looking northwest at Mopument Pesk, & spire of Cepper
Bagin volcanic rock. Tote the steep miner foult at
he base of the snire.
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PHEFACE

The original aim of my resesrch in the field
of structural geology was to study the phenomena of
low angle thrust faults. In order to lessen the degree
of speculation usually practiced in the study of such a
problem, I wes led to seareh for an srea where a low
angle thrust fault might be exposed. 4in arez where
voth the over-fiding and the over-ridden block would be
well exposed might afford detalled examinstion of the
structursl features and also lesd to conclusions which
would put more reslity than imsginstion into the con-
sideration of buried or partislly revealed low angle
thrusts. The scilentific urge of such a study is evi-
dent. Added to this wes an economic motive derived
from previous work in the disturbed belt of southwest~
ern alberts, where the misinterpretation of thrust
fault phenomens hes led to the loss of millions of
dollars in the search for oil. However, like many
pieces of research, no matter how strong the appeal is
to follow slong a certain preconceived line, the pri-
mary purpose is forgotten for the time being, when,
after preliminary work, another problem equslly en-
trancing discloses 1tself. oSuch is the case with thé
problem here to be presented.

In nis several resports to the ietropclitan

hater District on the geology of the aqueduct line

ii
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through the W“hipple ﬁountains, the late Dr. F. L.
Ransome expressed the belief thet there existed in
these mountains & fault with younger sediments thrust
over a basement of older metamorphic rocks. From his
reports it appearsd that the %hipple Mountains would
be an ideal locality for the study of thrusting. In
the censideration of the zone of thrustis extending
from the Lewis Nountains in aAlberts to the Muddy Moun-
tains in southwestern Nevada, slready mapped by seversl
workers, the ares is of importance. 4 thrust fault in
the ®hipple Hountains would throw light not only on
this type of structure as suech, but would slso contri-
bute to the Ra¢ky Mountain and Basin Range problems.
Ransome expressed doubt in his interpretation, for he
had found certain contradicting and perplexing rela-
tionships. However, in spite of his'éoubt, it was not
without considerable sdditional field work that it was
concluded that thrust faulting has not occurred in the
Whipple Mountain area. On the contrary it was found
that the faults in the srea are of the normel type,
with the most obvious block fsults in the interior of
the renge having & airectlional consistency compatable
with the so-called Basin-Range type.

On first considerstion special struetural
studies in the Basin Range province might be presumed

to be an attempt to revive a desd issue. However, an



examination of the litersture on this problem will re-
veal few Instances where individual ranges have been
studied in detail, most workers treating the province
as & whole and the ranges generslly. The southern
1imit cof the Baslin RHange Province is not definite, and
the ¥hipple Mountains might be considered by some to
be outside of the type srez. Inasmuch as the fault
bloek structure within the rangs supggested Basin Renge
affilistion, the problem was approached from this angle.

Since the peried of national surveys in the
west there has existed s controversial attitude toward
the structural interpretation of the Basin Ranges, al-
thmugh the ma jority of published opinions is more or
less in accord with the concept of Gilbert.l In 1873
Gilbert first brought out the ides that there existed
in western smerice mountain ranges "formed by the tilt-
ing or relative &plif?_sf grest bleocks of the esrth's
cerust, scting as comparatively rigid masses, with sub-
ordinate or no flexing or folding of the strata."g

The early workers in the Basin Range region
interpreted the structure of the mountsins, not from

the HMesozole or older beds, but rather from the rela-

ticuships ¢f the Cenozolic, which they were convinced

1. Gilbert, G. XK., U, 5. Geographicel Eurvey Vest of
the 100th Meridisn. Wheeler Survey, Vol., 111,
g}}} r 21“%3 »

2. lLouderback, G. D., Basin Range Structure of the
Humboldt Region. Bulletin, G. &. 4., Vol. 15,
p. 2863, 1204,



indicated & predominasnce of faulting, with folding

a minor and local phenomenon. They also recognized
compression and folding in the older rocks, Whiah de-
formation had produced an extensive system of great
ranges at the end of Jurassic time. That this fold-
ing had had little control over the present topo-
graphic appesrance or broad structursl aspect of the
Basin Ranges is indicated by the cobservation that af-
ter the close of Jursssic time there was & loung period
of denudstion during which time the district furnished
& great body of sediment to Cretaceous seas farther
east. The region was eroded to & surface of subdued
relief -~ possibly a peneplsin, over lsrge sreas =--
ﬁntil Tertiary time when & sedimentary series, con-
sisting main;y of lava ard tuffs, Tanglomerates and
lake deposits were generslly deposited. (4 definlte
agreement of the time of the inception eand durstion
of block faulting has not been reached, but probably
the normsl faulting has been zoing on since late Ter-
tisry to the present.)] In late Tertiary a pericd of
deformation by fracturing started which continued
through the Pleistocene and until the present in some
localitieg, This regional orogeny has resulted in
what has been recognized by most geologists as "Hagin
Range structure", though Davis proposed "fault-block

structure,”™ Gilbert modestly or cautlously conceded



Bavis‘s term as the safer in view of the possibility
of subseguent field work proving the Baslin Ganges

not due to famult block structure. Russeli supmarized
the Basin Bange type: "They sre long nerrow ridges,
naua;ly bearing; north and south, steep upon one side
where broken edges of the composing beds are exposed,
but sloping on the other with & gentle angle cone-
formsble to the dip of the strata., They have been
formed by the orographic tilting of bloeks that are
separated by grsfcund faults, and they do not exhibit
the ﬁntiélinal and syneiinal structures commonly ob-
served_in mountains butl are monoclinal instesd.”™ In
an effort to give cfeﬁit to the men who Tirst pre-
sente&rtha major events leading to the development of
the DBesin Ranges, Davis was wont to epltomize their
history in this nmanner: "The raising of the Hing
Mountalns by Folding snd conpression in post-Jursssic
time, which mounisins were nesarly peneplained to form
the Fowell surfasce, and the reglon broken to form the
Gilbert blocks.” That thils ststement is far oo
simple for such & complex and vast geologic province
is recognized, btut esssentially it sums up the concen-

sus of opinion.

1. Russel, I. C., Geologic History of lLake lLahontan.
U.5.G,5,. monograph 11, p. &,
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Gilbert's original concept of the Basin
Ranges was accepted in the mein by most geologists
and stood without férm&l challenge until 1301 when
Spurrl refused to accept the fault block theory.
Spurr's paper is typical of many that have been
written on the Basin Hanges, presenting ideas rather
than facts end based on generalities rather than om
detail., Attempting to refute Gilbert's theory he
postulates the view that erosion and folding are the
controlling factors in the development of the desert
mountains and basins., 1In spite of Spurr's atiempt to
‘foster new ideas on this controversisl subject, he
made little progress toward its solution. From time
to time sinmee other suthors have presente& additional
papers on this pravince; all adding to the bulk of
literature, many only contributing ideas for the de-
tailed worker to consider in his individual problem.

Ingsofar as the Basin~Hange problem is con-
cerned, it is the writer's opinion thst the need is
for more detailed work on the individusl rsnges in
hope that sctual evidence can bhe brought to light to
support a generalization. One might feel submerged
in tediously working an isola%ed pilece of geology,

but in doing it well the resulis may then be con-

i. Spurr, J. E., Origin and structure of the Basin
Hanges. Bulletin, G.S.4., Yol, 12, pp. 217-270.
1s8€1. :
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sidered with confidence by 2 subssguent worker in
studying the provincisl problem. The compiled re-
sults may eventually be tied together in support of
a logiesal conclusion ahd esch geologist can feel
that 2 worthy contribution has been made. Laﬁgwell'sl
paper on the Muddy Mountains is such & paper. After
8 detailed study of the mountzins he broaches the
Basin Range problem by stating: "In this part of
the Basin and Bange province, therefore, there is a
definite 'hasin~range structure® superimposed on an
earlier "Avnpalschisn strueture' of thrusts snd folds.
Strong influence of the earlier structure lines is
seen in details of the present topogrsphy, and ero-
sion has modified greatly the effeect of the 'basin-
?angs‘ faults. Iievertheless, highlmnd and inter-
montane valleys owe their location and general form
in large part to normal fasulting.”

The geology of the Whipple ¥Mountains has
been studied in order to determine their origin and
to disclose any structural affinities to other re-
glons. Certain geologlice provinces have been
established by earlier reconnaissance surveys, and

attempts have been made 1o generalize on the struc-

1. Longwell, Chester H., Geology of the Muddy Houn~
tains, Nevada, U.S.G.5, Bul. 788, 1928,



tural types of esch province. 1f the results ob-
tained in this area can be used as a criterion, I
would be of the opinion that it is impossible to
generalize on the struciure of an sres so far flung
as the Hesin Range Province, especially when it is
impossible ﬁa obtain dats in the basin paris of the

province.
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4BSTRACT

The rocks of the Whipple Mountains include
a bssement complex of pre-Cambrian age overléin by
middle Tertiary voleanics and sedimentéry. These are
unconformably overlain by flat-lying Pleistocene and
recent beds. The broad structural feature of the
mountains is a fasulted dome, elongasted roughly east-
west. The dome is outlined on the north and north-
east flanks by an arcuate fault which dips away from
the mountains. The northeast area of the mountains
- is broken into southwest-tilted blocks, bounded by
northeast~dipping normal faults, roughly parallel‘tc
the southeast-trending poriion of the arcuate fault.
The block faulting is not of the orthodox basin range
type, but is considered to be closely associated with
the doming. There is no evidence of large compressional
forces, and these mountains are believed 1o belong to
the belt of transverse ranges of suthern Cslifornia,
The ma jor faulis sre presumed to have been activevin
post and pre-iMiocene times. There is no evidencs of
recent fault activity and volcanics and sediments pre-~

sumably of wuabernary age are not cut by the faults.
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IRTRODUCTION

Loeation and Access

The %whipple Nountsins are in the south-
sastern corner of Sgn Bernardino County in south-
eastern California immediately west of the Colorado
River. This stream forms the Californis~iArizona
state boundary line al this locality. The position
of the mountains is shown on the index map (Map 1).

The district is about 300 miles sast of
Los angeles, and is most easily resched over U. S.
Highway Number 70 to lesert Center end thence over
the Metropolitaen Water Distriet's paved road to Parker
Dam. 1t also can be reached by graveled state road
from Needles which lies approximately 40 miles north
of the mountains. The Santa Fe Hallroad also serves
the area via the Parker cut-off. Before the begin-
ning of construction of the Parker Dam and the Colo~
rado River iscgueduct by the Metropolitan Water District
the only town was Parker just south of the mountains
on the aArizona side of the Colorado Hiver. Since the
commencement of the agueduct and dam construction,
however, nmushroom seitlements have sprung up in addi-
tion to the construction camps. UMost of the groups
are situsted along the Colorado River on the eastern
fringe of the mountains. These include Parker Dam

whieh is reslly the construction city containing

3



construction company snd government buildings, Cross
Rosds which is a squalid but ingenious settlement of
asgueduct workers and hangerson, and Barp which is an
enlarged auto-camp and rallroasd siding. OGeattered
between these groups and farther west along the ague-
duct are shacks, make-shift houses, camps, stores,
saloons, gas stations; and honkey tonks appearing like
one prolonged hobog jungle. In spite of the temporary
and uninviting charsecter of the colony, supplies are
available st many places.
Seope

The United States Ceological Survey has made
a topographic map of the ares apd its Parker hest
covers the Whipple Mountains. The seale of this msp
is 1:7126,000 but in using this as & field map it was
enlarged two and a helf times. The area studied in
connection with this work was that portion of the
Parxer Sheet west of the Colorado Hiver and embraces
approximately 285 square miles. The Tield work was
done during two field seasons: the first, from Jasnuary
until the middle of June 1935, and the second from
January until May 1936, with about two-thirds of this
time actually in the field. As the settlements and
the construction camps are located only on ®astern
and sautﬁern torders of the mountains, work in the

inner portions and the other borders necessitated dry



camping. VWater was available at the settlements, at
one spring nesr Bhipple ¥Wash, and at West %¥ell. 4l-
though other springs are noted on the topogrsphic
map, these were f@&ﬁé t0 be dry.

fravel within the mountains is facilitated
by various consiruection roads andéd by poor but for
the most part passable trails used by prospectors
who have futilely explored the range for mineral
wealth through several decades. In spite of the meny
roads there is a large portion which esn be examined
only on foot, anﬁ camps were placed so that no pack-
ing wsas necessary.
¥ining

Although there are a number of prospectors
still working in the Whipple Nounteins and the ares
has been explored during seversl decades, no encourag-
ing results bave materislized. There are many pros-
pect workings and = few abandoned locations where
there is evidence of considerable capital expenditure,
but & paying mine has never been develeoped. Iining
in the Whipple Mountains has had a poor past, & worse
preseﬂt, and, in the writer's opinion, little chance

for future suscess.

Climate and Vepetation
The climate and the flora and fauns of the

Wnipple Mountains srea ares not unlike that of the



Pigure 2

Pypical topography and desert flora in Copper Bagin



Hohave Desert region (Figs. 1 and 2). These subjects
have been treated gquite fully by Thcmpson.l His
general statement of the climate is: "The climate

of the lohave desert region is characterized by
slight annual precipitation [Iess than five inches
he:gz low humidity, comparatively high temperstures
in both summer and winter, great dally rsnges in
temperature, and strong winds at certain seasons of
the year." Vegetation of the desert type iz seldom
80 dense &8 to create an obstacle to field work, and
only in some of the washes and along the Colorado
River is the water taeble high enough to support much
growth., For the most part the individual plznts are
widely spasced and the foliasge is reduced to a mini-~
mum. The gravel covered bench lands and the mountein
slopes support mostly ereosote bush and several va-
rietles of cmsetus including prickly pear, barrel, the
~sahuaro, ocotillo, and chollsa, while the large ar-
royos contain sparse growths of palo verde, ironwood,
cat's claw, and mesguite.

Previous Work

There are some vague references in the early

exploratlion reconnalisssnce works to the existence of

1. Thompson, L. G., The Mohave Desert region, California.
U.5.6.8, #ater Supply Paper #578, pp. 41-%5. 1929.



metamorphic rocks and Tertiary lavas but otherwise
the writer knows of only one short reference to the
geology of the whipple idountains. This is in &
United States Geological Survey bulletin in which
Jonesl gives a conelse genersl statement of the
geography and geology. Ransome worked the geology
of a strip about two miles wide along the agueduct
line through the mountains and his results were in-
corporsted in reports to the letropolitan Water
District.

Acknowledeements
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guidance of Dr. John P. Buwalda, Chairman of the
Division of Geological Sciences at the Czlifornis
Institute of Technology. His suggestions and con-
tinued interest are acknowledged. Other members of
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ing work in the field.

1. Jones, E. L., Deposits of manganese ore in south~
eastern California. U.S.G.S5. Bulletin #710,



TOPOGRAPHY

The Whipple Mountains occupy an area of
some 200 square miles inside & great bend in the
Colorado River., They drain to the north, esst and
south to the Colorado RHiver, and for the most part
the streams have deposited large sreas of fanglo-
mergtes and gravels on the flanks of the mountains,
although in places the mountains actuslly reach the
river. This latter is true on the northeast apnd east.
Relief

The maximum elevation is 4110 feet above
sea level, the highest polint being ahout five nmiles
east of the western border of the Parker sheet just
ﬁorthraf the eagt-west center line, The Colorado
River averages about 390 feet sbove the sea in this
‘area, being 418 feet in elevation at Pittsburg Flat
and 3735 Teet about two miles north of Parker. The
maximum hypsometric difference is about 3700 feet.

The Whipple Hountains have two distinct
.types of topogrsphy: that ﬁevelayeé in the area of
the basement complex, mainly in the western half of
the mountains, and that developed in the area dominated

by the Tertiary volesnics and sediments.

Basement Complex Ares
The whole mountain mass is intricately and

deeply dissected by many arroyos and washes, but the
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area of basement complex appears to be more disordered
than elsewhere. There are few flat areas and the
ridge~-tops are sharp with little arrangement. However,
in the extreme western part nesr Chambers Well the
ridges and arroyos have & general northwest-southeast
direction suggesting a structural control. (Plate 5.)
The main bulk of the basement complex comprises s
broad irregular ridge steep~sided to the northwest

and more gradual to the southeast, running in an east-
northeast direction from about Chambers Well to near
the Colorado River at little Chemehuevi Valley. This
master ridge reaches its high point, which is also the
maximum elevation in the mountains, sabout six miles
northeast of Chambers Well. The northeast escarpment
is deeply incised with many steep arroyos which drain
northwesterly, but those to the sast of 4110 peak turn
rather suddenly to flow northeastward to the Colorado
River. On the southeast slope the drainage pattern
appears to be less consistent for the arroyos and
washes radiaste from the Whipplc Pesk area toward the
Colorasde River. Iven though this is a generally
gradual slope the arroyocs asnd washes have cut deepdy
into the bedrock giving the area a very rugged and
steep surface. (Plate 3.}

Tertiary Covered Ares

The area in the eastern half of the mountains



11

where the later volcanics and sediments overlie the
pasement Gomplex is dominated by northwest-south-
east ridges of upturned beds separated by like
trending basin-like depressions and washes. {Plates
8 and 9. Toward the centrzl ares where the vol-
canicg predominate there are flat or gently sloping
topped prgmontories as well as castellated and
spirelike forms. (Plates 5, 6, 7, 8, 9 and 11.);
Monument Peak, 2446 feet in elevation, is the larg-
est and most conspicucus of these spires and has
been used as a well known landmark and point of
reference for many years. {(Frontispiece and Fig. 19.}
There is s decided structursl control of the topo-
graphy in this sector, and the drainage has 8 vague
rectilinear pattern on this account.

North Hills

Northwest of the main mountsin mass and
separated from it by a roughly easst-west depression
is a small group of hills about ten sguare miles in
srea which show a topographic grain similsr to that
of the area covered by Tertiasry formstions. although
they are of lower elevation they sre just as rugged
and intricately dissected as any part of the Whipple
Wountains., They are composed of a confused associa-
tion of bBasement Complex and Tertisry rocks, mostly

voleanics. The northwest-southeast structursl control
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is not zs evident hére as in the Copper basin and
Gene Basin areas.
West Hills

Still farther west and separated from the
last mentioned hills by five miles of alluviated
area, is a small group of hills covering sbout three
square miles. These hills are composed of Tertiary
rhyolitic lavas. They are well dissected and the
topogranhy appears to be the result of differential
erposion with 1little structural control. Their iso-
lation has mede it difficult to correlate them topo-
graphieally, sitructurslly, or stratigraphieally with
the rest of the Whipple .ountains. These hills are
surrounded by alluvial msterial, patches of which
ocecur relatively high on the slopes, and inasmuch as
all the drainage is northeastward toward thé Colo~
rado River it seems likely that these hills were at
least partislly exhumed and dissected subseguent to
the rejuvenation of the drainage,

Alluvisl Plains

¥lanking the Whipple Mountains to the
northwest, between the bedrock and the outliers, is
a lerge asrea of outwash material. This area is 1t-
self theroughly cut up by box~like canyons and large
washes with broad interstream ridges, covered with

" desert pavement. As the river is approsched the
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présent washes become deeper and thelir beds wider.
Hlere the outwash material merges sometimes into
river gravels? but both phases of slluvial msterial
unconformably overlie horizontal lake beds. In this
sres several terrsces c¢an be traced, representing
periocds in the Pleistocene or Hecent history of the
Colorado Eiver, and near the river the alluvial out-
wash and river gravels remain ss patches on the now
exposed old lacustrine de@osits.l It is believed
that these terraces as well ag the down cutting of
the Whipple mGuﬁfain drainage are the effects of

2
changes during the development of the Colorado River.

1. Noble, L. F., Nitrate deposits in southeastern
California. U,S.G.S. Bulletin #820, np. 36-45.
1931,

2. Blackwelder, Eliot, Origin of the Colorsdo River.



STRATIGRAPHY

General Teatures

The Whipple dMountains contain few stirati-~
graphic units, although the divisions mspped contain
a variety of rock types which include metamorphic,
igneocus and metamorphosed sedimentary rocks, basic
and acidic dikes, lavas and pyroclastics, and an
assortment of land laid sedimentary strata. The
age determination is not certain in any case, but
the writer feels fairly confident of the Tertiary
age of the sediments ip spite of the almost complete
lack of fossils. Lithologic comparison for the de-
termination of age is often not safe or conclusive,
but for the lack of more positive criteris a tenta-
tive statement on this basis will have to suffice.
However, in a purely structural study this informa-~
tion is not vital although zoning of the sedimentary
series would facilitate and strengthen conclusions
of fault movements. Conseguently I hsve been forced
by field circumsiance to bulk the older metamorphics
into a rather uncertsin and not altogether satisfac-
tory group: the Basement Complex. Overlying this
Basement Complex unconformably are two Tertiary
sedimentary formations, which have both been dated
as post-hoceﬁe, although they are separated by an

angular unconformity. Pleistocene sediments rest

14
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unconformably and remain sporadically on either
basement or Tertiary =s do the more recent alluvial
deposits.

A summary of the stratigraphic section is

tabulsted on the following pags.



BTRATIGRAPHIC SECTION

Approxinste
: thickness
Geologic dge Formation in feet Character
Recent Alluvium 0=300 Panglomerate and mountain outwash, river gravels
P . and silt.
4 - ey Jaconfornity - e e
§ Pleistocene Chemehuevis
1 River gravels | 0=-300 Lacustrine deposits, river gravels, silts merging
& Lake Bed series) to mountain wash
Oldsr River Gravels ¢
Unconformnd tym--

) HBiocene (%} Copper Basin 2500~ Pyroclostics and voleanie flows interbedded with

8 red sandstones, grits, conglomerates and breccia.
B8 Lacustrine deposits. Carnivore tracks.
ra i Unconformity o
g,* Oligocene {%§) (lene Canyon 1735 Pinkish and grey egrits, breccia conglomerates,
e

{Post

-y -

sandstones, local ghales, and occasional lavas.
Artiodactyl. {Elotbersti Tracks.

i

Pre~Cambrian {4} 3asement Complex

Unoonformity
)

Metemorphosed igneous and netmorphosed sediments.
Granite gneles, mica scehist, chlorite schist., thin
quartzites, and limestones. Mueh shattered, tilt-
ed snd breceisted.

9T
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Pre~Cambrian - Bssement Complex

A large area of the Whipple hiountains is
classified as Basement Complex. This designation is
made because the assoclations within these older
rocks are so involved that further refinement would
be extremely difficult if not impossible.

The Basement Complex is composed of meta-
morphosed sediments, metamorphosed extrusives and
metamorphosed intrusives in & complex association.
Their structursl relationship is intricate and no
attempt was made to mep what might be the several
units. The basement has sufferesd extreme shattering
(much of it prior to the present systems of deforma-
tion) which canﬁition.iﬁcr@ases the difficulty of
identification as well as the projection of post
sedimentary faults. Thin sections have been made and
studied to permit a specific statement of opinion as
to rock types.

The ancient crystalline rocks were granites
of varying texture, but are now metamorphosed to
gnelss ranging from fine grained to coarse grained
augen gneiss;.‘ﬁértain specimens show cataclastic
metamorphism with little new mineral formation., The
degree of crushing and granulation is not constant,
and although ﬁot'witﬁin the scope of this study my

notes indicate that the deformation increases from
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southwest to northeast and is especially strong in
the hills about two miles south of B. M. 438 on the
Colorado River, three miles west of Pittsburg Flat.
Here a rather perplexing zone of basement rock shows
crushing and breccigtion on a large scale. The zdne
is several hundred feet wide and strikes roughly
northwest and scutheast, although its extent is in-
determinant because it grades into basement in whieh
cataclastic metamorphism is not megascopically ap~
parent., This zone is now injected and cemented with
voleanic material and it may represent a former fault
zone which furnished sn easy conduit Tor volezsnie
material. The granite gneiss likely is an ancient
plutonic mass, now metamorphosed anﬁ‘thercughly frac-
tured sand jointed, which had intruded z still older
series of sediments which contained some volecaniec
rocks. The sedéiments also are now metamorphosed into
mica schists, chlorite schists, limestones, thin
quartzites, and banded gneiss. Bands up to one foot
thick persist over a long distsnce and the forma-
tions retain an appearance of sedimentary origin,
This is wellraxhibited along the gnorthwest slope of
the mountains where the Basement Complex gives the
banded appesrance of regularly northwesterly dipping
sediments. (Plétes 1%, 16, 2 and 3.} The flow lines

seen in some of the fine grained and prophyritic
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specimens indicate the presence of meta-volecanics.
The limits of meta-sediments and meta-igneous rocks
are not established, but meta-sediments predominate
in the area to the northwést and west, while the
central and northeast portions are mainly meta-ig-
-neous., Chléritization is rather extensive in the
central area although it is present in some degree
elsewhere.

This metamorphic series has been intruded
by many dikes, most of which are found in the border
areas of the mountains, but are especislly abundant
in the westerr portion, the northern segment and the
northeast area slong the Colorado River. The dark
dikes are an amphibole lsmprophyre approximately
malchite (Grout) while the lighter ones are aplite.
They appesr to vary in time and neither consistently
antedéates the other, although neither itype has been
observed to intrude any of the rocks younger than the
Basement complex.

Evidence of later granitic intrusion is
found in the centrsl part of Copper Basin, This
prominent area of new granite is much less metamor-
phosed, being only slightly gneissic and lighter
colored than any of the older basement rocks. (Plate 8.

Age. The exact age of the basement series

is not known, and there is no apparent reason to alter
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the oplnion expressed by E. L. Jones that it is pre-

Cambrian, though it is likely that the "new granite®
is ilesozoic.

Tertiary Hocks

In the Whipple lountains there is a hiatus
between the formations of pre~Cambriasn and Yertiary
age. Rocks of intervening age are not represented
unless it be the "new granite.¥ 4t least no sedi-
mentary beds are present beiween the Basement Complex
and the earliest Tertiasry sediments shown here.

The names given to the Tertiary formations
are those assigned by Ransome in his reporis 1o the
detropolitan Water Districet. They were named from
the areas where the formstions are best exposed, Gene
Canyon and Copper Basin.

The great difference in time between the
basement &cmpies and the Tertiar? indicates the pre-
sence of an unconformity. That deformstion and ero-
sion took place prior to Gene Canyon deposition is
certain, but the scope of these changes is difficult
to estimate. However, the metamorphism and shattering
of the basement indicates severe ﬁiéstrophism. Wide-
spread erosion is indicated by the time difference
and the extended erosion surflace upon which the Ter-

tisry Yeds are deposited.

1. Jones, E. L., Deposits of ﬁan@%gese in southeastern
Californis. U.S.G.5. Bulletin #710, p. 1%1.
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Gene Canyon Formation. The Gene Canyon

formation is not complete =nd outerops with certainty
at only & few places., Fossils are lacking so iden-
tification is based entirely on lithology end strati-
graphiec relationship., Inasmuch as the appearance in
some phases resembles parts of the overlying Copper
Basin formation the designstion, especially of some
of the smaller patches, might be guestioned. Caution
has been used in this regard and the writer feels con-
fident that the aress maopped as Gene Lanyon are cor-
rect. Additional areas of this formation might be
mapped with less certainty.

Lithology and Thickness. An anguler un-~
conformity occurs between the Gene Canyon formation
and the overlying Copper Essin formetion. The Gene
Uanyon now covers the basement only sporsdicelly.
Consequently any section is a pertisl one. The full-
est exposure occurs in Desilt Wash Just east of Gene
Canyon in the vieinity of Parker Dam where over 1700
feet are exposed. This section is described from top
to bottom as follows:

Charagter reet

Reddish, well bedded sancstone grit

with subangular grains. In the mid-

dle is a nine foot bed of "baseball™
conglomerate carrying vesiculsr lavs
houlders. Boulders in this conglo-~

merate are subangular. i . . 50



Charzcter Feet
Bloecky, purplish gray vesiculsr lava 150

Kassively bedded conglomeratic brick

red sandstone with finely bedded

sandstone pertings and bouldered

areas (boulders up to 25 feet in

dismeter). Toward the top this

phase becomes well bedded conglo-

nerste and sandstione. , . . ” 220

Well bedded briek red sandstons with
occasional conglomeratic beds. Sand-
stone grains medium size snd subangu-
ley. . " . : 5 » . . 200

Dirty gray, breccis with huge angular

to subangulsr fragments of coarse and

fine grained acidic igneous rocks

which are very little altered and are

held firmly together with grit. Len-
ticular up to.... . . . . . 300

Gray to black-gray, fine to medium
grained, subangular, well bedded
sandstone. . . . . . . . 60

Interbvedded, fairly well cemented

buff, grayish and pinkish sandstone,

grit and conglomerate. Crains are

angular to subargular. Becomes green-

ish buff toward the top with & bit

more pronounced bedding. ” . . 210

Well cemented hard sandstone, grit,
and shale. Greenish, buff and pink-
ish. Occasional pebble beds. ; . 40

Fairly well cemented, well bedded grit

and conglomerste., Buff to pinkish

with some pinkish and greenish sand-

stone layers. DParticles subangular

with conglomerate size ranging from

1/4 inch to & inches. . " . . 175

Leddsd and massive layers of red con-
glomerate and grit with greenish aci-

diec igneous boulders. Houlders are
subangular but they become more angu-

lar and more plentiful towerd the top. 120



Charactier Feet

Red and gray fanglomerate with

rounded and angular heterogenious

boulders up to & feet in diametesr.

The majority of the boulders are

acidic. . . " . “ . . 150

Dark gray siructureless brecceis with
angular fragments ranging from 1/2
ineh to 3 feet but sveraging about
4 inches in dlameter, all cemented

with grit. . . . . " . 15

Dull red, gray and buffl well bedded

grit and subsngulsr conglomerate. 45
1735

Conditions of Deposition. The character

of the sediments in the Gene Canyon formation indi-
cates tgg“presenca of an arid climate at that time.
¥rosion and sccumulation took plsce apparently under
desert mountain conditions approximating present day
Whipple lountain sedimentation. The predominance of
angular snd subangular particles and boulders in the
grits and conglomerates, the lack of continuous bed~
ding, ana the lenticularity together with the fanglo-
meratic beds indicate a nearness to the source, pro-
bably an ancient Whipple Mountain, These points to-
gether with the rarity of shale or similar sediments
and the freshness of the particles and dominant pink-
ish and gray color are also indicative of a lack of
moisture necessary for oxidatiaﬁ and other forms of
decomposition. Shale patches occur but these are small
and lenticular areas probably ancient small drainage

basins or sag ponds.
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Age. Bvidence of the age of these beds
is vague. They sre probably early Tertlary and
likely post-Focene. The only fossil evidence is
some éf%;oéaetyl hoof prints whieh were found in a
pinkish shele bed during the driving of the Copper
Tunnel by the udetropolitan Water Distriect. (Fig. 3.)
The writer did not collect the impressions, but he
feels certsin of their authenticity. In discussing
these impressions with Professor Stoeck it was con-
cluded that they could be the imprints left by one
of the giant pigs, possibly Elothere, an QOligocens
and very early liocene artiodactyl. HMoreover, the
structural end stratigraphic relationships tend to
point toward this age.

Copper Bagin Formation. Urconformably

overlying the Gene Csnyon formation and the bBasement
Complex is a series of red and reddish brown sand-
stones and conglomerates, with hard shales, lava
flows and voleanic breceis, presumably Tertisry in
asge. 1he unconformity is angular and the discordance
varies from place to place. ‘(Fig.‘ .} The time in-
terval was long enough and the erosion sufficiently
vigorous tc have removed much of the Gene Canyon
formation and subdue the landscape st the end of Gene
Canyon time., The delformation which affected the Gene

Canyon formstion prior to the denosition of Copper
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Basin beds apparently followed the same general system
as that which has tilted znd broken the younger Ter-
tiary strata. The Copper Basin formation then rests
cn patches of tilted Gene Canyon beds and on subdued
and weathered basement rocks.

Distribution. Although the lergest area
and the highest points of the Whipple Mountains are
composed of Dasement Complex, it is the red colored
Copper Easin formation which has transformed the drab
monotony of pre-Cambrian rocks into a picturesgue
mountain mass. ‘he physiography becomes bolder and
more varied in the areas covered by the Copper Basin
formation, especially where the volcanics are present.

Much erosion has taken place since Copper
Basin time and the remnants of this formstion remain
as a dark capping on dull basement rocks or form
tilted rims of interior basin-like areas. This series
of levas, pyroclastics, and sediments is found mainly
in the eastern half of the mountains where the out-
erops command the scenery with their rugggd expression.

The Copper Basin formstion occurs mainly in
the eastern part of the ares studied, forming irregu-
lar strips oriented northwest-southeast. The trend
of the areal distribution is controlled by structure,

for the blocks are roughly outlined by faults. About

three miles northwest of the eastern mass of Copper



Basin formation, across an area of Basement Complex,
is a group of lower hills parted from the main Whipple
Mountein mass by a major fsult. In this group of
lower hills are strips of Copper Basin beds which
also have a northwest-southeast trend and are also
roughly outlined by like-trending faults. In addition
to these areas the southern border of the mountains is .
fringed with patches of Copper EBssin volcanics and
sediments at lower elevations, which lie in deposi-
tional eontact’en the Basement Complex. Several some-
what isolated patches of Copper Basin voleanics which
c¢ap promontories within the range suzgest an earlier
and more extensive distribution of this formation,
much of which has since been eroded. It seems probable
that the grester portion of the Whipple Mountain area
was once covered by the Copper Basin formation.
Liihclogy. Voleanic rocks in the forma-
tion disappear eastward, probably fingering out into
sediments, The sections taken near the southeast ends
of Gene Basin snd Copper basin show no voleanics, but
some of the lower sandstones snd conglomerates appear
to be cemented with voleanic material. Proceeding
nortﬁwestward is 2 gradstion into pyroclastic material
and then into lava.  The demarcation is never sharp.

Where the volcanics are present they are found in the
lower part of the formation overlying the Basement
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Figure 4

Southwest dipping Copper Basin conglomerates,
very severely indurated, at the narrows in
gene Canyon.



29

Complex. The volecanic rocks of the Copper Basin
formation areAmainly andesites with some basalts.
Some rhyolite occurs in small patches in the low
hills to the north, probably small plugs. The
maximum thickness estimated is 800 feet in the ionu-
ment Peak méss. (Figs. 19 and 20.) lava flows and
breccias occur in such complex essocistion that it
is impossible to distinguish individual flows. The
central,area mapped as Copper Basin format%on is a8ll
voleanics.

The sedimentary portion of the Copper Basin
formation is generally made up of intérbedded conglo=-
merate, grit sandstones and some Tlaggy sandstones.
{(Fig. 12 )} Some phases are massive but mostly they
are well bedﬁed in layers a few inches to several feet
thick. BShale is inconspicucus and is found only as
partings between coarser clastics and as lenticular
phases of small areal extent. The predominant color
is brick red, but it varies from dirty brownish red
to pink with oceassional grayish and yellowish areas.
The.degree of cementation varies somewhat, but on the
whole the beds are well indurated. (Fig. 4.} Toward
the upper pért of the seetion, especially in the Gene
Basin area the coarse clastics are only loosely held
togéther, chsnginé gradually downward to the more in-

tensely cemented beds. The degree of induration ap-
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pears to have lateral variation aslso, which condition
has contributed to the formation of the interior
basin=-like areas of Gene basin and Copper Besin. In
these basins the low lying subdued floors are under-
lain by the softer sediments of the upper portion of
the section, while the harder lower portiouns form

the resis§amt ridges. The entire sedimentary seec-
tion of the Copper Basin formation represented by a
continuous succession of sandstones and grits and
conglomerates and conglomeratie beds depicts rhythmiec
sedimentation of the coarser clastics.

The sediments south of the Honument Peak
mass are somewhat finer in texiure than elsewhere in
the area, but coarse to medium grained sandstones
dominate with some fiﬁer conglomerates interbedded.
(Plate 6.} The well bedded nature is still charsc-
teristic with individual beds persisting over the
extent of the exposures; ripple marks and sun-cracks
are frequently found.; ceross-bedding is rare and when
found it is on a small scale. Conditions found point
to the inference that these beds sre part of a more
extensive basin deposit. The basin probably lay
south of the Whipple Mountains and the coarser bedded
sediments founﬁlin-the Copper Easin end Gene Canyon
areas may indicate phases deposited closer to their

soureée.



¥igure b

carnivore tracks in an indurated grit bed in the Copper 3asin Formation.
natural scsale.

One~third
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Thickness. & complete section is not to
be found because of the erosion and deformation and
because the nature of the units of the section vary
in different localities. However, the general cha-~
racter is similar throughout, so that even though
lithology is sgain the only means of identification
the correlation is dependable. The meaximum thickness
of the Copper Basin formation is measured in Gene
Basin from the east side of Black Metal Peak to the
Gene Fault. Here 2500 feet are exposed, but as in
the other localities the beds are cut off by faulling,
g0 the measurements are incomplete. In Copper Basin
the section is 1780 feet thick; the Monument Pesk
mass shows 1800 feet; southeast of Whipple Wash 2250
feet are exposed. In the area of low hills to the
north the exposures are so discontinuous that an
estimate of thickness has little value.

Age. The age of the Copper Basin forma-
tion cannot be determined accurately. The only fossil
evidence found is a few carnivore tracks discovered in
an indurated marcoh grit bed in the northeast rim of
Gene Basin., {(Fig. 6.] This evidence places the
formation as @ost-ﬁocene, and the unconformity shows
it to be younger than the Gene Canyon formation
which has been judged to be possibly Oligocene or

early Miocene in age. It is possible that the
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Copper Hasin Tormation is upper ilocene, maybe closely
. , i 1
related in tlme to the Rosamond series which is upper

oS

Hiocene in age. There ls & general resemblsnce in the
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snd the degree of deformation is
about the same. The volesnics of the Hosamond seriss
are g?éﬁﬁmiﬁaﬁtly rhyolitic while those of the Copper
Boagin formation sve predominently sndesitic., Long-

& ,
ﬁellﬁ plaeces the age of ithe sndesites of the boulder
Uam ares gs pre-~¥lioccens. The voleanies of the
Boulder area vesemble those of the Whipple Mountsins
Qraa and the degree of deformation is sinmilsr, How-

ever, correlation of velesnles is unsafe and these

fig

instances ave mentiored merely to show 8 consistene;
of opinion regerding the age of this type of formation.

Tertisry {(Undifferentisted). The rhyolite

garies of the Yeast ﬁilla areqa 1Is mapped as Tertiary
undifferentiated haﬁémsﬁ these isolated hills sare
separated from known beds by about five miles of sl-
luvistes srea. The rocks of thess low hills are con-

sidered zs Tertiary because ol the rhyolitie c¢harscter

1. Baker, Charles laurence, Xotes on the (enmozole His~
tory of the lphave Lesert. L.U. Pab. Lept. Ceolopy

gulletin, Vol. &, pp. 3385-388. 1211.
Hershey, Oscar L., Some Tertiary formations of
southern Californis. 4&m. G., B9, pp. 360-370.

1304,

longwell, Chester R,, Geology of the Doulder He-
servois Floor, srizong-hievaeda, bull, Geded.,
¥ol. 47, no. 9, pp. 1414~1419.

B
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Pigure 6

Tearly flat-lying Quaternary gravels northwest of
Earp and south of 3Bennett Fault.

Figure 7

Looking northwest at unconfor=ity between flat-lying
Chemehuevi gravels and southwest dipping Copper Basin
gravels near mouth of Whipple Wash.
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and the degree of deformetion. Moereover, the unde-
formed Pleistocene and younger beds lzp onto the
volecanics in a depositional relationship.

This rhyolite series consists of light
colored lava Tlows, tuffs and breccias and has an
gstimated thickness of about 1250 feet.

Pleistocene and Younsger Denpsits

The younger sediments which are included
in the %hipple Hountein area are sll nearly flat
lying, apparently unaffected by the faulting of the
mountains., (Figs. 6 and 7; Plates 19 and 20.)
These beds rest unconformebly on the Basement Complex
and the tilted and fsulted Tertiary series. They are
grouped as Pleistocene and Younger deposits because
no fossils have been found and there is no adeguate
means of sccurate age determinstion. Several units
can be designsted by lithologic differeonces and by
unconformetle association. The principsl units of
this younger series are similar to those presented
by Longwell in his study of the Boulder Reservoir
floor and agree in sequence if not exsctly in charac-
ter. Briefly the units of this younger series in
the Whipple Mountain area are in Qréar of their forma-

tion: (1) partially cemented river gravels, sands and

1. Longwell, Chester H., op. git., pp. 1440-1456.
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lsilts; (2) poorly cemented lake-bed deposits of
shales, clsys and silis; (3) river gravels and
mountain outwash deposited on slluvial fans. Con-
temporary river and stream gravels, silts and
slope washes are also related.

Losgwelll suggests the abandonmsnt of Lee'sg
term, "Temple Bar conglomerate™, on the grounds that
the term was applied tc deposits of widely different
lithology and origin. I agree with Longwell, for it
1s apparent that Lee5 includes the Copper Basin
formation and possitly the Gene Canyon formation in
his Temple Bar conglomerate. These have been deter-
mined as early Tertiary in sage.

Older River Gravels. The presence of older

river gravels is suggested only by the oceurrence of
flat lying opartislly cemented river deposits under-
lying lake beds in the Chemehuevi Valley. The ex~
posures are few and poor and are seen only in the
deeper washes in the Chemehuevi Valley. It is pos-
sible that they shouldéd be included in the next over-
lying unit, but they probably represent a period of
river activity prior to the impounding of the Colorado

River to form a lake in the Chemehuevi Valley.

1. Longwell, Chester R., op. eit., p. 1443.

2. Lee, Willis 7., Geologic BEeconnaissance of a part
of VWestern Arizona. U.S.G.S. Bulletin #3522, p. 32.
13808, - :

5. ibid., p. 45.



Chemehuevi Formation,

Lake Series.l Ir the northwestsern part
of the Whipple VMountain ares in Chemehuevi Valley,
the Chemehuevi formation overlies the 0lder River
Gravels, eroded basement rocks, and tilted Tertiary
sediments. In this section the sediments sre lake
denosits; they were studied in some detsll by Koble.
His descrintion of the lake~bed series is consistent
with my field observations: "Underneath the allu-
vial mantle lie strata of the lake-bed series and
- older rocks of Tertiary and pre-Tertiary sge. In
the higher parts 0f ﬁhe'tract the lake-bed strsia
‘ars either covered entirely by the alluvium or crop
out only in biuffs slong the deeper gullies: but in
the lower parts, where the gullies widen out and where
much of the slluvium has been removed by ercosion, they
are exposed over cansideraélelareas and are carved
into ¢lay hills or badlands. At some places in the
tract low rocky hills of the older rocks project
above the lake~bed series aﬁﬁ the alluvium. The
largest of these hills Torm the group that rises
aoross the path of Chemehuevi Wash just east of West
Well..." Overlying the conglomerate of the older

river gravels J...1s a bed of brilliasntly white

1. Xoble, L. F., Kitrate Leposits of Southeastern
California. U.3.G.5. Bulletin #820, pp. 38-47.
1931, '
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loose textured shale that ranges in thickness from
15 to 50 feet. In the Tield this shale was thought
to be very fine voleanic ash, but a specimen of it
sent to the chemical laborstory of the Geoclogieal
Survey for determination proved to consist largely
of calcium carbonate and was classified as calearous
marl, or c¢halk...." "ibove the white shale is
greenish shale 25 to 50 feet thiek which 1s more or
less gypsiferous and very thinly laminsted, many
laminse being sas thin zs cardbosrd. This shale
passes up into light yellowish-~brown or buff shsale
which here amé'there contains lenses of sendy mate-
rial. Dobth the greenish shale and the buff shale
contzin & considersble amount of sodiur chloride.
The greatest thickness of the buff shale ss exposed
ir the area is 175 feet. It is overlain by alluvium
so that its thickness as originally deposited is un-
known.® {Plates 12 and 20.;

Fiver Gravels. Probably contemporaneous
with the leke-bed series, but certeinly of diffsrent
lithology, are river gravels which range Trom thin
veneers to continuous sections measuring about 200
fest thick. 41s0 isolated pgtehes are present, the
conﬁeetion with larger bodies presumebly destroyed
by erosion. The patches and the less continuous

gravel beds are found slong the Colorado River from



Little Chemehuevi Valley to below the junetion of
Bennett Wash with the Colorsdo River, whence broad
continuous siretceches of nearly flat-lying, crudely
bedded and partially cemented gravels are found.
(Fig. 6.) laterally these grade to mountain out-
wash material, but largely the material resembles
présent stream gravels with rock types eflgre~cam~
brian, Paleozoic and Tertiary represented. Degree
of rounding and size slso vary within the beds and
from place to place. {n the whole, the pebbles are
smoothed and but a few inches to 8 guarter inch in
size slthough boulders more than a foot long are
not uncommon. Oceasional silt or clay layers and
lenses occur,

These are correlated with the lake~bed
series because of association and seguence, for they
also rest unconformably on ercded basement rocks and
tilted and faulted Tertisry sediments. They are |
overlain also by still younger outwash material as
well as river terrace deposits. 4All these have been
gullied by intermittent streams as has the lake-bed
series in the Chemehuevi Valley. Both units are un-
affeetéd by the post-Tertiary faulting within the
mountains.

Younger River Gravels. Unconformably over-

lying the Chemehuevi formation, both in the lacustrine
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phase and the river gravel phase, is a thin layer

of loose river gravels which merge to mountain out-
wash deposited in alluvial fans. %his gravel now
oceurs only as an alluvial capping up to 50 feet
thick on the gently sloping mess-like areas between
gullies cut through the Chemehuevi formation. The
character varies from poorly sorted sand, gravel and
- ¢lay, washed from the nearby hills and spread out as
alluvial fans, to distinet river gravels with sorted
and.well'rouﬁdeé pebbles of exotic origin. Eistincﬁ
river gravels have been found as high as 200 Teet
above the present level of the Colorado River.

Recent Deposits. Recent river gravels,

sands and silts are found along the Colorado River
and on the low Ilood plains. Diamond drill borings
‘'at the Parker Dam site showed river detritus to a
depth of about 280 feet. The intermittent streams
which lead from the Whipple lountains into the Colo-~
rado River have gravel of varying coarseness in their
channels. 7This channel covering is probably at the
most only about 20 feet thick, for in many localities

within the hills bedrock is exposed in the stream beds.
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Summary of Structural Helationships

Deformation in the ¥hipple Mountains is
characterized by tilting and faulting and doming on
a large scale. Folding exists in s restricted por-
tion of the ares and is interpreted to be of minor
importance and purely local in effect. Eansomel re-
ported the probable existence of a low angle thrust
fault iq the Whipple Mcuntain area, but field work
proved that preliminsry impression to be wrong.
Ransome's frankly stated doubts were confirmed, but
not without considerable study and additional Tield
work, for the evidence was quite perplexing especially
in the strip worked by Ransome slong the route of the
agqueduct. Fortunstely for the writer the Metropolitan
Water Distriet's tunnels through the Whipple Mountains
were completed during the course of the field work; so
some of the baffling points were cleared up by the ad-
ditional observations made available. It is concluded
that the major fault type is normal.

Basement Cpmglex. The area studied in most

detail is that eastern portion where the basement

1. Bansome, F. L., Oral communication and unpublished
reports to the Hetropelitan water District.
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gomplex is covered by Tertiary beds. This is because
the basement rocks have suffered so much deformation
and are so shattered that it is impossible $o inter-
pret the structure sccurately in the ares solsely
covered by this series. Good structural relationships
are exposed in the ares studied, but the lack of fos-
sils and definite zone markers preclude the possibil-
ity of aceurate displacement estimates ever here,

Gene Canvon Formation., A great unconformity

exlists between the basement complex and the earliest
Tertiary beds, the Gene Canyon formstion. It is cer-~
tain that deformstion and a great deal of erosion
took place during the time interval, but the character
of both erosion and structursl change is unknown for
the data are incomplete. Hinor erocsional unconformi-
ties occur Within‘the Gene Canyon Tormation, but

these have litile effect on the whole seguence of
sedimentation during this time. DBetween the end of
Gene Canyon time and the beginning of the next deposi-
tion, which is closely related in time, the region
suffered deformation and erosion. The record of Gene
Canyon rocks is incomplete and no determination of
the extent and character of the movement can be made.
However, from the attitudes of the beds, it is postu-
lated that the deformation was by tilting and normal

faulting with very little folding., It was presumably
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similaeyr to that which occurred later in post-Copper
Basin time and was studied in more detail. The aver-
age degree of tilting of the Gene Canyon formation
was approximately 25° to the southwest, which is the
angular difference between the dip of the Copper
Basin and that of the Gene Canyon. There are also
vague indications of slight folding in one exposure
of Gene Canyon a mile south of Parker Dam and another
about a mile northeast of Eagle landing.

Copper Basin Formstlion. The Copper Basin

formation, consisting of sedimentary beds and lavas
sometimes interbedded and sometimes interfingered, is
structurally the most impor@an{ series in the ares,
for these beds form the bBasis for the genersl struc-
tural comparisons., 4As in the case of the Gene Can-~
yon formstion, minor erosional intervals exist within
the Copper Basin series bubt these have little effect
on the general problem. As has been stated previously,
the Copper Basin beds follow the Gene Canyon in un-
conformable seguence and are found resting on tilted
and eroded older Tertiasries or on the o0ld erosion sur-
face of the Basement Complex. The nature of this con-
taet will be treated later in the eonsiéeratisn of
thrusting. The general attitude of the Copper Basin
beds shows a northwest strike with a southwest dip,

and local variations do not alter the structursal grain
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of the area. Most of the major interior faults are
observed in the association of Teriiary beds with
the basement complex, and in few cases has a fault
been projected for sny great distance in the bhase-
ment rocks unless there is a reasonable degree of
certainty that the faultse have experienced posi-
Copper Basin activity. The bssement rocks are so
shattered and sltered and erosion has proceeded so
far that in most cases 1t wmuld e impossible to
differentiate safely between pre-Tertiary and post-
Copper Basin movements. Moreover, in many loeali-
ties the basement complex is in such a deformed
condition that one could desigpate a fault to aline
with any projection he might choose. I hsve used
caution'in this regard.

Pleistocene and Younger Deposits. Fleis-

ﬁécene and younger deposits apparently have been
little affected by the deformstion which has resulied
in the building of the ¥Whipple Mountains and the
changing of the attitudes of the older rocks. These
younger beds are all nearly flat-lying and demon-
strate only depositional snd erosional aﬁamalies.
Small minor faults and folds observed in these beds
are interpreted as being purely local features con~-
fined to the individual beds and caused by creep and

alippage closely following deposition. ©Such features
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are observed in the soft lake-bed series in the
Chemehuevi Valley., However, it is possible that
the general down~cutting around the Whipple Noun-
tains may be due to a general upwarping of the
entire area.

Folds, Folding is of minor importance.

As mentioned above, the folds in the Gene Canyon
formation are indistinct and the evidence is too
incomplete to postulate their cause or consejuence.
The Copper Basin formstion overlies these truncated
struetures and it is possible to interpret conly the
later activity. The folding which invelved the Cop~
per Basin sediments cccurs et one leocslity in the
southeastérn part of the Monument Peak mass in the
lower area northwest of Oross Roads. Here the folds
are»shallow open flexures., Ko other localities show
folding.

Faults., Deformation by faulting and tilt-~
ing has resulted in the building of the Whipple Moun-
tains. Faulting is of the normal type. A few smell
reverse faults occur, not mappable on the scale used,
associated with the tilting and faulting of the
blocks. The north and east flanks of the mountains
are roughly bounded by a large normsl fault with a
broad arcuate trace which is easily followed for

approximately 25 miles along these margins. The
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movement along this fault hes resulted im the raising
of the Whipple iMountains to their present prominence.
The interlor of the mountains has been broken inko
several wedge-shaped bloecks, whieh are bounded by
normal faults which dip toward one another, The
blocks are tilted to the southwest with the Tertiary
beds dipping into a northeasterly dipping fault and
the basement rocks.

Possgibility of Thrusting

Iﬁ‘seems necessary, in view of reported in-
vestigations, to tonsider definitely the possibility
of the Tertiary manitle being thrust for an uncerizin

istance over the basement pre~Cambrian rocks. It

is my opinion that this type of deformation is not
m&ni?eét though it is evident in plsces that some
movement has tsken ylaee\algag the contsect between
these two merkedly different formations. As already
st&ted;.therarea was primarily chosen with the hope

of studying a well exposed area of thrust fanltivg.
Preliminary work hsd indicated some thrusting and because
the usual assocliation of older rocks thrust over
younger rocks presumably was reversed, other evidence
than discordant stratigraphic sequence had to be found.
Accordingly, the contect between the basement rocks
and overlying beds was followed wherever possible and

the relationship examined., Fortunately surface evi-
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dence was enhanced by the data revesled in the Metro-
politan Water Distriet tunnels. True relationships
were seen in these new underground locslities.

surface Observations., During the first few

weeks of field work it was thought that the contact
was one of great movemeni, for during that time study
was conlined largely to the area around the Nonument
Peak mass. Ib many places in this area the contact
shows several fest ol crushed and brecciated material
with gouge and some slickensides, all now gquite in-
durated. The grooves and striatioms in this zone of
movenent are poorly preserved. Continued and ex-
tended examinstion showed the evidences of movement
along the contaet to be local and further indieated
the Tertiary beds to be lsid down on & comparatively
even surface with only occasionel low swells and de-
pressions. In the ares about two miles northwest of
Barometer ?ésh; along the southwest side of hill 2830,
a begutiful exposure ol the even erosion surface of
the basement rock can be seen over & distance of about
g mile and s half. Here the Copper Basin voleanies
rest concordantly on this even surfsce. From a dis-~
tance it appears that the Copper Basin dips steeply
into this plain surfasce, but closer examinstion proves
the dépgsitieﬁ to be parsllel to it. In the Monument

Peak mass apparent discordance -- that is, Copper
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Basin beds dipping into the contact surface -- is
fourd to be caused by rather low sngle (40°) normal
Taults in close associstion with the sxposure of

the contact st & point where loeal slippage occurred
and where there is a considerable amournt of erushed
material.

-The contact was {ollowed carefully asround
all of the blocks and evidence of movement was found
only in the Monument Peak mass, principally in the
vicinity of Barometer Wash and slong the base of the
c¢liff on the norih side of the mass below lMonument
Pesk., ©Small areas of slippage were found near the
base of the ¢liff on tlie southeast side of hill EY60.
The Genelﬁlack, the Spring Block, the Copper Eloek
and the isolated smaller cesppings in the interior
show normal depositional relationship. This condi-
tion is alsg true of the smaller irregular blocks in
the lowerrncrth hills. The fringe outcrops of Copper
Basin material along the socuthern and southeastern
borders show Copper Basin voleanices and sediments
lapping the basementi rocks in regular depositional
contact.

Tunnel Observations. During the driving

of the seversl tunnels through the Whipple lMountains

by the Metropolitan Water District the contact be-
tween the Tertisry beds and the basement rTocks was



cut several times. The steeper fzult contacts on
the west side of the tilted blecks, with the sedi-
ments abutting the basement rocks, are due to nar;
mal faulting and zre not considered here. The
contact in question is seern once in the Cclorado
Tunnel, once in the Copper Tunnel, and six times in
the Whipple Tunnel. 1In each case the bedding was
parallel to the contact, and the basement rocks show
up to 220 feet of oxidized zone, which is attributed
to be surface z2lteration now buried. In at least
three cases in the Whipple Tunnel a coarse hasal con-
glomerate occurs at the contact. In short, the evi-
dence as expbsed in the ftunnels points to deposition
of the Tertiaries, principally Copper Basin bsds, on
the eroded énd oxidized surface of the Basement Com-
plex, with no testimony of thrust faulting.

Folds. In addition to the direct data pre-
dominantly pointing to normal depositlion of Tertiasries
on the eroded surface of the basement rocks, it can be
inferred that if there had been any large amount of
thrust movement which involved the relatively thin
msntle of Tertiary beds as an overriding mass, these
beds would show more compressional festures than they
do. 4s it is, these Teatures are conspicucusly albsent
and the blocks of tilted Tertiary msterial are re-

markably intact and unwarped. iinor thrust faulis are
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not present and thore is a decided lack of contortion
and folding, even in the less competent phases. The
minor folds which occur on the southeastern side of
the lionument Peak mass have been mentioned. These

can be accounted for by other means than compression
due to thrusting. 4 section through the Whipple
Mountains tsken from northwest to southeast shows a
broad warp of the Copper Basin volcanics with the
volecanics nearly flst-lying northwest of onument

Peak for a distance of about five miles. (Cross-
section of E-E*', Plate 5-8.) From the section as

wetl as in the field there is indication that these
beds probably extended across the mountains at one
time but have been eroded since. OSoutheast of Honu-
ment Pegk the beds dip sharply up to 35°, and the
volcanics are overlain by sediments which Tlatten

and then become gently folded into a series of two
antielines and two synclines over a distance of about
four miles to the Colorado Hiver where the Tertiary
beds are lost under a thin covering of younger beds.
It has been stated also that the Copper Basin sedi-
@ents in the “hipple Mounteins probably were deposited
in an extensivé besin lying to the south and southeast.
It is now assumea that these open undulations might be
due to compression developed by-slumying during the

rise of the Whipple mass and the related subsidence
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of the basin. The Monument Pesk mass is the only
bloek in which there appears to have been slippage
along the contact; it is the only block in which
folding is seen; and it is in this same genersl
broad mass that a section shows large scale warping.

North Hills. The low hills to the north are
complex on & smaller scale. They show both reverse
and normal faults, but in an asscciation which in-
dicates upthrust and downdrbpge& wedges rather then
extensive overthrusting. There is no evidence here
that would slter the opinions stated.

The Fault Pattern

Genersl Features. The fault map of the

¥hipple Mountains shows two ma jor sets of fractures:
{1} a broadly arcuate fault, the Whipple Fault, which
outlines the entire mountsln mass on the north and
east sides; and (2) the interior faults which trend
in a generel northwest~southeast dirsction. Northwest
trending breaks in the North Hills area for the most
part agree in direction with the interior faults.
Fracturing in the West Hills, although too remote for
direct comparison, show & roughly east-west set of
normal faults displacing & northwest trending set.
The direct evidence of movement in these two sets in-

dicates the movement is normal in charscter.
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Ma jor Faults.

Whipple Fault. The most important fault
in the entire area, the Whipple Fault, is discussed in
detail later in this section on page 104.

Interior Faults, Observation of the fanlt
pattern shows the frsctures mapped to be grouped to-
ward the sastern limb of the arcuate trace of the Whip-
ple Fault but still inside the arc. This grouping may
be apparent only, for it is possible that similar faulis
exist in the ares west of the Tertiary covered ares,
but there is no justification to assume post~Copper
Basin activity west of the Monument Peak Block.

Another significant factor to be glesned from
the fsault map is the apparent, but not distinet, ten-
dency Tor the interior faults to radiate or flare to~
ward the southeast frém g qentral area along Whipple
Wash, It shdould also be noted that these interior faulis
terminate ﬁetﬂf&r beyond the Whipple Wash area and that a
zone in which no faults have been mapped varies up to
three miles wide between the ¥Whipple Fault snd the ends
of these interior faults. In this zone, devoid of frac-
tures, the?s are no signs of faulting; even the basement
metamorphic rocks show no signs of contortion or break-

age., The schistocity of the rocks in this area dips

regularly northwest. (Plate 15.)

The major interior fractures ars normal faults
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of the hinge or rotary type with the axis of rotation
located roughly near a central sres running from the
Colorado River st HMurray Flat southwestward along a
line sbout 1 1/2 miles northwest of Whipple Wash for
a distance of about five miles., This termination of
the interior faults before they interseet the VWhipple
Fault mskes the consideration of the relative sges of
the movements indefinite, and the conclusion in this
regard is largely one of opinion.

There is sn increase of displscement on the
interior faults toward the southeast, a condition
readily seen from the oblique air photographs, in the
sequence of eross-sections, and on the maps showing the
arsal geology. {Plates 8, 9, 11 and 16.) The geologic
map shows that in the northwest portion of the main
mass of the Tertiary covered area in the viecinity of
“hipple VWash the streams haée cut threugh the cap rock
and exposed Basement Complex only in the channels.

This condition éfeeluées faulting of any appreciable
amount of displacement, It is true that these capping
rocks have been broken and tilted slightly, but they
sre cut by faults which have comparatively iittl& dis-
placement. {See seetion B—B',} Southwest slong Whip-
?le Wash the stream channel is 211 in basement rocks
and the—eappiég volesnies appear to have been broken by

nearly vertical normel faults of small displacement with



L
>

the blocks of Copper Basin tilted somewhat but not
shattersed. The rotational movement during the slight
tllting here was probably teken up in the further shat-
tering of the already fractured basement rocks. A
similar conditlion is exhibited in the northwest end of
the Spring Block where the Spring Fault dies out.
{Plate 16.) ioreover, the slevations of the contacts
of the seversl isclated remnsnts of Copper Basin vol-
¢anics in the central portion of the area are such
that these separate patches could be connescted with-
out postulz ting intervening faults, bul rathser a once
continuous volcanic ecvéring, brozadly warped.

The outcrops of the Tertiary fccks in the
interior show littlaltiltiﬁg or faulting, but pro-
ceeding southeastward displacement on the bresks be-
conmes grester and the areas of Tertiary rocks are
separated and tilted markedly. Displacement varies
from zero to at leasi 1500 feet on some faults in a
Gistance of =zbout eleven miles. Tnis condition is
well shown in the oblique air photographs, especlally
Plates 8, ¢ and 1ll.

Hinor Fs . Hinor faults are numerous

and their strikes sre varied. However, those minor
breaks which are mappable on the scale used show a
tendency to follow the general trend of the larger

faults, to form auxilisry slices within the major
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 blocks, or cutline smaller blocks which are within
or broken from a major block. In the former case the
pattern tends to assume a braided charscter which is
quite pronounced in the area immediately north of
Whipplé Fault. In the latter case nearly east-west
or north-south minor faults occur to outline minor
blocks.

Fault Blocks., The interior faulis comprise

one system based on the general trend, but there are
pairs of faults with opposing directions of dip but
like charscter of movement. The faults in the inte-
rior system have divided the area into irregular
blocks elongate in a direction parallel to the strike
of the faults. Four main blocks are thus delimited
which in themselves contsin minor blocks delimited

by minor faults, The méjcr blocks are from northeast
to southwest: (1) the Gene Block, {2) the Spring Bloek,
{3) the Copper Block, and (4) the lionument Peak block.
{Map 2. ] Thé struetural character of the individual
segments as well as the festures of the faults which
cutline;them is considered in sejyuence from nertheast
to southwest.

Description of Faults and Fault Blocks

‘he Gene Block.

General Features. The Gene Block lies in

the northeast portion of the areza south and west of
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the Coloradc River. It includes an elongate segment
oriented norihwest~southeast about eight miles long
and sbout 2 1/2 miles wide. The northeast boundary
ig indefinite, but is taken to be the projectie# of
the Whipple Fault which nearly parallels the Colo-
rsdo River here. The southwest boundary is the
northeast dipping Gene Fauldt which is tracesble for
the full length of the bloek. (Plates 12, 13 and 14.)
The block as & whole is tilted approximately 30 © to .
the southwest, fer’the Copper Basin beds show an
averagé éip of sbout this degree in that direetion;
they vary from 10 °to 45° The Copper Basin beds
are exposed oOver mlmost half the area of this block
and are mainly well-bedded coarse sandstone snd con-
glomerates which grade into agglomerates and voleanic
breceis near the northwest end of the outerops. The
lower part of the Copper Besin section is hard and
forms the crest of the rddge of the gortheast rim of
Gene Basin. ?he upper portion of the formation bem'
comes gradually less indurated to poorly cemented
and loose gravels, and underlies the floor of the
comparatively low lying Gene Basin. The contact Dbe-
tween the .Copper Basin formation and the Basement
Complex on the northeast is clearly a depositional
contact and for the moét part lies high on the

northeast side of the ridge at the base of the cliff
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Figure 8

Looking northwest across Geme Canyon at the tilted
ene 3lock. About 1 inches to the left of the
pole steep dipping Gene Canvon beds can be discerned
below the Copper 3asin beds.



58

formed in the harc blocky conglomeratic beds. The
contaect is irregulsr and shows occassional scour
channels Tilled with coarse c¢lastiec sediments. UNo
evidence of movement along this contsct was ob-
served.

Southeast of Gene Canyon in Desilt Wssh
the best section of the Gene Canyon formation is
found., These beds also show tilting, and they dip
to a‘greater degree then the Copper Basin beds. A4l-
though the beds are nsarly verticsl at the contact
with the bassment rocks to the northeast, the con-
tact ls depositional and no féult evidence was ob-
served except some bedding plane slippage in the
occasional shale layers near the bottom of the sse~
tion.,

The unesnfgrmity between the Gene Canyon
formation and the overlying Copper Basin formation
is well exposed in Gene Canyon and can be followed
southeastward from this point o the Colorado River
cver a distance of about three miles. The angular
difference, z2lthough varied, will average about 25°,
(Fig. B.)

The preseuce of a fault on the southwest
side of the block is evident, Tfor sedimentary beds
are seen to dip directly into basement rocks toward

this margin. The character of the movement is not



Pigure 9

Looking northwest at an exposure of the Gene
Pault about 1% miles northwest of the Colo-
rado River. Copper Basin beds to the right:
basement rocks to the left.
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so clear. This fault is termed@ the Gene Fault.

The Gene Fault, The Gene Fsult is
traceable over a distance of approximstely ten
miles in a generel northwest direction from Gier's
Basin to the Colorado River about 1 1/2 miles
southeast of whipple Wash. For the first 6 1/2
miles its trace is ¢learly followsd by the anoma-
lous relationship between the Tertiary sediments
ané the basement roeks, but for the remaining 3 1/2
miles the break is entirely in bassement rocks
where its course might be guestioned. However,
there is a distinct alinement of topographic features
such s saddles, weathered sress, ridges and drainage
grsoveé, accompanied by & greater amount of brec-
ciated bésement rocks, with the projeetion of the
definite fault trace in Gene Basin, This extension
of the Gene Fault into the basement area does not
show the hinge charasecter of this fault, but the
lack of any escerpment in this northwest extension
may be due to = lesser amount of displacement.

The sctual bresk is exposed in several
localities and although ihese exposures are not ex-
eellent the average 6ip was taken as 40-45 to the
northeast. The best exposures of the Gene Faull
are found over the first three miles northwest {rom

the Colorado River at Gier's Basin. (Fig. 9.)



There is considerable gouge and fault breccia up to
eight feet thiek accompanying the fracture, but the
material is either so severely cemented or subse-
quently westhered that detailed examination yielded
no information concerning movement. The breeccia in-
cluded both sedimentary and basement material, but
the basement azterial is decidedly predominant.
Drag is exhibited in the sediments both on 8 small
and on a large scale. Close to the fault, in two
cases, short synclinal fo lés about 150 Teet wide oec-
cur, while over the entire sxposure the Copper
Bazin beds flatten from 45° at the northeast contact
to 28 low as 10%° near the fault., This break is then
considered to be a mal fault dipping aortheast at
45° with the hanging wall of Tertiary material
relatively dropped at least 1500 feet.

Aside from the sctual exposures of the Gene
Pault, its surface trace through the southwest side
of Gene Bzsin can be ¢lossely followed by the topo-
grashiec difference between the basement rocks and
the Jertiaries. For the most part the fgult is
covered by recent oubtwash material, but the Basement
Complex stands higher, forming @ distinct escarpment
" which Taces northeast above the soft sediments of the

 upper portion of the Copper Basin formation.



Faults within the Gene Block. It has
been stated that the sedimentsry beds overlie the
basement rocks in depositional contact, so any
tilting of the block involved basement rocks as
well as the Tertiary mantle. The surface evidences
of faulting within the basement northeast of the
Tertiary beds are indefinite, and are limited to
the sgreement of topographic features such as saddles,
grooves, ridges and weathered zones whieh might run
across the drainage pattern, there being no definite
escarpment. (Plate 14.) Brecciated and fractured
zones in these gneissic roecks are omnipresent. How-
ever, the Colorado Tunnel section disclosed some
rather helpful information. Throughout the tunnel
in the area of basement reqks fracture zones were
seen, mostly striking northwest and dipping south-
west from 20°¢ to veftical. It would be difficult to
choose a single fault, the movement along which
could be deemed most intense. The impression is
that the movement has been cumulative on all of the
breaks, creating & zone of movement throughout the
basement area., Two areas which showed the greatest
amount of gouge and brecciated material in the tunnel
were projected along their dips to the surface. They
have been chosen more as representatives of the zone

of faulting rather than as individual faults. The



topographic features on the surface where these

pro jected fractures emerged were consistent with
faulting. Alinement of the topographic features
indicates a northwest strike and a steep dip slightly
southwest. Being all in basement rock, direction of
movement is uncertain, but probably it is normal
with the southwest side depressed. Alsoc the topo-
graphy indicates that the two faults chosen in the
tunnel join to the south to form a single break.

The probability is that the many slip surfeces seen
in the basement rocks as peretrated by the tunnel
represent a Tault zone in which the planes should be
represented by a braided pattern both in plan and
section.

Other fractures within the Gene Block are
vertical or steeply Qipping normal fsulta, and are
either bvifureations from the ma jor Gene Fault or ad-
justment breaks running nearly north-south and end-
ing against northwest itrending fault.

The Spring Block.

General Features. Topogr=phically the
Spring Block, at first glance, seems to be a north-
west extension of the Gene Block, but closer inspeec-
tion shows it tb be a separate unit. (Plates 13 and
16.) It appears that there might have been a tec-~

tonic attempt to create a large single structural
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unit to include these two blocks, but the incompeteunce
of the rocks to act as a unit caused them to separate
in the vicinity of Black lietal W8sh. The Spring
Block also 1ies in the northeastern part of the sres
}south of the Colorado River near the central part of
the arc formed by the trace of the Whipple Fault.
The block is elongate in a northwest~southesst direc-
tion, about six miles long and up to two miles wide
in the area where definite information is obtainable.
From the standpoint of structural unity, it probably
should include an additional six miles between Black
letal Wash and the Colorado River at Gier's Basin.
This latter six miles is all EBasement Complex in
which little definite 6r conclusive data are avail-
able. That portion in which there are pertinent
details extends northwest from Black letal Wash
across Whipple Wash to Little Chemehuevi Valley and
the Whipple Fault. The northeast limit is the Gene
Fault extension, while the southwest limit is the
Sprigg Fault.

The block as a whole is tilted about 40°
0 the southwest, though the Tertiary sediments
flatten to 15%in the viecinity of the Spring Fault.
The average high degree of tilt is due to secondary
tilting by the complex faulting in the central part

of the area, However, at either end of the block,
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on the "three-fingered” promontory and near Black
Metal Wash, the tilting is less, about 309,

The capping rocks in the block, which
disclose the tilting and faulting, are the lower
part of the Copper Basin formation which is here
composed mainly of voleanic material of different
types in complex association overlain by coarse
bedded sediments. The lower hard volcanies form
the ridge tops and the base of the formation, as
in the Gene Block, lieshigh on the northeast side
of the ridge at the base of the steep c¢liff formed
by the massive volcanics in regular depositional
contact with no slippage apparent. In the central
portion of the bloeck the voleanics are only about
300 feet thick but they thicken northwestward. The
sediments overlie the rough flow surface of the
lavas and show a partial section up to about 600
feet thiek. 4s in the case of the Copper Basin
formation in the Gene Block, the Tertiary rocks are
remarkably intact for the degree of tilting and the
amount of faulting.

Similar to the conditions in the Gene Bloek,
the Copper Basin rocks dip toward and into the base-

ment rocks to the southwest, so a fault on this

southern margin is evident. The break is readily

followed in & somewhst sinuous trace. This fraseture
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has been termed the Spring Fault from Willow Spring
which issues frbm the fault zone about a mile south-
east Trom Whipple Wash and from which good potable
water ¢an be obtained the year round.

The Spring Fault. The Spring Fault
forms the southwest boundary of the Spring Block.
This faﬁlt esn be followed definitely from the
northwest end of the "three~fingered” ridge south-
eastward for a distance of at least six miles to
Bluck HMetsl Wash, after which the trace is less
gefinite. The trace then apparently swings a bit
to the south and follows a zone of intense frae-
turing through basement rocks for about four miles
after which it swings eastward sgain to connect
with a Tault exposed at the Colorado River at the
south end of Gier's Basin. The trace of the fault
in the first six miles is broadly sinuous, but on
its extension into the basement rocks the trace is
nearly straight across the rugged topography, curv-
ing to connect with a vertical fault at its south-
east end.

Exposures of the fauli are numerous in ihe
neighborhood of Whipple Wash and northwest from 1it,
As is the case of most fault exposures in the ares,
slickensides and breccis are strongly cemented and

slip surface is badly weathered. Detailed examina-
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Figure 10

Exposure of the Spring Pault in Whipple Wash

Pigure 11

%

Detail on the hanging.wsll of the Spring Fault
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tion yields meager data. The fault is exceptionally
well exposed where the Spring Fsult crosses the
Whinple Wash, at the south side of the desp gorge
cut through massive voleanices of the Copper Basin
formation. Up to thirty feet of gouge and brec-
ciated msterial composed mosily of altered schist
are exposed here. The fault dips northeast about
407 The hanging wall is sharp and still retains
vatches of slickensides with scratehes. These
grooves piteh to the southeast about 45° and in-
dicate an obligue movement. (Figs, 10 and 11,)
However, other cases indicating obligue movement

are éo rare that it is unsafe to postulate conelu-
sions as to this type of slippage. Exposures of the
fault are almost continuous northwestward for sasbout
a nile, where it bifurcates. At this point the
fractures steepen to 60° and these two faults éut
through the voleasnics. The branching of the fault
is responsible for the "three-fingered” character of
the ridge. South of Whipple Wash the Spring Fauli
cuts off & large block of Copper Basin voleanics
which are nesrly flatiying in depositional contsct
on basement rocks. This mass slthough close to the
Spring Block really belongs to the next bleek south-~
west -~ the Copper Block. There are further ex-

posures of the Spring Fault in ¥illow Spring Wash
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which show a northeast dip of about 45 , bub sfter
about 2 mile southeast up this wash the break is
covered by outwash materisl. However, a slight es-
carpment marks the psth of the fault until it is
again recognizasble northwest of Black Hetal Wash.
Southesst of this point the faull is projected
through basement materisl on the basis of & con~
tinuous strongly sltered zone. The straight peth

of the intensely Tractured area through the base-
ment rocks indicetes s steep dip on the plane. This
is partially verified by fractures in {the basement
rocks themselves as well ag by & dip of 80G to the
southwest where g large feult in the same slignment
is cut by the Copper Tunnel. Contlinuity of the steep~
ness of this fsult in & southeast direction is seen
in the vertieal slip surface exposed at the Colorado
Hiver.

The hinge or rotary character of the Spring
¥gult is evident. The movement at its horthwest
linit is slight, end the two branches of the Spring
¥Fault have broken the ridge into thres segments, The
voleanie czpping of this ridge is surrounded by base-
ment rocks on three sides and the comtset 1s cne of
deposition. {Plate 16.} Proceeding southeastward
thexe is a gradual incresse in displacement until at

the locality of cross-section E-E' the displacement
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is et least 1000 feet. Southesst beyond Black
Metal VYash displacement estirates sre impossible,
besement rocks being on boik the hanging and foot-
wall sides., It should also be noted thaet in this
latter area there is no perceptible esecsrpment
which might establish & recency tc the setivity of
the fault hers.

Faults within the Spring Block. There
has been no tunnel through the Spring Block, so
there is no evidence corrotorative of the topographic
indications of faulting. The basement rock on the
northeast side of the Copper PBasin materisl contains
more definite information, for there exist continuous
fractures which sre easily traced. These fractures
are steeply dipping to the southwest and join a
nearly vertical fault which follows the clifrf face
of the volesnic cspping. This latter fault in turn
is shown to branch from the Spring Fault southeast
of Black Metal Waesh. The braunch faults in the north-
east portion of the block end at a steep ceross break
which runs northeast from the Spring Tault just south
of ¥hipple Wash. In this area neary Willow Spring is
a complex group of minor fracturss all of which end
at the northwest trending faults or at the Whipple
Fauli. .This is probebly a zone of breakage in the

ad justment to the tilting of the Spring Block, com=~
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plicated by 1ts proximity to the ¥hipple Fault.
Small sgcaﬁdsry blocks in this adjusiment srea show
abnormal tilting up'tﬂ as high as 60°,

It should be noted also that sven in the
less indurated beds of the Conper Basin formation
there are practically no minor faults or contoriions,
the block of Tertisry remaining virtually & unit
throughout the deformation. The basement rocks on
the other hand are highly fraciured.

Thae Copper Block.

General Features, Southwest from the
Gene Elock and the Spring Block lies the Copper
Block, so called because of iis association with
Copper Basin. Like the previous two Llocks, the
Copper Block is elongate in a northwest direction,
extending for sbout ten miles from the Colorado
ﬁiﬁer at about Eagle'Landing to avout 1 1/2 niles
northwest of»%hipple Wash.. {Plate 9.} The block
is about two miles wide between the Spring Fault
on the northeast and the Copper Fault on the south-
west.

The bleck is considered here as a strue-
tural unit though aleng its length adjusiments to
tilting qu'faulting have caused the Copper Bloek
to break, dividing 1t into three minor blocks still

of considerable magnitude, The most pronounced break
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of this kind is at sbout the mid-point of the length
of the bloeck in Bandit Pass. Another is in the slightly
constricted area of Copper Basin rocks two miles north-
west of Bandit Pass. Thess two adjustment areas
divide the Coppsr Block into (1) the West segmsnt,
{2} the Middle segment, and {%) the Hast segment.

Rocks included within the Copper Block be-~
long to the Basement Complex, the Gene Canyon forma-
tion and the Copper Basin formzition. The Basement
Complex lies wholly on the northeast side of the
bloeck; the Gene Canyon Tormation occupies the south-
east mile or so and has isolzsted capplngs of Copper
Basin material; the Copper Basin formation covers the
southwest part of the block and several segregated
promontories within the basement area. Iverywhere
within this block where the Copper Basin formstion
is in depositional contact with the basemsnt no -evi-
dence of slippage occurs. Tilting in the block is
not everywhere the same, bul varies in the several
segments and is shown by the attitude of the Copper
Basin beds which dip soubhwestward into the Copper
Fault.

The West Segment. The west segment Is
capped by lavas and pyroclasties which dip about 38
southwest at the Copper Fault nesr the divide belween

the Whipple %ash drainage and the Copper Basin drainsge.



However, in crossing this segment toward the north-
east it is observed that the canping is warped up-
ward and the bedded rocks near the erest of Hill 2854
din in the opposite direction, This warped condition
iz substantiated by the contsct along the east side
of Whipple Wash, and also by the fact that the hases
of the isolated cappings of velcanics between the
main ridege and the Spring Fault agree in elevation

to sonform to a gentle upwarp between the Copper Faulb
and the Spring Fsult., The contact between the Copper
Basin volecanics snd the underlying basement rocke is
denositionasl 2 long the northesst side and the north-
west slde of 2884 pridge. The contael on the north-
east side lies high up on the ridge slcpe at the base
of the almost vertiecal eliff formed in the massive
lavas, while in ¥hipple ¥esh the contset displays the
warping and approacheés the channel, although it is
still well up on the slope.

The Middle Segment. The middle segment
shows the most evidence of tilting, for the bedded
material dins on an average of asbout 40° to the south~
west,. The Copper Basin material in this section con-
siste of indurated, interbedded and interfingered
lavas and pyroclasties and sediments of about 600
foot thickness in the lower poritien of the section,

but in the upper part of the formation there is =
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thickness of up to 800 feet of well bedded softer,
coarse sediments. The beds show quite a variety of
dips all to the southwest; they average 356° to 40
in the steep slopes in the harder rocks of the
ridge, but out in the basin the softer bedded sedi-
ments show dips as high as 80°, with some overturn-
ing near the Copper Fault. Warping is not as evident
-in this segment as in the west segment, but it is
suggested in the steepening of the beds toward the
southwest. The contact between the Copper Basin
bedg and the Basemenit Complex on the northeast side
of the ridge, as usual, lies high up on the north-
eust side st the base of the steep ¢liff. The con-
tact is depositional, although it is not as easily
folldwed'in this segment because of a wide vertical
fault zone which cl osely follows the margin of the
cliff. (Figs. 17 end B8,)

Between the west and middle segments is an
area of complex but not intense faulting. This is
probably a zone of weskness in the Copper Bloek
brought about by the southeastern limit of the more

massive voleanic rocks of the west segment which give
way to thinner flows and pyroclastics.

The East Segment. The east segment begins
at Bandit Pass and extends southeastward to the Colo-

rado Eiver. With the exception of the Gene Canyon
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beds at the southeastern end of the block and small
remnant patches near the center of the northeast
side, the Copper Basin formation, which demonstrates
the structursl relationships, is composed of well
bedded coarse sediments of varying hardness. No
warping of the type found in the west and middle
segments is found in this part of the block. On the
contrary, the beds show a diminishing dip towsrd the
southwest and the Copper Fault. The average dip of
this segment is about 30° with the beds varying
generally from 45° to 20°. The contact between the
basement rocks and the Copper Basin formation is not
well exposed in this segment, for a zone of closely
spaced northwest trending vertical fsults follows the
northeast limits pf the Copper Basin rocks high up on
that side of the ridge. {Figs. 17 and 18.) 1In the
Copper Tunnel the contact was penetrated and found to
be depositian&l, showing a zone of weathering in the
basement material and the Copper Basin beds parallel
to the o0ld erosion surface, At the few localities
where the contact was exposed at the surface it was
found to be depositional with no evidence of slip-
page.

Near the mid-point of the norihe&st limit
of sediments there is a small pateh of Gene Canyon

formation. The uhcsnformity between the two Teritiary
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formations is clearly seen for the Gene Canyon beds
dip 65 to the southwest while the Copper Basin beds
dip 45 ° in the same direction. The extent of this
remnant cannot be defined beyond the area exposed,
for these beds were not encountered in the Copper
Tunnel.

At the southeast end of the Copper Block
there is one of the most extensive exposures of
Gene Canyon formation. The structure in this area
is difficult to unravel, for undoubtedly there is a
complication between post~Copper Basin and pre-Cop-
per Basin deformation. Pre~Copper Basin movement
cannot be judged Trom data obtained from such a
limited area. I have mapped only those main struc-~
tural’features which are clearly post~Copper Basin.
Tilting, if any, in this part of the area is not
clear in the Gene Cainyon beds, but in the narrow
slice block one capping of qupgr Basin material
dips as high as 45°. However, this cannot be at-~
tributed ﬁc tilting on 2 large séale, for other iso-
lated cappings in the same genersl sliced zone are
.nearly flat=-lying or prove to be down-dropped wedges
of material broken from the main block. The Gene
Canyon formation itself has a general southwest dip,
although it also shows éome folding and steepening

near its contset with the basement rocks.
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The Copper Fauls. Again it is evident
that the southwestern side of the main block is a
fault with the Copper Basin beds dipping down into
the basément rocks. (Plate 2. Because the fault
was recognized first in Copper Basin, it has been
nemed the Copper ¥Fault. The Copper Fault is well
exposed almost throughout its length and might be
conslidered the type fault of the interior faults.
The break can be followed easily Trom Whipple Wash
southeastward for a distance of about twelve miles
to the Colorado River just north of Pagle landing
whence 1t econtinues in the area eastward. The trace
of the fault is sinuous due to changss in dip, changes
in strike and differences in topography.

In the first 2 1/2 miles southeast from
Whipple Wash the ac?ual fault is poorly exposed. The
straight course of itd path up the steep itributary
canyon indicates & rather steep dip, at least steeper
than that recorded in the first point of observation,
lear the drainasge divide the slip surface is exposed
and shows a northeast dip of 45¢, which dip is sus-
tained until about 1 1/2 miles southeast of Copper
Bagin., Southsastward from this point the plane
steepené-and exposures show dips of about 60 to the
northeast. There is an indication of even further

steepening across the Colorado River to the east from



Looking southesst townrd the lower end of Copper Basin, shoving the
bedded character of the Corpper 3asin formation and the tilting of
tha Copper 3Block. The Copper Pault runs diagenally from narrow notch
in the skyline about an inch from the right hand side to the center
foreground.
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Looking southeast at the bedded Copper Basin
gediments in the tilted Copper 3Block.

Pigure 14

Looking southeast at an exposure of the Copper
Fault in a prospect shaft at the southeast end
of Copper Basin.



Figure 15

Exposure of the Copper Fault dirping north-
east near the southeastern emd of Copper
Basin. Copper Basin formstion in the hang-
ing wall and Basement Complex in the foot
wall.

Figure 16

Looking northwest at an exposure of the
Copper Fault near the southeastern end of
Copper Basin. Copper 3asin sediments to
the right; basement rock to the left.



the straight incision seen in the =z ir photographs.
(Plate 9.)

Through Copper Basin numsrous expocsures
of the Copper Fsult substantizte the dip and give
some ides of the movement on the fault. (Figs. lg,
L5 and 16.) Considerable drag is exhibited in the
softer sediments indicating down throw of the hang-
ing wall, Iun the central part of Copper Basin, op-
posite the middle segment, is a sharp overturned
syncline close to the fault. In the lower end of
the basin near the Copper Basin damsite the flatten-
ing of the beds from 45¢ to 20+ is probabiy due to
drag on & larger scale. (Figs. 12 and 13.}

The fault materisl is all well cemented and
weathered, and for the most part little evidence of
direction of movement is preserved. However, at a
point about a half mile southwest of the damsite near
the lower end of the basin & beautiful exposure of
the fault has been openea up by an inclined prosgeet
shaft., {(Figs. l¢ and 15.) This prospect shaft was
sunk in order to test the mining possibilities of
copper mineralization along the fault zone at this
peint. The hanging wall is clean cut and forms the
back of the shaft. Striastions zre parallel to the
dip, bubt no data were obtainable on the movements of

the two sides. 4 good exposure on the south side of



e
82

a wash about one mile northwest from the Colorado
River also showed vertical striations.

aAbout three miles northwest from the river
the fault map shows the Copper Fault éividing into
two branches toward the southeast. The south branch
was not mapped in the field but has been taken to be
present from & straight incision whieh continues on
both sides of the river in perfect slignment, seen
in the obligque air photograph {(Plate 9. This
southern branch cuts across rugged basement rocks,
keeping & straight course regardless of the eleva-
tion, so it must be steep or veritical. 1Its connec-
tion with the Copper Fault is clear.

The movement on the Copper Fault has been
also of the hinge or rotary type. The displacement
is greatest at the southeastern points near the Colo-~
rado River and éeereéses to nil northwestward just
beyond the VWhipple Wash, Whipple Wash has cut through
the capping of volecanics and the basement Complex-is
exposed deeply in the channel. The wvolcanics on the
northwest side of Whipple Wash are entirely surrounded
by basement rocks and at the point where the Copper
Fault should pass through this mass practically no
sign of displacement shows. The displacement at sec-
tion B-B' southeast of the wash is about 300 feet;

at section C~C', about four miles still farther south-



Pigure 17

Looking northwest along the zone
of steep faults on the northeast
side ¢f the Copper Block.

Figure 18

Looking southeast along the north-
east side of Copper Block —- West
segment .
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east near Bandit Pess, the displacement is about
2500 feet; and near the southeastern end of the
Copper Basin outcrops in the bloek, the displace-
ment is at least 3000 feet.

Fgults Within the Covper Block. Along
the northeast sidée of the ridge formed by the hard
tilted Copper Basin rocks, a fracture a few hundred
Teet wide continues prectically the lengith of the
block. (Figs. 17 and 18.) The faults in this zone
are very stesp to vertical. They are discontinuous
and tend to swing out into the basement rocks or cut
back into the Copper Basin beds where they are lost.
The zore is one of thin slices with some of the
pieces dropped Tarther or tilted more than others.

5 good example of this 1s seen on the northeast side
of the sast segment where = wedge-shaped piece of
Copper Basin formation has been dropped and tilted
southwest, while just southeast a portion of the Cop-
per bgsin material rests almost horizontally on a
relatively higher base. Continuing southeastward
this zone swings to join the Copper Fault just north-
west of the Colorado River,

No faults in Basement Complex are shown on
the map. This is not a true picture for, as reiterated,
the basement is notably fractured. The section in

these rocks penetrated by the Copper Tunnel shows many
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fractures which strike in a northwest direction and
dip steeply southwest.

On the ésuﬁheast end of the Copper Basin
outerons in the Couper Block a strong fault strikes
K70 % and dips 60 esnorthwest. The ares relationships
indiczte this to be a normal fault.

The Monument Peak Bloek.

Generasl Features. The Monument Peak
Bloeck lies southwest of the Copper Fault and embraces
a 1arg§r‘ar a than any of the blocks so far dis~
cussed. {(Plates 8 and 2.} The name is chosen from
[fonument Peak, & 18ll spire of voleanic rogck seen
for miles around and used as 2 itriangulation station
and prominent landmerk. {Frontispiece.} The bloek
extends northwest from the Colorado River st Cross
Poads to about two miles northwest of Whipple %Wash.
Its width averages about three miles southwest from
the Copper Fault. The block contains seversl promi-
nent northwest striking feults and some consnicuous
minor tilted Vlocks on the southwest side of the main
block.,

The rocks involved in the Monument Peak
Block sre parts of the Basement Complex, the Gene
Canyon formation, and the Copper Basin formstion.

The Basement Complex liss in the srea northesst of

the Honument Fsult and compleliely surrounds the
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voleanic ares to the northwest in the vicinity of
Thipple Wash. The‘&ene Canyon formation is, as
usual, sporadically represented by & fair sized,
complexly broken srea on the west side of the Colo~-
rado River et Empire ¥lst, a narrow fringe near the
base of the ¢liff on the northesst side of Honument
Peax,‘and g tiny pateh on the south side of hill
3?66. The Copper Basin formation covers the main
portion of the srea. It is composed of dark ande-
sitic lasvas snd pyroclastic in the high comparative-
ly flat-lying srea northwest of the folded area
{Fig., 18}, and is made up of brick-red, well bedded
sandstones and conglomerates in the lower lands to-
ward the Colorado River,

It is rether difficult to summarize the
structural adjustment of the Monument Peak Block
for it hes some characteristics peculiar to itself
as well as features common to the general area.

Northwest of Monument Peak and separated
from it by about 1 1/2 miles of basement rocks is a
lava capped ares which extends to the limits of the
bloeck beyond the Whipple Wash. The capping here is
up to 800 feet thick snd is entirely surrounded by
basement rocks, exposed in many places by the deep

ravines which have cut through the voleanics.

(Fig. 19.) PFaults which show considerable displace-



Figure 19

Looking southwest across Copper B3asin at the

nearly flat-lying Copper Basin volecanic of the
“onument Peak 3lock.

Pigure 20

Looking northwest across Copper Basin at the breken
but not greatly displaced area of Copper 3asin vol-

canics of the northwest part of the Monument Peak
3lock.
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ment to the southeast cut this part of the block,
but the movement hés not been great in this section.
In the immediate vieinity of idonument Peak the base
of the lava capping coniorms in elévation to the
bage of that to the northwest fo form the genily
warped surface as suggested by section E-E' and
Plates b and 6. sbout a mile southeast of the spire
the beds dip down in that directiod as much as 35°
after which they become gently u&dﬁlating to flat.
trogs-section E-E', taken in 8 northwest-southeast
direction, shows a monociinal structure with the
northwest limb brosdly warped and the southeast limb
gently folded.

Tilting of the block as & whole is not as
clear or intense s: it is in the blocks already
treated, but there is a tendency Tor the vlock to
dip slightly to the southwest. Two small blocks on
the southwest side of the HMonunment Peak Block and
bounded by the Baromebter Fault and the Camp Faull
show &s much tilting as the other larger blocks.

The relationship is shown on cross-section O-U' and
B~8'., & gentle upéwarping oceurs also in a north-
east~southwest direction. (Figs. 19 and 20.)

In s previous paragrsph it was poiunted out

that éhere is a certain amount of ground-up material

at the contact betwesen the Copper Basin formation and
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the Basement Complex., The point is that even in
this block the existence of a brecciated zone is
not universzl, but rsther limited in its ococurrence.
It is, therefore, thought $that the occasion for its
creation is loecal, |

Folds. The folds in the Monument Peak
Bloeck have been touched upon. Two anticlines and
two synclines occur in the ares of well bedded sedi-
ments northwest of Cross Roads. Proceeding south~
east Trom the Monument Peak area where the sediments
dip off the escarpment is a genile open syncline, the
axis of which can be traced for about two miles from
the Morument Fsult. The axis tends to swing a bit
north near its western end where the beds dip off
the higher mass 1o the southwest into Barometer Fault.
About 1 1/2 miles southeast of the axis of the syn-
cline is an anticline, both limbs of which dip about
25, The axis of this fold can be traced westward
from Mopument Fault for sbout 2 1/2 miles, but pro-
ceeding in that direction the dips become flatter and
the fold is lost in a general southeast dipping homo-
cline. The syncline which follows the antieline
sbout 3/4 mile southeast is still gentler, its limbs
dipping only =about 10°. This fold is traceable only
over about 1 1/2 miles southwest Trom Monument Fault.

The folds are cubt off by Monument Fault but the dips
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steepen nesr the fault.
Faults. 48 is the usual case in the
interior faults, the strike is generally northwest-

southeasst. In the discussion of the other blocks,

Fos)

the precominant faults have veen those on the south-
west boundary of the blocks with the other bresks
less definite. In thils case, however, the fault
best exposed over the lougest distance is oune near
the northeast limits of the block, while tlhiose on

the southwest side are shorter sud c¢lesar only at

B
t

certain localities. The major fractuves in the Honu-
ment Peak Block ére thie Monument ¥aull, the Barometer
fault and the Camp Fault.

She Honument Fsult runs near the noriheast
side of the block roughly psralliel ito the Copper Fault
and e¢an be followed for about eleven miles northwest
from the Colorado River at Empire Flat to about 1 1/2
miles northwest of Whipple ¥ash., (Plate 9.; The dip
is everywhere to the southwest and varies from BE® to
75°, Horthwest Tfrom the Colorado River Tfor about
4 1/2 miles the Monument Fsult is the boundery between
Coppér Basin Formation and Sasemsent Tomplex. For the
next three miles the fracturs is in the basement rocks
sné , although this might be considered indefinite, its
orolongation is clear, especially over the first mile

where the break is clean-cut and the zonse of breccla-



Figure 21

Looking northwest at an ex-
posure of the Monument Fault
in Copper Basin. Both sides
are in basement rocks.
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tion narrow. DNorthwest beyond this point the zone

of fracture widens to over 100 feet, but the severely
fractured area continues through to the southwest side
of hill 2760 where the fracture again becomes clean-
cut and can be followed through the volcanic cap
rocks to beyond Whipple Wash. The dip in the north-
west portion is about 75 ¢ southwest, in the middle
portion it is about 58 ° southwest (¥ig. 2}), and in
the southeast part it is about 75¢ southwest. In the
Whipple Tunnel this fault has a strike of N45¢W and

a dip of 70° SW.

This fault also demonstrates & hinge or
rotary action, increasing in displacement toward the
southeast. At the northwest end the displacement is
nil and throughout the nearly flat-lying volcanies
the movement is slight, not over 200 feet at the
most. In the centrsl part where the fracture is
wholly in basement rocks the displacement can only be
guessed., The indication of displacement from eross-
seetion C~C' is more than 500 feet, but at the fault
there is no basis for comparison and no escarpment
remains. In the southesst portion of the fracture,
Copper Basin sediments are in Tault contact with
basementvrocks and although there has been no means
of zoning the Copper Basin the volcanic beds are

‘probably below the sediments. The digplacement in



Figure 22

Looking southeast at an exposure
of the Barometer Fault. 3oth walls
of the fracture zone are Copper
Basin volecanics at this loeality.

99



g4

this area should be in the neighborhood of 1500

Barometer Fault, named from its location

in Barometer Vash, lies nesr the southwest side of
HMonument Peak Block four miles northwest of Cross
Roads. ?he fault strikes northwest and can be fol-
lowed definitely for itwoe miles throughout the length
of Barometer ¥Wzsh., The fracture dies out o the

southeast, snd its extension northwestward through

the basement srea 1s questionsble, In the srea of
flat-lying voleanics to the northwest there is evi-

dence of a break, but the =scetual locstion is not found.
However, consistent with othsr faults in this part of
the area the displacement is not great and its connec-
tion with the Barometer Fault would be in accord with

ha action of the other fractures of the interior.

ok

(&

The Baromster Fault ﬁigg northeast at an angle of 50°

3

o

{Fig. 22}, and forms the southwest margin of a

tilied lenticular slice ahout two miles long whieh

is defined on its northesst side by another northesst
dipping Tault. These breaks join at both the north-

west and southeast snds of the slice. DBoth fractures

ware encountered in the Whipple Tunnel and both

dip around 60 northesst. The dip of the beds

within the slice varies from 10° to 30° southwest,

while that of the beds to the northeast of this area



9%

is about 30° in the same direction to nearly flat-
lying in the main mass. These two faults are
probably part of & wide zone which includes the
next conspicuous Tault to the southwest, the Camp
Fault.

The Camp Fault is located on the southwest

margin of the Monument Peak Block Just southwest and
roughly parallel to the Barometer Fault, It can be
followed definitely for about three miles from a
point about three miles northwest of Cross Roads, .
southwest of the paved road to the ¥Whipple Camp.
Also toward the northwest through the area of base-
ment rocks the projection is uncertain and its con-
tinuation through the sres of broken voleanic ezpping
is presumed on the basis of a fracture in the nortih-
west area aligning with the Camp Fault. The Camp
Fault dips northeast at an angle of . 60° at its sur-
face exposures. Where 1t was penetrated in the
Whipple Tunnel the average dip of the fault was 50°
in = gpuge zone aiout thirty feet wide. The beds

in the narrow block between the Barometer Fault and
the Camp Fault dip. southwest about 328° indicating

a tilt of the bloeck of this amount. The Camp Fault
branches near the mouth of Barometer Wash, with the
northeast branch parslleling the main fault for

about two miles and then swinging back to join the
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Camp Fault to the southeast. This auxilisry fault
also dips to the northeast but about 15° more steeply
than the main one. If the extension into the north-
west area be correct, then there is alse e#idenee
on this fault that the displacement increases towsrd
the southeast, for in the lava capped area the dis-
placement is small while in the central part of the
fault the displacement has been of the order of 1000
feet.

hs mentioned in the discussion of the Baro-
meter Fault, it seems that this group of faults on
the southwest side of the Monument Pezk Block repre-
sent one zone of faulting half or three~quarters of
a mile wide with s combined nofmal movement. The
displacement is of the order of 2500 feet or more.
A1l of these parallel faults are normal and dip to
the northeast and it is likely that more detailed
mapping would prove them interconnected in a braided
fashion.

Faults within the Monument Pesk Block. In

the 1éw lying area of Copper Basin rocks northwest

of Cross Roads there are practically no faults. Even
the fzults of the southwest side of the block do not
extend through the area. In the area northeast of

the Monument Fault near the Colorado River where there

is shown & pasteh of Gene Canyon formation seversl
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minor faults occur. These faulis sre mappable but
there is no mesns of deciding whether or not they
are post-Copper Basin in age. The likelihood is
that they are pre-Copper Bassin for they are cut by
the idonument Fault. In the neighborhood of Nonument
Peak steep northwest trending fsults have smsll dis-
placements. (Frontispiece.) These are comparatively
small fractures in lava capping which has been
slightly tilted. Near the central part of Copper
Basin is & down dropped wedge of Copper Basin vol-
caniecs. The faults which outline this wedge é&ip to-
ward each other and are cut by the Whipple Tunnel.
The northeast fault dips southwest at 60° while the
southwest fault dips northeast at 45°,

After leaving the vicinity of Barometer
Wash the tunnel section eastward was under the cep-
ping of Copper Basin Tormation and was driven almost
entirely in basement rocks. Many fractures and fsult
zones were encountered and the genersl condition of
the rock corroborates the opinions already stated con-
cerning its shétte?eé condition.

In the northwest area around ¥hipple Wash
there are some secondary faults connecting the north-
west trending breaks, but they sre conspicuously few

in pumber and weak in efTect.
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The Southern Border areas.

General Features. In the area south and
west of the Monument Peak Block the structural evi-
dence is rather of & negative character. In the
high land area of the west only Basement Complex
exists, and there is no possihility of analyzing
this complexly shattered area from a structural
standpoint. However, I have had the temerity to map
a few feults in the southwest corner of the mountsains
from topographic evidence and a2 few actual exposures.
Positive structural festures are intermittent over
this large remaining area, but some indirect features
point toward logicsl inference.

In the higher area southwest of lMonument
Peak Block are several promontories and ridges capped
by Copper Basin volcanics. These include the ridge
connecting hill 2520 and hill 2870, 2 nearly flat-
topped ridge about three miles southwest shown as
hill 3380, ané a smaller promontory between the two
ridges. The contaet between the voleanies and the
basement is in every case one of deposition and the
elevations of the several contaects indicate a once
continuous connection. It is signifiecant to note
the lack of Tsulting or tilting in this ares, but
rather a broad warping upward ss shown on ¢ross-

section B-B',
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In the lower border area in the nelghbor-
hood cof Bennett Wash, sexcept in the immediate vicin-
ity southwest of the Camp ¥sult, the Copper Basin
formation is represented by bedded sediments slightly
folded near the northwest part of the Tertiary
covered area, but for the most part dipping gently
southeastward. Southeast of the Whipple Tunnel line
these Copper Basin sediments sre in depositional
contact with the bhasement rocks. 4 reconstructed
section northwest through this srea up Bennett Wash
to the higher slevations would bHe similar to eross-
section B~E' tasken through the Monument Peak Block.
This also would show & broad upwarp, appearing as a
nonocline tilting slightly to the scutheast. 4s a
matter of fact, sdjacent to the Colorado River no
fault occurs in the area between the Monument Fault
ﬁand the Bennett Fault.

In the Whipple Tunnel section southwest
from the Camp Faull to the Bennett Fault, the tunnel
passed through only Basement Complex. The fractures
in these rocks firmly established the point alresdy
mede eoncerning the intensity of the deformation of
the basement rocks. HMany of the fractures are
faults with zones of gouge and brecciation up to 100
feet wide. DNone of these faulis is direetly trace-

able on the surface, for the basement rocks at the
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surface also exhibit the completely shattered con-
dition and no clear physiograsphic discrimination of
faults is seen. However, a branch from the Benneti
fault is shown to connect with a particularly strong
gone of faulting found in the tunnel; on the olher
hend, there is no suthority to project the fault be-
yond the tunnel line.

The bennett Fault. The Bennett Fault is
poorly exposed, but none the less ceritsin of existence.
It can be traced west-northwest from the Colorado
Biver about one~half mile south of B.M, 371 for a
distance of about six miles. The fault is shown by
the contact of Copper Basin sediments to the north
which dip gently into basement roecks. 4 few actual
exposures of the fault zone in the viecinity of the
river are so weathered that direct observationm is
unrelisble. Over the remaining distance of the Ben-
nett Fault trace alluvial éepoaits cover the zons
and its existence is verified by outcrops of Tertisry
sediments and basement in close association in the
wash channels. The itrace of the fault is drawn rather
straight on the map and would indicate a steep or
nearly vertical fault, but in this area covered by
alluvium the slope to the mountains is gentle and
the fﬁélt would conform to the northeast dip found

in the Whipple Tunnel. The exposures near the Colo-
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rado River yield uncertain dips of the order of 60°
northeast, whereas the mors certzin dip in the
Whipple Tunnel shows 65 ° northeast.

About four miles northwest from the Colo-
rado River a branch fsult leaves the Beunnett Fault
toward the north. This branch feult also dips north-
east aboubt the sanme amount as the Bemnedt Fault and
is traced for two miles by its actusl sxposures and
the abnormal dipping of the Copper Basin sediments
into basement. The fault is projected to connect
with a strongly faulted zone encountered in the Whip-
ple Tunnel., The action on both the Bennett Fault
and the branch fault is normal, with the northeast
block depressed.

About a half mile northwest From the point
where the first mentioned branch fsult leaves the
Bennett Feult, the Bennett Fsult bifurcates to cnclose
s wedge~shaped block. This small narrow block near
the west portal of Whipple Tuaﬂsl is tilted slightly
to the southwest, but is capped by Copper Bssin vol-
canics. Underlying the voleanics unconformably are
steep~dipping flaggy impure limestones and buff
sandy shales which are designated as Gene Canyon
formation. The south branch of the Benneitt Fault
encountered in the tunnel dips northeast at 8D

while the north branch of the same fault dips south-
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west at 70 % thus forming a tilted block similar to
some of the larger bleeké to the northesst but on s
smaller seale.

Other Esuiﬁs in the Southern Border Ares.
South of the Bennett Fault sbout a mile or hsll nmile
is another fault, the dip of which is uncertein.
However, near the river, in the block enclﬁaeé by
the&@ltwo faults, Copper Basin volcanics overlie
bagement rocks, and steep snd somewhat Tolded Gene
Canyon beds in the vicinity of the Bennett Fault.
At the south faull the voleanies ars eut off., Inas-
much as the Gene Canyon beds are exposed still further
south with capping of Copper bBesin voleaniecs in
patches 2t slightly higher elevations, it is presumed

that movement on this fzult was such that the north

oy

side was depressed. In the sectlon this Tsult is

3

indelinite because of the inability to ob-

o0

thown &

&}

serve & dip. On the fault map it has been drawn
solifd because its existence is certain even though
younger alluvial materiasl covers & considerable
portion of the trace.

Llong the southern border of the mountains
the Copper Easin beds oulcrop in isclated and rather
widely separasted patches. These cuterops are, for the
most nart, warrounded by Basement Complex or show

cutwash materiasl lapping them on the south side.
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Gnly one or two patches have alluvial msterial on
all sides.

The farthest east ocuterop of Copper Basin
rocks has a vertical fault pzssing parl way across
the north side of the outecrop, bub along the north
side of the wesiern end of this ridge of voleanie
material the rocks are in direct undisturbed contact
with the bagement. The contact appears to slope
gently south from the hills. %he veriical fauit
shown along the norih side of this ridge treuds
northwest and is in aligument with an indicated zone
of frescture through the basement rocks. {Plate 3.)
Following this projection the topography seems in ac-
cord with & Irecture in this line. There is certsinly
a through fault along this line, but whether this
feulting is post~Copper Basin or not is indeterminate
for there is no sﬁcafpmenx and no means éf estimating
the amount of movement. Only & small displacement can
be assigned this fault on the basis of the GbgerVaw
ticns taken where it 1s seen in association with the
Copper Basin volcanies, but the relstive movement
seems to have been such that the south side is de-
pressed.

What has been said about the above fault
may be repeated for the two faults shown farther

southwest, with the exception that the scuthernmost
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fault seems to have had the opposite movement: that
is, the north side is depressed.

The point to be brought out in this connec-
tion is that no fsult was found = long the southern
bofder with sufficient éisgl&cameﬁi in post-~-Copper
Dasin time to account for the elevaiion of the ¥Whipple
Mountains. Physiographieslly there appears 1o be &
fault beitween the Yertiary low-lying paiches to the
southwest and the high land pre-Cambrisn rocks with
Tertiary capping tc the northesst. Yo the conirary,
in the rfield the evidence points to normal deposition
of the Tertiary materisl, now much eroded, lapping up
on the basemert rocks. (Pletes 3, 4, & and 6. Cross-
section EB~E' shows 2 broad upwsrping of the mounte ins
to account for the difference of elevation, The
faulis shown are probably relic faults with slight
resumed movement in post-~Copper Basin time.

whipple Fault. The Whipple Fault is the

largest and most importent fauli in the ¥hipple Moun-
tain arsa. Horeover, sxtended Tield work will no
doubt prove this Tault to be one of regional signifi-
cance, In the Whipple Mountain area this f8ull can
e followed clesrly over = aistance of twenty~Tive
miles; its path forming e broad srec which cutlines

mits of ithe mountains., Hegional

ot
f it

"the north and east

physiographic maps of the desert mounteins of southern



Figure 23

Looking east toward north face of the Whipple MYoun-
tains. The dark hills are Copper Basin beds on the
north side of the Whipple Fanlt.

Looking west along thz strike and crushed zone of
the Whipple Fault in the vicinity of Vhipple Vell.
The wide saddle in the distance marks the path of
the fault.
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California indieste the probability of the Whipple
Fault extending many miles westward.

As the steep northwest side of the
“Whipple Mountains is viewed from a distsnce of azbout
ten miles, one is‘immadiataly impressed with the
probability of this sbrupt slope being due to fault-
ing. (¥Fig. 25.) The crest line of the Whipple
Mountains runs in a genersl east-west direction and
rises about 2000 feet above the outwash covered areas
to the northwest, The existence of the fault is not
obvious at first observation, for the escarpment has
retreated a few miles south from the asctual fault.
The topographic msp, a@s well as vertical air photo~
graphs, indicates that the fault should lie close 1o
the base of the slope. Even in the field one feels
that east-~west sitriking faulis should exist not only
near the base of the slope, but also within the es-
carpment because of the perfect alignment of ridge
ends and interior saddles. Refuting these ldeas is
the absolute lack of fault evidence within the es-
carpment. Along the north side of the mountains the
covering of outwash materisl in front of the range
is thin for & distance of about four miles and the
basement rocks are exposed in the siream beds.
(Fig. 24.) The north face of the mountains was

climbed in several places and it was found that the



Figure 26

Looking southeast along the strike of the Whipple
Fault about a mile west of Whipple Wash. Basement
rocks are on the right of the lighter area which
marks the fault trace; Copper Basin sediments are
$to0 the left-

Pigure 26

Looking northwest from the same locality as
Figure 26. The trough marks the path of the
Whipple Pault. Note the curve to the left of
the dark pyramid form. Basement rocks are to
the left, Tertiary tc the right.
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metamorphic rocks, consisting mainly of schist with
thin guartzite lsyers, dip regulsrly off the mountains
to the northwest. This is the prevailing condition
throughout the lengith of the north flank and there is
no evidence either of east-west faulting or of the
northwest faulting so prevalent in the area discussed.
(Plates 15 and 16.)

As has been stated, the Whipple Fault can
be followed easily for about twenty-five miles along
the north and east Tlanks of the mountsins. The
trace describes a broad arc with the mein ecurvature -
takiné place in the neighborhood of Lititle Chemehuevi
Valley. (Plate 16 and Fig. 26,) The curvature is
not appasrent at first, for that segment of the fault
which follows the Colorade River is parallel to the
interior faults, (Plates 14 and 17.) It was thought
at first that the fault northwest from the Williams
River mouth was another fsult of that type. CLareful
field studies in the area of curvature proved the
arcuste condition.

Aectual exposures of the Tauli are found in
many places, but the dip is observable only in a few
1aaalities'fer the zone of fracture is so wide and
the crushing so intense that data on the movement
sre impossible to obtain. The actual zone of faulb-

ing was discovered near the western border of the
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guadrangle in the neighborhood of Whipple Well,

one mile north from the base of the escarpment.
(Fig. 24.) Here the zone of intense erushing and
brecciation is at least half & mile wide. This
fraetuéed erea is bounded on both sides by basement
rocks. The zone can be followed northeast from the
margin of the guadrangle for about seven miles whence
the zone narrows and follows a trough for snother
five miles. (Plates 15 and 16.) In this second
gsection of the fractured zone a decided trough is
developed along the strike of the fault and the
streams flowing northwest from the mountainz are
pérceptibly offset to the east. The lower north
hills are separated from the msin mass of the Whip-
ple Mountains by this fault. These north hills
show & northwest grain to their fault system similar
to thset of the interior section, but on a smaller
scele, {Plate 15.) Although the sctuml junction
of any of the northwest fsults of the north hills
and the ¥Whipple Fault is hot seen, as far as they
can be followed o drag to the east is indicated.
They may possibly branch from the Whipple Fault,
but if that be the case it is likely that these
faults would not have a course so nearly at right
angles to the Whipple Fault. The rocks on the
north side of the Whipple Tault are different from



Figure 27

Looking southeast at an excellent ex~
posure of the Whipple Pault abcut a
mile west of Whipple Wash. Note that
crushed zone is composed mostly of
basement material while the soft sedi-
ments on the left are only slightly
altered.
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those on the south side. To the north Copper
Basin sediments and volcanics sirike into the
¥hipple Fault and dip generally southwestward,
Even the basement rocks of the north hills are
different, as they are made up mostly of contorted
gneiss penetrated by many dikes, while to the south
the bagemenl is schist which dips evenly northwest-
ward,

About a2 half mile north of the "three-
Tingered” ridge the Whipple Fault swings esastward
and heads toward B.M, 405 scuth of Murray Flat.
{Plate 1¢.} Some of the best exposures of the fault
are in this serea, for Copper Bassin gravels sre found
in fault contact with the basement rocks. The sctuazl
fault is exposed best about & guarter of a mile west
of Whipple Wash and an average dip on the rather
clean cut hanging wall is about 65 northeast.
(Figs. 28, 26 and 27.) The Copper Basin beds sirike
into the fault in this area. 4lso a glight depres-
sion follows the line of faulting. Across Whipple
Wash the Tault is covered by younger slluvial de-
§asits, but it is seen on both banks of the wash.
Banst of Whipple Wash the f=ult is actually exposed
in the deeper ravines but the intervening areas are

covered by outwash material and older river gravels.
However, here Copper Basin volcanies occur north of
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the fault, while to the south is basement materisl.
{Plate 17.)

At B.M., 405 the Whipple Faull swings south-
ward to assume a northwest-scutheast strike, closely
following the course of the Colorado River at this
peint. That the fault exists here is c¢lear, for
basement rocks are on the southwest side of the
river while all slong the northeast side of the
river ag fer as and beyond the Williams River are
southwest dipping Copper Basin beds. About 1 1/2
miles up the Williams River from its mouth the fault
is agein sctually exposed in a side canyon on the
south side. Here the fault dips northesst st an
angle of 68 .

The zone of brecciation along the fault is
mostly composed of erushed basement material. It is
significanﬁ to note that the Tertisry rocks show
little mutilation, on either a large or smell scale.

Minor festures within the feult zone which
might present proof of the direction of movement are
lacking. The direct evidence of areszl distribution
of the rocks points itoward the fault being normal;
the plane dips away from the mountains at about 69
wherever the actual frsciure is exposed; Tertiary
beds strike into the fault and basement rocks from

the hanging wall side on the north limb of the arc;
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Figure 28

¥inor normal faulting in the Base-
ment rocks adjacent to the Whipple
Fault. View looking northwest.
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Figure 29

Exposure of 3asement Complex in North Hills,
showing lack of arrangement of dark dikes.
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they dip into the fault and basement rocks on the
east limb of the are; minor faulis within the bhase-
ment rocks of a few feet displacement in the immediste
viecinity of the Whipple Fasult are clearly normal and
roughly parallel to the major fault. (Fig. 28.)

Assuming displacement parallel to the dip,
and projecting the Copper Basin beds 1o extend ascross
the mountains, the total displacement on the Whipple
Fgult would be at least 4000 feet. However, certain
features in association with the Whipple Fault point
to a horizontal compouent: there is indiecation of
drag to the east in the fault pattern of the north
hills; the streams from the mountains have been off-
set to the east in the fzault trough area.

The North Hills. The North Hills is that

group of lower hills lying north of the Whipple Fault

in the ares of curvature on that fault. They cover

an area ol about ten square miles. The rocks of

these hills are Copper Basin volceaznices and sediments

and Basement Complex, all in a wvery complex assocliation.
The basement rocks are gneiss and contorted schists shot
through with many dark dikes. (Fig. 29.) The Copper
Bagin formastion in the eastern part of the hills is
composed of coarse sandstone and gravels consistently
dipping southwest and striking into the Whipple Fault.

In the central and eastern part, the Tertiary is not



116

Figure 30

Steep fault in the Iorth LEills. 3Both
walle of the fracture zone are com-
posed of Copper Basin volcaniecs.
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eonsistent'either in lithology or structure. There
is a2 complex Jumble of voleanic rocks with oceasional
apparently interbedded sediments. The whole bloeck is
S0 Taulted that accurate interpretation is impossible
on the€ scale of mapping used. The structure is enig-
matic and the generalities concerning this part of
the areas well may be wrong.

Many Taults are well exposed in the Norih
Hills, and those mapped are considered to be the most
important and characteristic. (Fig. 30.) There is a
general northwest trend to most of the faults and they
‘show an interconnection so that the pattern over the
whole area is braided. The movement along the faults
has been such that a complex srrangement of upthrown
and down dropped blocks has resulted. Cross~section
A-4', northeasti~southwest through the hills, is more
schematic than sctual.

The north side of the North Hills is a
rather steep front which follows & general east-west
alignment. This physiographic feature may be the
expression of a concealed fault (not mapped) which
is similer to and parallel with the Whipple Fault.

If such a fault exists, then the structursl eom~
plexity of the North Hills could be explained by
thair beling part of a squeezed'bloek between two

ma jor faults, bubl possibly of regional significance.
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Unless there is sufficient proof, it is
dangerous to make any statement regsrding a possible
source of the voleanic material. XNo proof of the
actusl source of the Copper Basin lavas was found,
but in the northwest part of the North Hills there
is such a varied mass of voleanic rocks with vague
coneentric arrangement that a possible source in
this area is suggested., More detailed work in this
area may lead 0 a conclusive idea on this subjeect.

Mechanics of Deformation

General Hesults of the Movements., Features

significant in the interpretstion of the deformation
in the Whipple Mountains are well exposed. Attitudes
of the sedimentary strata are rsadily observed; con-
tacts are guite distinet and easily followed; and the
position and dip of the major fauli surfaces bounding
the individual blocks are known from good exposures

on the surface and underground in the several agueduct
tunnels. The nature of the movements can therefore be
expressed with confidence. However, as previously
pointed out, lack of stratigraphic marker beds pre-
cludes ascecurate gquantitative estimates of movement.
Even though the excellent exposures afford much relisble

data, opinions regerding the results of movement are

gqualitative.
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Two major systems of faults have been dis-
cussed: the arcuaste fault which outlines the moun-
tains on the northern and northeastern limits, and
the interior faults which trend generally northwest
and bound tilted segments of the mountain mass. In
every case the faults are normsl. The Whipple Fauli
dips sway from the mountains which are relatively up-
lifted. kost of the interior faults dip northeast
and the blacks which they outline are tilted to the
southwest. It is significant that these latter frac-
ﬁures are grouped somewhst in the northeastern psrt
of the area and that the displacement along each one
inereases toward the southeast. The gensral result
of the uplift is a broad erching of the arsa to form
an elongated dome, now broken by the block faulting
in the northessiern portion.

Relative Ages of Major Feult Systems. It

is imgossible to date the time of inception of fault-~
ing accurately. This is true of the interior faulls
as well as of the Whipple Fault. The opinion has been
stated that the major faults probably were active
prior to Copper Basin time, then followed & period of
guiescence during the deposition of the Copper Dasin
formation after which the faulis underwent renewed
movement., The sctivity of tie faults ceased prior to

the deposition of the FPleistocene and recent seaiments.
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There is no actual proof that the interior
faults are either younger or older than»th& Whipple
Fault. The interior faults end hefore they reach the
%hip@le‘yault, so sither case might be satisfied.

The interior faults outline blocks tilted to the
southwest, and the east limb of the Whipple Fault is
the boundary of a similarly tilted block northeast of
the Colerado River. Inasmuch as the movement on thsi
part of the Whipple Fault is the same zs that of the
northeast dipping faults in the interior and the strike
of all the faults is similar, 1%t is reasonable to pre-
sume that the fasulting is contemporaneous, at least

in the period of renewed activity.

Deformation of the North Hills is regarded
as secondary to thet of the Whipple lountains. The
faulting'is complex and defies solution on the small
secale map used and from the data obtainsble. The
northwest fauits of this ares are generally steeper,
closer SQaéeé, and less consistent in their attitude
than those within the wWhipple Mountains. These
features in the Horth Hills may be older than the
Whipple Fault, but it seems more likely that they also
are closely related {o this éajar fault. 4 possible
break parsllel with and similar to the Whipple Faultd
is suggested slong the north flank of the North Hills
If this be tfne, the faulting within the North Hills
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could be due to complex deformation in s bloeck bounded
by two parallel major faults. There is no proof of
that idea, however, but this situation would be in asc-
cord With;the braided feault pstitern, the apparent
gastward swing of the larger faulis, and the time of
faulting.

Relative ages of Tilting and Faultineg., It

has been shown that tilting and faulting has oceurred
in the northeast part of the Whipple Mountains. The
blocks have been tilted a2s high as 45° and the faults,
which are normasl, dip as low as 40° I have no sx~
vlanation at the present time why the tilting should be
s0 high and why the dip of the nsrmal faults should be
so low. It is believed, however, that the fracture
planes were tilted as well as the blocks. Also, the
stratified rocks which demonstrate the tilting are
merelj passengers on a much deepsr block; the Tertiary
mantle, even the softer portions, is remarkably intact
while the basement is broken by faults. Apparently
most of the adjustment necessary in such tilting was
taken up in the basement rocks.

It is possible that the tilting of the Ter-~
tisry beds occurred before or after they were faulted
or elée the two processes went on together, 4n analysis

of a similar case was made by Hansome, Emmons and Garrey
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in their study of the Bullfrog Disﬁrict.l They con-
cluded that in that district the tilting and faulting
probably operated at the same time, for the following
reasons: (1) "The absence of faulted but untilted
rocks of later sge than the lavas points toward the
conclusions that the lavas were not tilted very long
before they were faulted”; (2) the absence of tilted
but unfsulted sediments of a later age points to the
conclusions that faulting and tilting went on together;
{3) "there is little variation of dip within single
blocks"™, which "fact further suggests the interdepen-
dence apnd ccontemporaneity of the faulting and tilting."
Conditions in the whipple Mountains are in sccord with
these conclusions.

Fault Movements and Displacements. There are

insufficient data from which to draw coneclusions con-
cerning a horizontsl component on the Taulting in the
#Whipple lountains. Possibly extension of field ob-
servations and further study may yield material for
determination of the importance of this movement. The
character of the data obtained msde 1t advisable to
consider only the more apparent vertieal displacement.
Even these estimates are inaccurate and should be con-

sidered relative.

1. Ransome, ¥, L., Emmons, W, H.,, and Garrey, G. H.,
Geology and ore deposits of the Bullfrog E:striet
Nevada. U.S.G.8. Bulletin 407, pp. 82-89. 1910.
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The northeast-southwest cross-éeetions show
the several blocks in the northeastern portion of the
mountains tilted to a similer degree. It is also evi-
&en£ that the blocks become more depressed toward the
ﬂcfiheast. The block northeast of the Whipple Fault
and the Colorado Hiver shows the greatest amount of
sinking. while the ﬁvnqmant tloek hss been tilted only
slightly and depressed relatively & small amount. It
should be recalled that the interior faults have had
a rctary'mcvement'with the ﬁispl&cemeﬁt inereasing
from zero in the central area to as much as 3000 feet
to the southeast. This rotary effec¢t is especially
éviéent on %hé Gene, Spring and Copper Faults.
| Doming., The broad structural feature of the
" whipple Mountains is & faulted dome, extending roughly
east-west, Cross-sections taken in any direction
through the higher parf of the range indicate this
condition. (See cross-sections B-B' and E-E' and
Plates 2, 3, 4, -6, 7, 8, 9 and 11.) The major part
of the range consists of Basement Complex, but patches
of Tertiary rocks remain,“ It is likely that the Ter-
ﬁiary mantle at one time covered the entire area, for

the correlation of the remnant pieces strongly sug-
gest such & distripution. MNoreover, the attitudes of

the beds indicate warping rather than fzulting to

secount for the mein differences of elevation in the
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widely separated patches.

along the southern and southeastern borders
of the mounteins the Tertiary beds dip gently away from
the mountains and their bases can be projected to join
with interior remnants. Fsulting which is found in
this pesrt has had slight movement in post-Copper Basin
time and evidence of doming has not been obliterated.

Along the northwest face of the range the
metamorphie rocks dip regularly northwest toward the
Whipple Fsult with no pronounced fsulting within the
slope. This slope might be deemed to reflect the dom-
ing in the basement rocks. In other localities the
warping is shown in the relationships of the Tertiary
beds. (See Pletrs 2, 3, 15 and 16, )

In spite of the spparent connection with the
various tilted blocks an alignment of the e¢spping rocks
¢learly shows a warpéd slope to the north in the ares
northwest of ¥hipple Wash. {(Plates 11 and 16.)

The svidence of warying in the Honument Peak
Block is discussed under that heading. It is stated
that Cross-seciion E~E', tsken in a northwesi-south~
ecast direction, shows & monoclinal structure immediately
southeast of Monument FPeak. Northwest of the monocline
the formations are broadly warped and to the southeast

they are gently folded.
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The dome of the Whipple Nountains is outlined
on the north and east flanks by the arcusate Whipple Fault
which dips away from the mountzins. The northeast area
is cut by & series of northwest trending normal faults
roughly psrallel to the eastern portion of the %hipple
Fault. The time of the inception of faulting cannot be
determined definitely, but both sets of faults are no
doubt relics of earlier sctivity, with renewed move~
ment in late Tertiary. In every case of major faulting
the associated breccistion is composed of basement
material, while the softer Tertiary beds show little
mutilation., Inssmuch as no evidence of great compres-~
sional force exists, the doming is attributed to verti-
eal Torces acting over & broad esst-west ares, but
most effective nesr the northern central part of the
mountains. Failure of the rocks under the vertieal
forees ereated the Whipple Fault ss well gs the inter-
ior faults on the eastern flsnk of the dome. The up-
1ift is elongate in sn east-west direction but de-
cﬁeases westward. VWestward, outside of the ares
mapped and south of end in alignment with the projec-
tion of the Whipple Fault, are low hills and isolated
peaks of Copper FBusin voleanies. {See Plaste 21.)

The elevation of these features corresponds roughly

o that of similsr patehes nlong the southern border,
K ) & doming and uplift

It is conecluded that the amount of
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south of the Whipples decresses westward.

Negative Conclusions. Several negative

conclusions are summarily pressnted.

_ l. The bloek fauliing within the Fhipple
#ountains is not of regionsl sxtesnt. The bloeks arse
not of the so-¢alled Besin-BRange type. The northwest
trending normal faults outline minor tilted blocks
within 8 larger structursl unii. These fractures do
not extend through the mountains, but generally ter-
minate near the central part of the larger mass giving
a rotationsl character to the movement. However, the
steep escarpment and the Whipple Tault slong the north
side of the range give an easi~wesi orienistion to the
mountains practically at right angles to that of the
basin ranges.

2. Eﬁiﬂeﬂeagaf large compressional forces are
not present, and it is considered unlikely that the
doming is the result of suéh action. Thrust faulting
which might have invelved the Tertiery mantle ss an
over-riding bloeck on the Bssement Complex has been con-
sidered and ls regarded as untenavle. Without resort-
ing to fanciful associations the deformation suggesied
by tﬁ@ éiraat evidence cannot be explained by thrust
action which might have involved & block of basement

material.
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3. Deformation has not occurred in this ares
since pre~Pleistocene time, The post~Tertiary beds
within the district apparently are not faulted or folded.

4. HNo direct evidence is found by whien the
uplift and faulting in the mountains could be attributed.
tc the intrusion of megma.

Possible Czuse of Deformation. The foregoing

discussion is more or less factual, with the idez of
reserving inferentisl ststements for these later sec-
tions of the paper, especlially those ideas regarding
the possible csuse of deformation znd the origin of the
Whipple iountains, as well as the regilonal relstion-
ships. Geologiec studles in adjacent areas are cursory
explorations, made for the most part during the period
5f early ﬂational surveys, with a decided lack of detail.
None of the surrounding ranges hss been mapped; so any
statement regardimg a'relationsﬁip with the ¥hipple
Mountsins is tentative and subject to revision in the
light of new information., The region is isolated with
regafd to other detailed studies; so little a1d can bs
obtsined from any previous work. It is not diffiecult
tb’ﬁetergine what has happened in the area worked, and
these conclusions have been expressed with some confi-
dence. On the other hand, it is felt that the examina-
tion of a much more extended region is needed in order
to determine with any degree of certzinty the causses of

deformation.
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The opinion is stated that the normal fault-
ing is the result of failure of the vocks under verti-
cal Torces. The movements are relative and may be due
to the mountain mass rising or adjoining areas, prin-
¢ipally to the north and east, subsiding. The arching
effect evident in the mountains indiestes uplift in
that region. This condition is in line with the pre-
vious history, for it 1s possible that the Whipple
dountains represent a positive block which has under-
gone periodic vertical changes. The intrusion of s
granitic megma into pre-~Cambrian sediments probably
representis one period of uplift; the metsmorphism of
this series indicates & later time of subsidence. lo
Péleozoic or Mesozolc rocks exist in the nmountains al-
ihough formations of these ages are known to be present
in some of the surrounding ranges. ©Such Tormations may
have been deposited and later eroded, or the block
possibly stood high during these times and recelived no
depositlon. Thé former case would illusitrate the fluc~
tuation up and down of the area, and the later case
wouldé indicste the tendency for the block to retain an
e;evated position.

The patch of "new granite” in Copper Bsasin
may represent & Mesczoic intrusion; at least it is

later than the granite gneisses of the bassement. This

evidence of later intrusion together with the accumuls-
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tion of Tertiary volcanies in the Whipple Mountains
and the still younger, possibly Guaternary, lavas in
the adjoining area to the east perhaps signify that
the region is one of magmatic activity. The rise of
the bloek and the warping of fthe surface formations
may then be due to the intrusion of magma in post-
Copper Basin time, albeit no pooofl of this idea. is
known.

Bast and northeast of the Whipple Nountsins
in the so~called Bill Williasms country, the formations
eguivalent to the Copper Basin formation are overlain
by a considerable thickness of flat-lying lavas. These
iater voleanics probably extended over many tens of
sguare miles. The Copper Basin sediments likely sccu~
mulated in a low-lying basin surrounding the Whipple
-Mountains area. The load of sediments in the basins
may have opposed the ﬁplift of the %hipple Mountains
and inténsifie& the tension faults near the borders of
the uplifted block. The rotational effect observed on
the ﬁormal faults in the northeastern part of the ares
may be due 1o relatively greater sinking of the Bill
Williems country under load.

It is also possible that the doming is only
apparent and that the Whipple Mountsins represent a
large block, tilted to the southwest. 7The Whipple

Fault would then be a boundary fault along which the
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greatest amount of movement took place, and the interior
faults would be adjustment faults near the northeastern
end of the larger unit. The southern border areas
would represent a region of relative depression. If
this be the case, the probabilities are that the Whip-
ple block is just one piece in a great mosaic of
structural bloeks in a much more extended region.

The writer feels the inadeguacy of these pos~-
sible csuses of deformation,wbut he recognizes the need
of widening the scope of observation., It is also be-
lieved that the deformation is not due to local causes
but is the result of regional tectonics.

Regional Relationships

"One of the geologic provinces of Southern
California is that of the Transverse Ranges, "dis-
tinguished by complex ranges snd valleys with a general
east~west trend.“l Aithough Heed considers this pro-
vince in the light of evidence in the coastal area he
further states, "Some of the desert ranges in the south-~
ern ﬁohave desert region should probably be included.”
This concession was made in view of the earlier state-

2
ments by Hill. Hill wrote, "There are physiographic

1. Reed, Ralph ., Geology of California. A.A.P.C.
Bulletin. 1933.

2. Hill, R, T., Southern Cglifornia and Los Angeles
Farthquakes, v. 86. Los Angeles, 1928,
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complexities on the Desert Side Jof the San Andreas
fault/ which we do not as yet venture to interpret.
These are produced by the meeting and, at times,
erossing of Grest Bssin, Transverse Belt and»Nsrth~
west~Southeast trends in that region. The Hast-West
fault lines of the Transverse Belt continue through
the region with undiminished displacement...” In
another part of his payeri Hill further states: "No
more interesting geologic features exist in Califor-
nia than the Taults and folds erthé great Transverse
Eelt which, as previously mentioned, extend in irregu-
lar sequence and sometimes indefinite expression from
the westernmost end of the Channel Islands eastward

to and beyond the Colorado River into Arizona, where
they are associated with the southward discontinustion
of the Colorade Plateau. These features are reflected
in the'yelief of both ses and land, and on both the
Pacific and Desert sides. Among the highlands which
are delineasted in part by the east-west structures are
the'Sanxa ¥nez, Santa Monica, San Gabriel, San Bernar-
dino, Little San Bernardino, Fagle, Pinto and others,
and more or less the Apacapa group of islands. The
Sante Barbara Channel, the Foothill Valley, Rabbit

Springs, Dole and Chuchwalla Valleys are some of the

1, Hill, R. 7., on, e¢it., pp. 1l36~137.
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lowland features which accompany these Transverse
structures.” Adied acceptance of Hill's ideas is made
by Noble who stated:l "The recognition by R. T. Hill
of a great series of approximately east-west faults,
which are cut across by northwest-southeast faults of
the San Andreas system, seems to be well founded in
fact."

The Whinple Mountains appear to belong to
the province of Transverse Ranges. The mountains
themselves are oriented, in a broad way, east-west;
the oval dome structure also extends in that direction
and the major fault feature of the area, the Whipple
Fault, strikes esst-west. The Whipplé Peult appears
to extend westward scross the lowland area toward the
southern part of the Turitle Mountains.

Toming is not unusual along the Transverse
Belt, for a similar feature was described by Harder
in the Fagle Mountains. Harder stated: "The broad
structural feature of the northern third of the Hagle
Mauniain -~ that is, of the portion consisting of
sediments and intrusive granites -- is an oval dome,
extending in a general sast-west direction." He

further mentions that the doming of the Eagle Mountains

1. Koble, L. ¥., The San Andreas rift in the desert
‘region of southern California. Carneglie Institute

. of %ashington, Year Hook 31, 1932, p. 360.

2. Harder, XZdmund C., Iron ore deposits of the Eagle

Mountains, California. U.S5.G.5. Bulletin 503, p. 22.

191z,
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was accompanied by grest faulting Harder's findings

were latser corroberated by Seharf1 who described the
north Tront of the Ea@i@ Mountains as "a steep rec-
tilinear east-west scarp, interrupted by only a few
canyons of any size" and extending for about ten
miles. The time of doming and faulting in this latter
range agrees with that of the Whipple Mountain sirue-
tures.

I the age of the Tertiary formstions in the
#hipple Mounteins be correct -- that is, Oligocene or
%iagame ~- it is not surprising that the overthrust-
ing is not found, at 1east that whieh might be con~
nected with the belt of overthrusting extending from
southern Alberia to southern Hevada. To guote Eewettzg
"Also the svidence is ineressing that there is an ex~
tensive belt of overthrust faults that extends from
northern Hontana southeastward into Wyoming and eastern
Idzho and Utah., In some places these have been proved
to be sarly Hocens and in others later Eocene. The
belt of averthrusts»of southern Nevada appesrs to be
the southern extension of those known Tarther north
and may have the same age. Al present the writer favors

this interpretation.”

1, Seharf, David, The Quaternary history of the Pinto
basin, Southwest #useum Pspers N, 9, p. 13. Harch

_ 1936,

2. Hewett, D. ¥., Geology and ore dsposits of the Good-
springs wuadrangle, Fevada. U.S.0.8. Prof. paper
lgg’ P‘ bﬁl 1951-
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& regional physiographic map shows the ad~-
jacent renges to the north and east to be oriented
northwest-southeast, more nearly in sgreement with
the orthodox Bssin Range type. The Whipple Mountains
probably are a border range in the Transverse Belt at
the southern end of the bBasin Renge Province. Just
what the position of the Whipple Mounitains is rela-
tive to the extension of the Transverse Belt eastward
will depend on more extensive examinetion of the
desert ranges along this belt. It would be unssfe to
make any statement of opinion in this regard at the

present time,



GEOMORPHOLOGY

General Features

In the preceding chapters of this paper data
sre glven on the topography, stratigraphy and strue-
ture of the Whipple Mountains. 4n explanation of the
landforms regquires an understanding of the relief,
distribution asnd charscter of the rocks and the de-~
formation of the distriet as well as the nature of
the ercosional sgencies active in the region. The
reader is refefred to the chaplters on these several
subjeets for details, but in this consideration of the
physiograéﬁic forms a summary is given.

sfiost of the mountain ranges of the Basin and
Rsnge Province are elongate and trend nearly north and
south., In this respect the Whipple lountains are not
characteristic of "basin-range” type for the mass is
not elongate bhut praefieally eguidimensionsal. However,
structural lines are reflected in the topography and
the relief shows distinet orientation. A relatively
&teép escarpment along the northwest side with a2 com-~
paratively gentle siope to the socutheast gives an
impression of an east-~west strike almost at right
angles to that of §he basin-ranges. ﬁoweVer; the grain
of the topography is compatable with the normal basin-
range pattern for the internal ridges and depressions

are mostly aligned in a northwest-southeast direction,
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even though the transverse structures have governed
the mountsins as a unit.

Lithology, Distribution snd Relief

The main part of the whipple Xountains is
highly dissected to a remarkably even degree., Dif-
ferences in Torm and strength of relief are due
prineipally to the distribution and the nature of
the rocks acted upon. The pattern of the reliefl for
the most part is governed by the deformation. The
area of basement rocks is most intricately and deeply
disseeted, but a structural control is suggested by
the generél northwest-southeast direction to the ridges
and ehannels. This control is especislly noticeable
in the extreme western portion near Chambers well
(Plate 3). The basement rocks are s heterogeneousf
mixture of metamorphic rocks, highly fractured, which
yield easily to erosive forces. Moreover, the ridge
tops are sharp, and the area of basement rocks with
the exception of & single minor instance contains no
sgrfaces which might suggest previous erosion cyclss.
The eastern half of the mountains includes a series
of Tertiary voleanics and sediments which very in
hardness both vertieally and horizontslily. ©On the
whole, the Tertiary rocks, especially the volcanics
and the more highly indurated sediments, are more

resigtant to erosion than the hasement rocks. Much
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of the Tertiary mantle has been eroded, but patches
of volcanics and harder portions of the sediments
still remain capping the basement rocks in several
localities. The orientation of ridges and channels
is likewise northwest-southeast, also suggestive of
structure. (Plates 8, 9, 1l and 13.)
Structure

The broad structural feature of the moun-
tains is & fsulted dome, elongated roughly east-west.
Cross-sections tasken in any direction indicate this
condition. (See cross-section B-B' and E-E' and
Plates 2, 5-6, 8, 9 and 11.] It is likely that the
Tertiary formations at one time covered the entire
range for correlation of the remnant patches suggests
such a distribution. The dome is outlined on the
north and northeast flapks by an arcuate fault which
dips away from the mountains. The northeast area of
the mountains is broken into southwest-tilted blocks,
bounded by northeast-dipping normal faults, roughly
parallel to the southeast-trending portion of the ar-
cuate fault. Most of the fracturing within the moun-
tains trends northwest-southeast, a fact which is true
even in the cases where the asge of activity 1is uncertain.

Specific Data

Interior Area. It is apparent from the pre-

vailing course of the dralnage that channels were
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instigated in zones of weakness created by fsult
movement. In many cases the present streams do not
actualiy follow the fracture zones, but veer one
way or another dependent on the hardness of the roecks.
In the cases of Gene Basin and Copper Basin, these
broad areas are c¢ut for the most part in the softer
portions of the sedimentary formations. The constrict-
ed parts of these basin-like areas are due to lasteral
varistion in the hardness of sedimentary beds.

it is stated that the Tertiary voleanies in
the interior portions of the range are broken and not
tilted as much as some of the other areas. This area
contains flat topped or gently sloping topped promon-
tories which might be presumed to be 0ld land surfaces.
These are, however, remnant portions of Tertiary vol-
canics which have been more resistant to erosion, and
‘have scted as 2 protecting covering to the more easily
eroded basement complex.

iihipple Fault. 4 notable trough is developed

along the strike of the Whipple Fault on the north side
of the mountains where the zone of fracturing is nar-
rowed considerably. Here the eroded escarpment zl ong
the north side closely follows the direction of the
thipple Fault, but farther west the escarpment retreats
some distance southwest. This is due to the broader

fault zone and the weskening of the basement complex
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by the movement, making these rocks more suscéptible
to erosion. DNear the central pasrt of the north side
of the mountains the drainage from the steep slope
appsars to be offset to the east. This might indicate
recency of movement along the #hipple Fault but, inas-
much as no other signs of late movement are observed,
it is probable that these cases are due toc & selective
action by the streams.

Border Areas, Surrounding the mountains are

alluvial Tans and outwash planes which do exhibit
stages in deposition and down cutting. Several ter-
races czn be traced, but these are attributed to
changes in the development of the Coloradc River. 4t
the present time sll of the streams emerging from the
Whipple Mountains are down-cutting. KXo signs of re-
cent faulting sre present. The general down-cutting
of the streams may be due to an upwarping of the en-
tire area, but no proof of this was observed.

Colorado River, It is difficult to state

with any feeling of certainty just what part the Colo-
rado River has played in the building of the Whipple

- Mountains. The Colorado River extends for such a

long distance and flows through regions which have

had such varied geologic history that changes in one
district no doubt have effected other districts either

directly or indirectly. To differentiate between
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outside influences and those peculisr to the distriet
in guestion would entail consideration of practically
the entire course of the Colorado River. This is
outside the scope of this paper.

Cert=in inferences regarding the course of
the river within the Parker sheet can be drawn from
its relstionship to the areal geology and the struc-
tural trends. Near the southern end of Chemehuevi Valley
between Pitisburg Flat and B. M. 438 the river has an
east-west course for sbout 2% miles, which may coin-
cide with possible fractures parallel to the Whipple
¥Yault. Between Pittsburg Flat snd the mouth of the
Williams River the Colorado River flows southeast,
roughly parsllel to the faults in the Korth Hills and
the eastern porition of the Whipple Fauli. In fact,
between Murray Flat and the Willlams River the course
directly follows the fraecture zone of this latter
fault. The course of the Colorado Eiver in the north-
ern half of the guadrangle was no doubt determined by
the position of the fracture zones, with the meanders
influenced by the rock types. At the mouth of the
Williams Hiver the Colorado River makes an abrupt turn
to the socuth Tor about three miles, whence it flows
southwestward for the remainder of its course in the
Parker area. In the southern part of the gusdrangle

the river flows across the structure, but the direction
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of Tlow roughly colncides with the regional dip of the
Tertiary sediments and the tilt of the siructural
b;baks. It is possible that the course of the river
in this section was determined by the general regionsl
slﬁée prior to the block fauliting. The stesp-walled
gorge in the vielnity of the Parker Dam site, together
with the lacustrine deposits ip the Chemehuevi Valley,
suggests that a barrisr once eiisteé just below that
moubh of the Williams River. A number of north-south
vminar faults are present in the Parker Dam area which
may have afforded a zone of weakness for the river to
cut through the tilted Gene Bloeck at this point.

Present Hrosiocn Cyele

. In the Whipple dountsins the present erosion
cycle has progressed to s stage of maturity in the arid
cyele. Apparently hothing has happened to arrest this
cycle since its ineé§tian*im post~-Copper Basin time.
Within the mountains are no stream terraces which
might indicate renewed uplift or Taulting. No doubt
.&aring this period climatic changes or alterstion of
‘base level may have invigorated or enfeebled the forces
of erocsion, but evidences of these changes are not seen
in the mountain area.

Farlier Erogion Cycles

Landforms which might be interpreted as indic-

ative of eariier cycles of erosion are lacking. However,
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the surface upon which the Copper Basin formation was
deposited is so even that it is safe to postulate a
stége of peneplanation prior to the asccumulation of
these strata. At one locality in the interior the
valdanics have been stripped from a long narrow area
revealing an even surface on the bssement rocks. This
is & single case, however, and very minor, Several
cycles of erosion have been indicated in the chapter
on geologic history, but aside from the one case men-

tioned they sre not indicated by the landforms.



GEOLOGIC EISTOR)

Paleontological evidence for establishing
the age of developments in the Whipple lountains is
meager and uncertain., The fTossil material found in
sgme'af the sediments was determined to be esarly Ter-
tiéry in age, and was used in constructing a general
seguence of evenis. The major eriteria, however,
are based on structural and stratigraphic relation-
ships. & chronological list, counstructed in accord-
ance with the data presented 1n the preceding sections
of this paper, follows:

1. Sedimentation and Vulecanism. The earliest
record is contained in tha_ﬁasament Complex znd shows
a gerioﬁ of sedimentstion and voleaniec activity.

2. Intrusion and HMetamorphism. These early
sediments were intruded by & granitic mass after which
extensive metamorphism sltered the originsl character
" of sediments and extrusive rocks as well as the intru-
sive rocks into mainly schists and gneisses. This

primary period of the history ls considered pre-Cam=-

3. Uplift and Erosion {Grest Interval).
After the metamorphism of the basement rocks a long
interval of time passed and there remain no direct
clues to the events which must ha&e ensued. It is

_certain, however, that uplift and erosion took place,
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probably in early Tertiary prior to the deposition of
the Gene Sanyon beds. Erosion during this time pro-
bably proceeded until peneplanation, although an area
of low mountsins must have existed nearby.

4. BSubsidence and Sedimentation. The com-
pletion of the erosion cysle of the previous period was
interrupted by subsidence which resulted in the accu-~
mulation of the Gene Canyon formaition. These sedi-
ments are generally cosrse with angular and subangu~
lar particles, and are deposited in discontinuous beds.
Their chsracter suggests = neerness to source, and
although the structurasl evidence is not clear the
éedimentation may have been due to differential sub-
sidence or block faulting. 4 single lsvae bed at the
top of the Gene Canyon formation indicates limited
volcanic setivity near the cloge of this period. The
age of this peridd is indicated as (Oligocene or very
eariy Mioccene, irom artioﬁaetyl hoof prints found.

6. Diastrophism, Uplift. Following the de-
position of the Gene Canyon beds deformstion took
place by uplift and tilting and faulting. Folding
was apparently minor. -Althaugh the evidence also is
not clear the Taulting probebly followed z northwest
trend and the beds were probably ;ilted as much as

25 @ to the southwest.
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8. Erocsion and Peneplanation. Widespread
erosion followed the uplift and this eycle must have
reached & peneplane stage before interruption., The
peneplane surface is clesrly seen at the depositional
contect with the next overlying sediments and in places
where present day erosion has uncovered this old land
surface., During this period of erosion much of the
Gene Canyon formation wags siripped, for this formation
now remsins only as occasional patches.

7. Vuleanism, Subsidence and Sedimentation.
Peneplanation of the area was interrupted by subsi-
dence and extensive volcanic activity. The veolcanic
flows occurred in the Whipple Mountains and sedimenta~
tion apparently took place in the basins surrounding
the area of vulcanism. Subsidence must have continued,
rresulting in what is now called the Copper Basin forms-
tion, during and following the outpouring of the lmuas,
fof the indications are that sediments of Copper Basin
formation at one itime extended over a large part of
the present Whipple Mountains. The age of this activity
is plsced at Hiocene, judged from & féw artiodaetyl
tracks found.

8. Uplift and Diastrophism. Following the
accunmulation af volcanic material and basin sediments
the entire area was uplifted or domed. DIuring or

closely following this uplift the region was completely
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faulted in the menner already described. Folding was
minor. Faulting probably followed along lines
established in a previocus period of diastrophism.
The time of this period is possibly late Tertiary or
early Pleistocene, and represents the latest period
of deformation in the area.

9. ZErosion; Sedimentation in the Flanking
Areas. As a consequence to the last uplift and dias-
trophism 2ll of the formations were subjscted to ero-
sicﬁ. The material eroded was denosited on the flanks
of the mountains as alluvial faens and outwash plains
or basins. These}sediments graded into and commingled
with materizl brought down by the Colecrado River. It
is probable that in Pleistocene time the Coloradc River
was impounded near the mouth of the Bill Williams River
which established in temporary base levels around the
mountains. Rather eitensive lake deposits accumulated
in'the Chemehuevi Valley on the north side of the
mountains until changes in the Colorado River caused
~this stream to break through the barriers in the
heighborhood of the present Parker Dam site.

10. Renewed Erosion. At the present time
the streams from the mountains sre down cutting. This
'This apparently has been the condition since the re-

newed activity of the Colorado River, for in the area

of Chemehuevi VWash several stages exist., It is possible
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that the down-cutting may be due to continued doming or
uplift of thé ¥hipnle HMountains, but proof of this is
not apparent. It seems more likely, in the writer's
opinion, that the renewed erosion is due to changes

during the development of the Colorado River.
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PLATES

Oblique Aserial Photographs






Plate 1

Looking northwest at the Turtle NMountains. The road shown is the Teedles~Vidal
road, Heedles being about 30 miles north from the right hand side of the picture.
The Metropolitan Water Distriet agueduct counstruction can be seen in the lower left
hand corner. The Whipple Mountzins lie immedistely to the east {right), and the
low hille in the right center lie along the westward projection of the Whipple Faulst.
Even in this area, away from the Colerado River the fan dissection can be seen.






Plate 2

Looking northeast across the maln mass of the Uhipple Mountains near the voint
of highest elevation. 7The (olerado River flows from left to right at a slight diasg-
onal across the upper center of the picture. The dark patch near the center is the
mesquite flats of Chemehusevi Valley, and left ¢f this arca near the edge of the pic-
ture are the low rhyelite hills {West Hills).

The Intricate dissection and the steep rugged character of the topegraphy can
be seen. In the lower left hand guarier the rather vague aligument of ridges and
depressions is northwest and southeast. The presence of the steep northwest face
can be surmised by the sharp crest of the master ridge, especially near the right
hand side cf the picture. The rocks composing the maln mass shown here asre Basement
Complex, snd on the northwest slope in the center of the picture the sedimentary-
like sttitude Indicates the northwest dip of the foliation.






Plate 3

Looking northwest across the western portion of the Whipple Mountains. The
Colorado Rlver can be seen in the upper right hand comer; the West Hills lle jJust
above Whipple Peakr between the Whipple Mountains and the Chemehuevi Mountains in
the middle distance.

The main mass shown here is composed of Basement Complex, but the dark patches
in the lower left hand guarter are Copper Basin sedimentaries amd volesnics. A4Al~
though most of the main washes In this view flow southwest the predeminant topographic
grain is northwest-southeast ~- compatable to the interior fault system. However,
the broken character of the Basement Complex mskes it precsriovs to project famlts
through this formation on topographic evidence alone. This fine directional agree-
ment leads to the inference that the basement rocks have suffersed a very complete
shattering oriented wlth the determinable faulis. The northwest escarpment is again
indicated by the sharp crest of the master ridge, while the more gradual southeastern
slope is apparent. The foliation banding is also evident near the crest of the master
ridge.






Plate 4

Looking northeast across the centrsl portion of the Whipple Wountains toward
Whipple Wash which is the depression {4) shown to the right center. The gradual
slope of the southeastern side of the mountalns can be noted. The lighter colored
rocks are Basement Complex while the wedge of dark material coning in from the right
ig Copper Basin formation, here made up mostly of voleanic material. The fringe~
like contaet is due to talus, but the contact can be seen to be dipping slightly to
the right (southesst] on the ridge immediately to the left of Whipple Wash. 1t is
presumed that erodion has eliminsted much of the Tertiary formations, and it con be
sean how the Copprer Basin formstion might be projected to have covered much if not
all the Basement Complex.






Plates & and &

Loocking almost due east and showing most of the area covered by Tertiary rocks.

The lighter colered and more intricately dissected asreas are Basement Complex whilse
the darker patches are Tertisry volesnics and sedimentaries. Little structursl de-
tail is apparent in this view, but the topographic difference between the Tertiary
and pre-Cambrisn is evident. In the foregreund the tilted Tertiery bede lis on
basement rocks. Physiographically thers appears to be a feult between the two series,
but on the eontrary in the field the evidence indicstes normal deposition with mueh
of the Tertiary having been eroded. Thls ig true also of the area to the lower right
where Tertiary beds can be discerned dipping to the southwest. Farther east the

Copper Basin beds, nearly flet-lying and very slightly folded, lap up northwestward
over the basement rooks with incressing dip until the area of Monument Pesk, after
which the beds sgein flatten as they dproceesd westward.






Plate 7

Leoking north toward the Colorado River from about Sennett Wash, showing topo-
graphic detail and some structure in the westemn portien of the area covered by
Partiary voloanics and sediments. The light colored wateriasl is Basement Corplex
while the dark meterisl is Copper Bssin formatlon. Wherve the fringe of tslnsg hasg
not obgeured it entirely, the sontact between the laves and the basement can be
sesn to be rather flat. This is especially well exemplified in the upper central
vortion of the picture. The ares i1s broken into $ilted blodks, so this contact is
not spparent everywhere, but the diminishing effect of the foaults is indicated by
the nearly flat-lying Copper Basin formmtion in the upper part of the picture as
well as the continuity of the basement around this concentrated mass of Tertiarvy
material by which 1t is overlain.

Yote the construction camp snd the dump from the Whipple adit in the center
foreground.

{4} Camp Fault.
{3] Barometer Fault.






Plate 8

Looking northwest across the Tertiary covered area of the Honument Peak Block.
toward the Chemehuevi Valley from Bemnett Wash. The whitish pateh in the Copper
Sagin {4} ares ls the new granite intruded-intc the older basement rocks. Monument
. Peak is the spire to the left of the new granite. Tilted Copper Basin beds can be
seen in the uyper right hand quarter, but the Copper Pault (B) near thelr base is
only vaguely discernible. The Copper Basin volcanies in the upper left hand quartsr
are tilted somewhat, but it can be seen that relatively the deformation is not great.
Barometer Fault (C) and Camp Fault (D) are identifiable at the left center. The
less rugged bills in the foreground asud lower right are Copper Basin sedimentaries
which, though slightly felded, dip generslly southeast. Towsrd the Honument Peak
ares these sedimentaries overlie the voleanics. Also toward Vonument Peak the dip
inareases, bubt setually in the arveaof trus volecanies the beds are more or lsss flat~
lying, giving the impression of a slightly tilted monoeline.






Plate 9

Looking northwest across Copper Basin toward the Chemehuevi Mountains is the
distence from aspproximately Eagle Lending on the Colorado River. In the upper right
hand quarter can be seen the tilted Copper Basin beds o5 the Copper Bloeck, which is
ocut off to the southwest by the northest dipping Copper Fault.(A}. The aligned
drainage channals (right center) sre an expression of a branch of the Copper Fault
in basement rocks. Left center is the trace of the west dipping Monument Pavlt (B).
Blightly left in the middle distance the general agreement of the voleanic cappings
can be noted. In the central srea of Copper 3asin is 2 small down-dropped block of
Sopper Bssin formation {C}. '






Plate 10

Looking northwest across Copper Basin {A] aud the Vonument Peak Block toward
Whipple Pesk. In the uppser portion of the pleture the general continulty of the
voleanic cappings to Indieste a broad warp is sppsrent. Just above the Colerado
River, whidh floys grom right to left in this pieture, the tilting of the Covper
3lock and the ¥ onnﬁent Posk Bleck is seen. The trace of the Ponument Feult, the
Copper Fault, and portions of some of the minor faults are discernable.






Flate L1

Looking northwest across the middle and wesi segments of the Copper Block from
Bandit Pess. The southwest 11t to Gapper Bioek ig clearly to be sesn, snd the
gurving path of the Copper Fault {A) is apparent. Note the anticlinsl fold of the
Copper Basin voleanics in the west segment and the steep face on the northeast side
of the Copper ridgze which marks the vertieal fault zones Fote also that the ann~
tinuity of the volcanic ﬁapyxn?s in the uwpper portion of the pictpre indicates
broad upwarp. ‘The dark material in the upper right hand quarter is part of yha
Spring Block.






Plate 12

Looking northwest zcross the upper end of Gene 3Basln, showing the trace of the
Gene Fault (4)» Note the general porthwest grein in the dissected ares. in spite
of genersl northesst drsinage.  The smoeth appearing ares is wvnderizin by softer
Copper 3Basin sediments dipping toward the fault.






Plate 13

Looking northwest across the upper end of Gene 3asin toward Little Chemehuevi
Valley. The Gene Fault (A) and the tilted Copver Basin beds of the Geme Block
are shown. In the upper left hand guerter is the Spring 3lock. The trace of the
Whipple Fault (3) is shown dispgonally In the upper portion of the picture. The
lower hills on the far side of the river in the upper right hand quarter arc Cop-
per Basin beds dipping toward the river and into the basement rocks.






Plate 14

Looking northwest across the Gene Block showing the tilted Copper Basin for—a-
tion and 1ts contact with the Basement Complex high up on the northeast side of
the ridge. YNote the northwest-southeast grain of the basememt ares. The lower
hills on the far side of the Coloraio River are Copper 3asin beds dipping toward
the river. The Whipple Fault (L) is skown roupglly parslleling the river,






Plate 1B

Locking northwest across the trough of the Whipple Fauli. 'he consistent dip
of the basement schists is clearly shown in the arez below the faull and the un-
broken character is apparent. It is evident thet the northwest trending intericr
faults do not continue through the mountains. Ihe lower hills sbove the fault are
the North Hills which are complctely deformed by morthwest trending faults which
end at the Whipple Fault. & drss effect is indicated at the Whipple Fault. In
the lefi ceuter of the picture the dark patchee of Copper Basin sediments can be
seen dipping southwest and striking into the Whipple Fault. In the middle distance
are the West Hills, composed of rhyolite mainly.






Plate 16

Locking northwest acrogs the upper end of the Spring Block. The trace of the
Whipple Fault is clearly seen and the curve of the fault to the right of the pic-
ture is evident. The Spring. Fsult (A) is shown and its bifurcetiorn at "three-
fingered" ridge iz indicated.

Yote the regular dip of the metamorphies in the ares
of basement rociks balow the Whipple Fault. Note also the northwest grain within
the Worth Hills.






Plate 17

Looking north along Whipple Wash (A} and Little Chemehuevi Valley. The dark
ridge in the lower left hand corner is made up of Covper Basin volesnics and in
froant of the steep cliff the more finely dissected area is made up of basement
rocks. The limit of this dissection marks the trace of the Vhipple Fault (8).

Some o0f the best exposures of the sctual fault are to be found in the ares to the
left of Whipple Wash.






Plate 18

Looking southwest along the Colorado River (&) from the junction of the
Williaus River {B). Note nearby flat-lying lavas [0} in the area southoast
{laft} of the Colorado River. :
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Plate 19

Looking northwest scross the ares betwesn the Horth Hillg and the West 1ills,
showing the recent dissection of the Pleistocene and the pounger sediments. The
white bed in the upper right hond guarter iz the Lake Deries.






. Plate 20

Looking northwest zcross the Chemebusyi Valley showing the recent dissection of
the nearly flat-lying Chemehuevi formation amd the younger alluvium. The white lake
gseries ig evident.






Piste 21

Looking northwest across the western extension of the Whipple Mountains, out-
gide of the area included in the Parker Ouadrangle. The low dark hills in the left
center ars patches of Copper Basin volcanico. The Whipple Pault (4] syparently
extends westward slong & line just north of these toward the Turtle Nountains (B).





