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GEOLOGY COF . .THE SOUTHWESTER PART
OF THE EL PASO MOUNTAINS
MOJAVE DESERT Y

INTRODUCTION.
The area described in thles report includes the extreme south

western portion of the E1 Paso range wh%ehhéies in the northern

R A/
Red Rock Canyon. The purpose of this report is to show the

areal geology and structural relations(e

/&ow/l:%ww
part of the Mojave desert and t&k¥a~%n~the area in an%gabout

\gxistiﬁéf"Those engaged
in this work were L.C. Hookway, Alex CIa;ﬁ ;nd the writer. Reg-
ular trips were made to the fleld during the acedemic year of ‘
1927 - 1928. Altogether about two months were spent in the’%Q;ian
- Previous Investigation.
Investigation in this reglion was first carried on in 1875
when G.K. Gilbert described the deposits of Red Rock Canyon in
The Geographlcal & Geological Explorations West of the 100th
lerldian. The next geologlst to visit and describve the sediments
here was H.W. Falrbanks. His results appear in Notes on the ggol—
Ogy'of eastern Callifornia, Am. Geol., vol. 17, pp 67 & 68, 1896
Q@igﬂlin 1911 C.L. Baker conducted a reconnaissance for the Dept.
of Paleontology of the University of California under the general
direction of J. C. Merriam. The results of his work appear in
the University of California Bulletin, dept. of Geol. vol. 6,
p 354 and vol. 7, pp 117 - 142, 1912.
Geography &‘Glimate.
Red Rock Canyon 1is sltuated about 30 miles northeast of the

town of lojave in the El Paso Mountalns. These mountains trend

about NO6SE and they extend for about twenty miles‘in thls direct-

' ion. They are’ the widest at their eastern extremmty, about six



. La - : . £ g f I
A m‘f-"”' Vighvr e v /?/’1597”(}‘{“# o’ oddvad

WW‘ S')‘JML /t/"/w, !‘“x

miles, and narrowest at Red Rock Canyon where 1t Ls scarcely a
mile wilde. The highest,peak is Black Mt. in the center of the

range which 1s over 5200 ft. high They represent a aubdued to-
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The foothillg of the Sierra Nevadaf lie to the north of tho wack,

pography in“rather mature atage of disection.

ilgtd

El Pasogﬁﬂﬁd are separated from them by a gentle debris slope. L4
Thils plain Blopes to the south and 1is much gentler than the south-
ern 510pe of the range which drops off rather steeply into Kane
dry lake basin. This basin is bounded on the south by the west—
ernléﬁient of the Rand mountains. The western portion of the

El Pasos rises to somewhat over a thousand feet above thls basin.
The south base of the range 1s rather stralght as compared with
the northern boundry whiech is very irregular.

The range is cut by two narrow canyons in the western part
which are at right angles to the main axis of the range.. Thédse
two cdnyons are<Red Roeck,cwhich lles gt the:extreme western end,
and Last Chance Gulch about four miles east of Red Roeck. Just
north of the maln crest of the range are several :E;igibgénysns.
The argest of these 1s Iron Gulch which runs along the4contact
between the basement and the sediments. These #ributaries have
excavated rather large flat basins in thelr lower parts where
they Join the upper end of Red Rock canyon.

Due to arid climate which exists in this regionftnere isﬂsel-

g
JW\;
/’dom/water in these washes. :@here arefseveral springs but their

\“_
flow is not sufficient to produce a running stream. - The reglon
1s subjected to cloud bursts in certain seasons and thils coupled
with the fact that the soll forming agencies are very much sub-

dued serves to keep the rock surfaces washed bare. The aredis



characterized by steep cliffs with less steep back slopes and
talus slopes. The vegetation is very sparce except around a few
water holes and consists mostly of clumps of desert sage and
cactus.

Field Work.

This region has previously been mapped by the U.5.3.5. and
appears on the Searles Lake Quadrangle but with a scale of four
miles to the lnch and a contour interval of 100 ft. Thils was
nuch toosmall to skow the geolozy on and it could not be suf-
flclently enlarged without makling 1t imposslble to locate points
accurately, so 1t was decided to make a new map. A scale of
2000 ft. to the inch and a contour interval of 25 ft was chosen
as the most sultable for this work. Thé instrunents used for
tals work were a small 18 by 24 inch plane table and a small
fifteen power K. & E. alidade. Two collapsable Lietz twelve
foot rods were also included 1in the equipment. Since there
were no existing control polnts iIn the area a base line had to
be determined. Thls was done by using a three mile tangent of t
the Southern Pacific Railroad which ran along the base of the
£l Pasos on the south side. A profile of the tangent was obtained
thru the courtesy of the Railroad and the bearing taken from that.
The mile posts along the rallroad were used as monuments. To de-
ternine the magnetic declinatlon the plane table was set up on
the tangent and oriented by back sight along the rail. Then a
point was located in line with the rall and off the track beyond
the curve about a quarter of a mile. The table was then set up
at thls point and the declination taken with the needle. For the
vertical control a bench mark one mile north of the town of

Cantll was used. In order to get accurate elevationsalong the



base line a line of levels was run from the bench mark to the
tangent a distance of about six miles. From this base line a
series of monuments were set along the crest of the range. 1In
all subsequent setups whlle doing tOpography the plane table was
orlented by the needle. The method of intersection was found to
be very useful in determining the 1ocation of high peaks thus |
saving the effor of climbing them. However, in a good deal of
the topographlc work it was found that the rod served the best
especlally in determining points of break in slope, polnts of
curvature, etc. The map submitted in this report is an enlarg-
ment of the fiéld 6opy. It represents a scale of 1000 ft. to
wetd flini.

the inch. if"waE“ﬁhought‘ﬁﬁﬁt‘té"ab thiByso that the geological

relations would @&gﬁi};; bettefﬁ ta £Uaifvé*”“-
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STRATIGRAPHY.

The rocks in this area may be divided into three classes, the
basement complex consisting ong}meﬁgaorphic series, the Rlcardo
land laid sediments of lower gliocene age and Quaternary and -
Recent Alluvium: The b;asementrgnmplex 18 exposed along the south-
ern part of the range and forﬁ; the main ridge. To the north of
this lles the Ricardo which extends almost to the foothills of
the Sierras where it is covered up by debris(/iope of alluvium i}
which has come off (03 the(ge) scarps. In the regi:or: ‘immediately
north of the basement the strike canyons have cut down deeply
revealing excellent exposures of the Rlcardo in strike ridges
and precipitious cliffs. The Riacrdo series is also found south
of the basement but the exposures are not very extensive. In
addition, Plelstocene and Recent caps are to be found in many
placee scattered thruout the area.

BASEMENT COMPLEX.

The oldest rocks that are to be found intthe basement consist
of quartzltes and quartzite conglomerates and have been consider-
ed as Paleozolec in age. Subsequent to the deposition of these
Paleozolcs they were intruded by a mass of hofnblend diorite por-
phyry. Overlying these paleozoics 18 a series of meta-rhyolite
intercalated with 0ld conglomerates and sandstones. The relation
of these rocks to the Paleozolcs 18 notcddeer but it may be saf-
ely assuned thaﬁ they are younger and probably represent a stage

) o /
of the Mesozaio{égﬁ.kbr all purposes considered in this report

they will be m‘i’a’gref’as such. e

About two and a half nilea east of Red Rock Canyon and in the

vicinity of Senic Canyon a totally different basement complex is
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encountered. Hdre‘QE§;;>is a large mass of granlite which con-

tains large phenocrysts of blotite. It extends from thils point

eas ‘is exposed over a very large area. Since it was out-

8lde of the area mapped it will not be dissussed further in

this report.

Quartzites & Quartzite Conglomerate.
The Quartzites were found exposed in one place just north of

<f2.. F. They arefg} dark grey to biack in color streaked with white.

The quartzite conglomerate 1s exposed extensively on the crest

and on the south flank hearq"N. The rock has a dark green matrix

with white pebbles which have been drawn out thru metamorphism.

The pebbles are all rather small, less than an inch in diameter,

and are well rounded. The matrix was probably a sand with a

falrly high content of ferromagnesium minerals which would ac-

count for the dark green color. It weathers to a dark reddish

brown which would seem to indlcate that there was some iron ox-

ide present.

Hornblend Diorite Porphyry.

The Paleozolcs are intruded by a large mass of hornblend
diorite pdrphyry with apophyses branching out from the main mass
The groﬁnd mase of the rock is aphanitic in appearance and dark
grey in color. The phyaoétyata are long narrow cfystals of
dark green hornblend attaining in some instances more than a
half an inch in length. In afdition there are also some greyish

phenocrysts of feldspar whilch have been determined as plagloclase.

Metarhyolite.
Over=1lying the Paleozolos and intimately assoclated with the

0ld conglomerates and sandstones 1s an altered intrusivé‘rhyollte.



Altho the relations in the basement are very obscure due to
crushing and weathering it seems logical to assume that the
rhyolite 1s intercalated with the o0ld sandstones and conglom-
erates. The matrix is a pale cream color and is highly sili-
lecified but phenocrysts of feldspar and orthoclase are still

to be recognized. It weathers to a reddish brown.

0ld Conglomerates & Sandstones.

Exposures of these sediments are to be found at the pouth
of Iron Gulech and along the walls of Red Rock Canyon. The
conglomerate has a buff colored matrix rather'h{shly sillic-
ifled so that it is practically impossible to determine the
constituents. The pebbles are small, about a half an 1n;§,
wellrrounded and consist of some baslic igneous rock. It is
of interest to note that in this conglomerate the rock always
breaks around the pebbles while in the quartzite conglomerate
the rock breaks across the bebbles.

The old sandstone was found only in one 1ocality at the
end of a low ridge of basement lylng across the mouth of Ir
Gulch. It is dark greenishiin color and contains é:igﬁ:gf}/W2&”£
micaeous material and is much less resistant than the con-

- glomerate.

Basalt Dilke.
A short distance up Bonanza Gulch a basalt dike 1s found
cutting thrutthe basement. It 1s very neargvertlcal and strikes
lnvapproximately a north south direétion. Another outerop of

this dike 18 to becseen on top of a hill justnnorth of this

et e .

point. It is black in color and 1s very dense and(gghanitié;}
N i P o e



It weathers to a dark brown on the surface. That this is an
intrusive dlke and not a tilted flow is seen by the massive
character and lack of veslcular structure, In one part of the

dike several esmall velns of milky quartz were found cutting it.

. RICARDO FORMATION.
”ﬁk;The Ricardo sediments are playa lake and fanglomerate deposits,
{eixiowér Plliocene age gg’indicated by the large vertebrate as- o
semblage collected from them during the past few years. They
extend from Iron Gulch north to the foothllls of the Sierrap -

and westward into Jawbone Canyon where they are cut uff by a Rl

"1, {’«m
qh«Mwwmw

fault running in a north south direction along the base of the j& Wit
mountains. They have a general north dip which diminishes 1nfémwvﬂwi
a northerly direction from about 20° near the basement contact
to about 6° near the top of the section. The strike of the beds
changes gradually from about N35°E to N10°W as the beds curve
around the end of the range. They are also exposed on the south
side of the/%ggzZint where they dip into the basement and flat-
ten out to the south. e
The Ricardo has been divided into twovi;ctions, the Lower and
the Upper.- The Lowercfﬁg¥ggf§a all those beds from the basement
up to and including the Iower lava, the ﬁ;ﬁggvincludes the rex-
maindey of the sectlon. The reason for this division will be
taken up latér. The minimum thickness of the serlies as determin-
ed by a traverse run northwest from Ricardo is 4765 feet. The
Lower Ricardo has a thickness of 1800 ft. along the section
line A-A (Plate I). See also PLATE II for & general section

of the Ricardo Series.



PLATE 1II

This shéws a typical section of the sertes
looking across the strike. In the foreground is
the basement, in the middle distance the Lower
Ricardo and the Lavas, above this the Upper
Rlcardo and on the skyline appear the snow cap-

- ped.Slerras. Red Rock Canyon cuts thrﬁ the base-

ment at the lower left.
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Basal Conglomerate.
The Basal Conglomerate of the Ricardo 1s exposed about a

quarter of a mile east of Hills cabin where 1t lles/up against

the Metarhyolite of the basement. A few other isolated pateh-
es of the conglomerate are exposed along the south wall of
Iron Gulech. The irregularity of these patches indicates a
very irregular surface of deposition. The dip is about 20° to
the north and the thickness waries from zero to a hundred feet.
The lMatrix s medium grained with angular fragments of stain-
ed quartz. It is greenlish gray to red according to the amount
of oxidatlon of the Iron 1n the cement. The small pebbles are
zngule? but the large boulders are rounded and conslst for the
most part of QarKJgrey to black quartzite. In addition there
are a large nunber of coarse grained granlte boulders which
show a2 large amount of quartz stalned red by iron.
Fg?ther west the typlcal basal conglomerate grades into a -
conglomeratic sandstone of a greenish greenish gray color.
The pebbles are subangular to rounded and consist for the most
part of basalt and andesite with some ash. They range in size
from about a quarter of an inch to six or eight inches in dia-
meter. The natrlx 1s medium greined and is composed of angular
pPleces of quartz and feldspar cemented with a fine argillaceous

naterizl.

Ash & Breccla.
conformably overiying this basal conglomerate 1s a bed of
ash about 25 Tt. thick. It 1is vei? fine and grey to white in

color.and is nearly pure except for-a few pebblesfscattered thru

it. This ash overlaps the basal conglomerate to the east and



lies directly on the basement. Here 1t has been altered to an
inpure bentonite. |
Next in sequence above the ash 1ls a reddish brown breccia

from fifty to seventy-five feet thick. gg first sight 1t looks
Iike a lave flow but on closer inspection 1t may be seen to be
composed of angular fragments of lava well ceménted with a fine
grained matrix of the same color.

Jtdo East @fygéé§>an in thevicinity of Last Chance Canyon this
ash and bréccia is very extensive and overlies a pink tuff

which 1s very simllar to that found in Red Rock Canyon but is

mueh lower stratigraphically.

Lower Ricardo Sandstones.

Excellent exposires of the sandstone series may be seen in
the upper part of Red Rock Canyon and in Iron Gulch.where they
form precipitious cliffs two and three hundred feet high. The
series is rather massive in appearance but some of the layers
are more resistant and form ledges. This serles consists mosf-
ly of arkosic sandstones with angular to subangular particles.
Feldspar predominatggwpnqgwqggpfg and blotite which seems to be
rather fresh. The massive beds are a grey color and epmtain
quite a lot of clayey material. Then there are thin nearly
white beds that have a high content of ash. The resistant
ledges are c;mposed of coarser materlial including some lava
and andesite and are of a brick red color. This coloration 1is
not uniform;@é)in some places 1t occurs as streaks. This is
probably due to some change in the conditions of deposition

‘such as an increased rate of oxidatlion of the iron and coﬁld

hardly be due to a subsequent deposition of coloring material.

Vi 2
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As ongtravels edst along the strlke(?f the bedsrin the direction

-*..__W-A syt

of Last Ghance Canyon the beds gradually become more and more
ashy until 1n Last Ghance Canyon the predominating constituent
is ash. The texture~also becomes finer. Théreaare about B0
feét of this sandstone series above the breccla and then there
is a bed of tuffaceous material. This is about seventy-five feet
thick. Above this the, sandstone again continues for about:n 650
feet and is éﬁéf?é%%"ag that below the tuff bed.

Y

Masslve Pink Tuff.

One of the mostcstriking features of the region is the pink
tuff bed which cgpé‘the sandstonescliffs along the strike ridg-
es. The matrix of this rock is & pink tuff and contains Inbed-
- ded in it angular‘pieces of white ash, andesite and basalt.
They vary 1in size from very small particles up to an inch or
moyre in oross section. The color &8 in general pink but in
some places it 1é a brick red and in others it has faded nearly
white. The dip slopes in some places show cracks which have a
pattern similar to mud cracke. It tends to weather in rounded

forms.

Basalt Flows.

There are two separate and distinct lava flows separated by
an~aBghy sandstone 175 ft. in thickness. This interval varies
snd bt e v
somewhat; in the westerﬁ i s around 50 ft. while over-towards
Last Chanc they almost join each other and then disappear.

The first flow has an averaggﬂﬁgickness af about 55 ft. al-

e ———————

- tho 1t thikcens considerably in a canyon directly noeth of
Hills cabin. Here 1t’ﬁzzﬁ:fzalumnar structure and is fronm
75 to 100 ft. thick. It ls very vesicular and the vesicles are



filled with quartz, chalcedony, opal and some calclte. A little
; - A

fart:ifjﬁggztalong the strike th ’%é”a bit) of scoriaﬂéﬁ

0

the (pottom of the flow. The rock is quite black and weathers

to a reddish brown. It is aphanitiec in appearance. Just east

of the highway in the vicinity of Ricardo the flrst flow 1s
missing for a short distance. On the west slde of the road it
agaln appears ::: contlnues for a short distance and then abrupt-

1y ends andtg%;gzggfgg?ﬁ‘ re) altho the upper flow continues (dni}

The upper rlow‘is somewha the same as the lower in composi-
tion but 1s much ﬁgiQZEr, spound 100 rt. It has, however, at
the bottom a very vesicular beﬁ which contains & great deal of
caleite. It may be that this represents a separate flow. There
18 reason to belleve that there has been four separate flows in
this series altho the time between them was so short that (there)
@no soll developed. This aeriea is cont.inuous, that is, it

may be traced along the strike with/dt ntervals where 1t is

wmjg éé 'J T

RN,

, Upper Ricardo ,
The beds above the lava flows werdcgz;/mapped as one unit

because they areﬁall ﬁery nmuch the same 1 omposition. The
ashy bed between the two basalt flows 15 1nc1uded‘ﬁ&%h*$h*s

It is a grey massive sandstone containiqga.high pereentage of
ash which inc¢reasessas one proceedeés along the strike to the
east.
A »
The beds just above the basalt are very similar to those
: 4 L

below except that they are more arkoslc and contain some cherty
layers and some pesistant sandstone reefs. It Egg @88y to

‘determine the top of the section on account of the thick mantle
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of alluvium. However, the dlp is here very small ao that 1t p&i@mm
would not make very much difference if t is ere not quite tge

top of the section. The thickness as determined%by a traverse

was about 2600 ft. The ‘sahd stone reefs ﬁﬁgmgrtrather high(§§)

in tbe sectignvaga are composed of hard arkosic conglomeratic ”‘%Q@%Q
sandstong;. They consist mostly of angular to subangular part-

icles of feldspar, quartz and lava . About two,miles northwest

of Ricardd £ﬁ§£§:1525§§§§§§§§3 color chanéé?%ﬁgé brown to light

grey. The brown beds are somewhat more ilndurated then the grey

ones. The contact dips to the north at a small angle. The dip

appears to be the Bame 1n both beds altho the areal relations

suggest an unconformity.

QUATERNARY & RECENT ALLUVIUM.

. The quaternary older alluvium occurs as amall _caps. reating

e g s e

\places and lle at different levels. They aretﬁ)yelloish brown
masslve beds and contain a varlegated mixture of feldspar, lava,
felsite, quartzite, cherts, etc. For the most part they rest
uncbnformably on the Ricardo‘except in one instance in the vi-
cinity of Bonanza Gulch where it is found 1l¥ing on the basement.

The Recent alluvium is represehted by the material brotgat
dawhcby the washes and deposited in their basins in Iron Gulch
and Red Rock Canyon. It 1s unconsolidated and of a sandy nature

and contains a heterogenous mlxture of pebbles and boulders.
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STRUCTURE .

The structural relations in this region have been brouoht

,,,,,,,,,,,,,,,,,, L p
place to some extent/too. The El1 Pasog’ present~on their ./

south flank a remarkably straight base line from which the
slopes rise up gteeply. This is in direct conteast to their
northern boundry which is irregular and has less steep slopes.
The south face is undoubtedly a fault scarp.wh&ethas been
produced thru movement on the Garlock Fault which runs along
the base. Here the Ricardo gsediments are found dfggfﬁg¢i;to
the basement{“”é; the north flank of the’ gg;;;Znt the basal
conglomerate ofphe Ricardo 1s found 1lyling unconformably on the
basement . mhé%fstrikeeN 35° E and dip 20° to the north.and -
éi%end from here to the foothills of the Sierras. The dip
gradually decreasesiftcmﬁbgre northward till it is only about

6°. The thlckness of the Ricardo represented here is 4765 .

“““ Tty A
(LS 1%

ESWErds tae basement/showin@ a .changes fron N 35° E to N 10° w.
At the end of the range the sediment° to the n&g%hfjgin those
%o~ the south and extend west to Jaw Bone Canyon where they are
cut off by a north south fault. The Garlock fault dips to

the south about 85° and in the vicinity of Red Rock Canyon
strikes N 75° E. West of the mouth of the canyon it disap-
pears into the Ricardo and all efforts to tbace it were of

no avail. It was thought that it might be traced into the
Cameron fault or the Jaw Bone fault. It may be that the

Garlock fault does not connect up'with eltiher of these but

"~ 1s a hinge fault wlth its fulecrum just west of the end of the

range. This seems to be born out by the fact that the strike

14
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of t.hﬁf’éediments curves around the end of the range. This,
to@ mind, indicates a decreasing amount of xertical move-
ment and hence a dying out of the fault. However, this

same relation might be brought about thru a horizontal move-
ment and in support of this let me state ¢hat there i b
factor, (whi6h cafnot be Whollyndscounted fory It is thie.

‘‘‘‘‘‘‘‘‘ S, - »

e o
e it s aem e S T

On the south side of the range and about midway between Red

" Rock canyon and Last Chance canyon ther’are two small lava
knolls. Also about three quarters of a mile to the west of
these there is another patech of lava and about a mile to the
east there 1s a third patch. hese latter two patches —
are different in character than the first mentioned. In
general they conslst of well rounded boulders of vesicular
lava very similar to that found in the upper series north

of the range. Intermixed with théseclava ie a quantity of
‘matdrial from the Ricardo abovethe first lava flow,aadso
well rounded. Hence this material might well represent
detrit‘a‘f from the t.’bp of the range as it was being uplifted
and eroded. But the first mentioned lava knolls cannot be
explained in this manner. Here we have an occurrence of
large angular lava boulders which are very dense in char-
acter. No other kinds of rock ocgured mixed in with it.
Furthermore some of it Mﬁch like it Ej)ln
place. @ all in @t% all the appearances of a
remnant of a flow. ﬁow there;@ﬁwo s»olutm%@?ﬂ)pmsent

e ——— g

themselves €47 this problems~ First, to the east Of here) 1

the vicinity of Garlock Gherd\is a lava flow dpparently fron

Black mountain which comes down over the south side of the

15
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range and which thru horlzontal movement could account for
this occureence near Red Rock canyon. But this would require
a horizontal movement of ten miles. The second solution
vaiéb“presentgm;ffézfﬁiS that this is part of first lava
series which 18 emposed north of the range and to which it

is very similar especlally in the region northwest of Hills
cabin where it has a columnar structure (PlateVI). If this
1s the case 1t would give a clue to the vertical movement on
the fault. Calculations on thls basis give a net result of
5100 ft. for the vertical movement at this point. Now be-
fore goling any farther let me say that there ls an exposure
of the Ricardo pink tuff south of the range just east of the
mouth of Red Rock canyon which also permits of the calculation
of the vertlcal movement on the fault. Here the tuff has

position
been dragged up and 18 in almost a vertical,lying against the

fault plane, (see(Plate IX Fig. 12 and structure section B-B
Plate I;) Assuming that thls bed has been dragged up not more
than 200 ft. calculations give a displacement of 4100 ft.
This, then 1s direct evidence for the hypothysis first set
forth that they displacement decreases to the west. Unfor-
tunately this argument cannot be stressed topgreatly because
there is not sufficient evidence in support of the relations
suggested for the lava knolls. In order toyelearly under-

stand the rel&tions here more detalled work will have to be
déne. In regard to the dlsplacement, however, the value of
4100'ft. may be assmmed to be correct for this point because

the structural relations are quite clear here.

There are no other major faults in the area but a number of



small faults exist in the Récardo on the north side of Iron
Gulech near its mouth. Fig. 14, Plate IX shows one of the
largest of these, the displacement 1s about 55 ft. There

are a number of others in this vicinity with displacements
rangling down tobthree feet. They may be due to unequal set-
tling or to the fact that the strike of the beds 1ls chang-
ing most rapidly at this point. A small spring was found at
the base of the largest one.

One of the HMost striking unconformities of the area le
between the first lava flow and the Ricardo series above 1t.
Just weet of Ricardo the first lava flow 1e missing entlirely
for ashort distance,{pee Fig. 3 Plate V:) To the west of the
Highway the first flow again appears and contlnues for acshort
distance and then again disappears and is not seeneaéywhore -
altho the second flow contlnues on unintefrupted. This could
be explained By a perlod of erosion subsequent to the out-
ﬁouring of the first flow. In thils r@%@fd:ﬁﬁﬁx&t geems pecul-
iggfﬁgié 80 much material wag removed in one or two places
without affecting the region as a whole. Another explanation
i1s that the the lava flowed out into a hill and valley topog-
raphy and the first flow seen in Fig. 3 is just & flnger
of the flow extending into a small Yﬁjli£AEXiSt*ns at that
tine. In support of the erﬁosion oeribdﬁis the fact that -
there is a difference in the fossil dogs between those found
belowy the first flow and those occurring above it. In ad-
dition to this there is a petrified forest horizon in Last
Chance Canyon which corresponds stratigraphically with the

first flow. This would indicate a period of quliessence.
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It was for these reasons that the Ricardo lying above this
point was mapped as a separate unit, the Upper Ricardo.
Slumping has occured in this area in quite a few places on
both large and small scales. In Iron Gulch there are two or
. three small ones that have ocemred in the Pink Tuff bed
and the sandstSnes directly underlying it. One of the best
developed ones lies directly across the @ulch and a little
north érj%illé cabin. This has a topographic expression
which may be readily seen on the map. In addltion to these
there 1s a large slump which starts at the expreme northern :
part of the map in the first lava flow and extends fronm
here north. SeéefPlate X Fig 152&-k6.:At. .firsdiituwéds thot
that thie was another lava flow below the first one. On
closer examination, however 1t was found to be a slump on
a large scale. The sequence of beds was carefully gone over
in this area and the series below the top of the slump was
found to be the same as that below the first flow above 1it.
One of the best evidences for this slump 1s the fact that
the Pink Tuff bed is abruptly c%z(off by it. and appears
again farther down the slope. Angiﬁggiéggd evidence is
that the Ricardo outcrops on the dip slope as seen in Fig.
15. Fig. 16 showe the face of this slump. It 1s about a
nile in extent. V)
The Pleistoéggéfﬁi?gﬁ Ooccur in the are are very interest-
ing in the way in whieh they cap the Rlcardo. Fig. 8 Plate

VII showe a very striking example of this.



PHYSIOGRAPHY .

This reglion presents some very striking topograpgy; ﬁT£e
main part of the range composed of the basement complex pre-
sents a very straight trend with a fault scarp on the south.
It is even crested and gradually increases in altitude to-
wards the east. To the north of this ridge lie a serlies of
strike ridges which have been developed in the sediments.

A

Prominent among these strike ridges are Lhdse which are cap-

ped by the Pink Tuff and the lava series. Plate II glves
a rather typical sectlon of the country. Fig. 20 Plate XII
shbws the back slopes of some of the strike ridges of Pink
Tuff .

The range is cut transversely by twoe canyons, Last Chance

and Red Rock,an@:%he relative straightness &4f thelr courses -

would seem to indicate that they were antecedent to the uplift

of the range. Theiwallsiof these:-canyonscare very steep and

in Red Rock Ganyon the stream has cut down about 800 ft.(Plate )
Last Chance Canyon is much narrower and morctortous and hae

cut down thru a greater depth than Red Roeck. UNorth of the
basement the streams are for the most part gara}lel to the

A grianddebs
strike ridges. There are excegtians to this %@6' For instane

S #ys -
8, a8 strean just b&ak of the first

apparently no reason %hateverigb«tu”ns
and cuts directly across the 13va‘ridg%;

Fig. 22

Sl
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and cuts across the tuff ridge and egpties into Iron Gulch.
Anéther siream which has-a complicated course 1s the one
which has carved Last Chance Canyon. This turns and itwlets
whithout é&ny)rhyme or reason altho I think that for the most
part it felicws%giégg;the bagement contact until it cuts
across the range.

These streams all empty’into Kane Dry Lake Basin which is
a struztual depression lying between the uUplifted E1 Pasos
1o the north and the Rand Mountains to the south. (PLATE XI)
There are a few éanyons which cut baek into the south face
of the range but as yet have made little progrese and have
very steep grades.

The Pleistocene caps lying at various levels indicate

o g
periodiec movement on the Garlock Fault-2nd the alluvium

just to the east of the entrance to Red Rock Canyon would

seem to indicate fairly recent movement.

HISTORICAL.

The oldes rocks in the ares& are the Paleozolce in t he
basement complex. The sequence of of events is: First depo-
sition of the paleozolies with subsequent intrusion of the
diorite. Following this there was uplift and a period of
erosion. Then subsidence and deposition of the Mesozolec sed-
iments. Subsequent to this there was metmmorphism uplift and
erosion. The aresa was then again depressed and high lying .

areas surrounding it sked material which formed the Lower

L el

Ricardo deposits in.%erti%r time. In the latter part of

this period there was an extrusion of lava. Followed then



&
a period of quiessence and erfosion but without deformation.

The ashy bedﬁ of sandstone bewteen the lavas was next laid

down and then thsre waEAa second perlod of extrusion. follow%kﬁ

A LA." 4

#hich the remainder of the Upper Ricardo was deposited.
Subsequently the region was uplifted and t}lted and the

Q,Aggfu‘. WMM ﬁ A,

5

priocess of erfosion-és now going on, The topography rep-

 ,
resente a stage of early maturity. 7%“’5%ﬁ¢/&idj#6l ’/35”””* i

Bpateoil priad |
The source of the Riaw?do deposits was probably 9££~e§~

' some adjacent high lylngA and mass(}? the Tertiary. The s

tranSportgiisn could -not-have -been very far because the part-
icles are all gggg;gg} The rate of deposition must have been
rather rapid because the sandstones are all very arkoslc.

In the Paleonﬁological time scale the Ricardo represents

lower Pliocene and slightly younger than the Barstow.

ECONOMIC GEOLOGY.
In the latter part of the nlneteenth century gold was dis-
v o
covered in the )revelsmpext'tp the basement. It has been

cEa s g B LA S
taken out in vwniouswamountsffgafat various times up to the

present. - *;wwau

The Cudahy Co.(isxat present takihg ou€ material from a
bed of ash in Last Chance Canyon and are using it to make a
cleaning compound.

Various companies have from time to time undertaken to
mine the salt deposit in Kane Dry Lake but without/s\yery“f
great\amount of success. |

Agriculture is practically imposible due to the limited
rain fall in this reason. Altho with irregation sone farmers

have obtalned fair results.

b e T e Y e
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PLATE 1III

Fig. 1
Exposure of Lower Ricardo in Iron Guleh. Lava Ridge

on the skyline.

‘ Fig. 2.

Exposure of Lower Ricardo sandstone,UIron Gulch.



PLATE IV

Typleal exposure of Lower Ricardo Sandstone

capped by pink tuff bed.



PLATE V

Fig. 3.

Fig. 5.

Fig. 4.




Vi

PLATE

.

-

Sectlon showing Lower and Upper Lava series

g flow.

r Lav

8

s

n Loy

ure i1

ar struct

Colunmn



PLATE VII

Flg. 7

Pleistocene cap on Ricardo at Mouth of Red Rock Canyon
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PLATE VIII

Fig. 10
Red Rock Canyon looking north thru the basement

Red Roek Canyon looking south from The mouth

of Iron Gulch



Fig. 13




PLATE X

8lumping in ashy sandstone beds in Last Chance Canyon



PLATE XI

Fig. 18

Kane Dry Lake Basin south of the Range.

Fig. 19

Salt deposit in Kane Dry Lake, south face

of E1 Paso Range In the background



PLATE XII

?ig. 20

Iron Guleh, north face of El Pasog ln background

Strike ridges of Ricardo capped with Pink Tuff

Striking eryosion form prevalent in thie region
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Fig. 1. Outline map illustrating occurrences of Miocene and Pliocene mammal
faunas in Tertiary provinces of the United States west of the Wasatch Range.
B; Barstow beds; Re, Ricardo beds; C, Chanae formation; ET, Etchegoin-Tulare
beds and Merychippus zone; Or, Orinda beds; E, Esmeralda beds; CM, Cedar
Mountain beds; T, Truckee beds; MK, McKnight Miocene; V-T, Virgin Valley
and Thousand Creek beds; I, Idaho beds; Ir, Ironside Pliocene; Rt, Rattlesnake
Pliocene and Mascall Miocene; El, Ellensburg formation.



