itself. This pediment is 1% miles wide along

Thompson and Moore Creeks and narrows'progressively to

the north and south. On_the whole, it 1s & moderately
smooth surface witi nhere and there a‘'residuzl hill pro-
Jecting 50 to 100 feet above the general level. The
resiguals are composed of resistant intrusive igneous

rock. The gradients on the Pémnsnts o tais surface
average *etween.4co to 500 feet rer mile.  If the surface
has been tilted westward during the uplift along the fault *

to the east, the originsl gradients must have been Some-

what steeper.
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The surface has been dlssected to & deptn of 20C

feet along Lutts Creek wners tnc SCaTE bound $ng it to
: the east 1is highest. The depth of dissectlon decreases

58 the helght of the scarp detreases, &n tn issection

~ 3

of the pediliment 1€ clezrly rel (SR ¢ upilIl T Wl

n
(@}
ot

The gravel remrants on 1ine surfzce near Thomps

AT B R AT S, SO

4 and. Moore Creeks suggest that at least part Pt surfzce
\v -

¥ has been covered by a thin mantle of gravel. these

| .-

aress and not on those parts of tne surface immediately

Y IS VoK 0T RIS T SRR o

3 adjzcent to the streams where tne potential for removing
i the gravel cover is the greatest.
¥
5 It seems clesr that this peciment hes been exposed
£ only because of renewed feult movement on the boundary
i fault in tnis particular section. The exposition of-
i such & surface indicates that the mountain tlock has
moved relatively upwerd more rapidly than the valley 1is
: -
. being filled with detritus.
A Farther south, near Dawley Creek, renewed faulting
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PETROGRAPEY OF THF TERTIARY LAVAC
Miocene Lavas in the Viclnity of “the Ruly-Fast
Humbold £ Renge

The Tertiary lavas in the {mmed {£te vicinlily

Ruby-Fast Humbolét Renge call D€ {vide irit two Serd

¢

on structural and petrographic beses. Rhyolite LLOWS

are interbedded in tne Kiccene sedimentsS. indesitic

and basaltic flows overlie unconformebly tL€ Miocene
sediments.
£ ” N
The rhyolite flows are€ gray. to 1ight browh on T resi

]

fractures and weasther dark reddish trown. The ground=

'
e
—
v
J
-
b
(8]
A
-
M
-

mass in most specimens is ayhanitic, &ndc

vitreous crystals of feldspar and auartz are set 1in this
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white feldspar. No indicztions of flov alignment OT
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veinlets of finely cr stzlline cuartz, chzlcedony, and
Thin secticns of these rhyclites show that they are€
composed of rouncec crystals of cuartz and orthoclase
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