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Geological Department
Southwest Office

THE ANACONDA COMPANY

151 S. Tucson Blvd. — Room 221
TUCSON, ARIZONA 85716

September 29, 1965

Mr. Roland B. Mulchay, Asst. Chief Geologist
The Anaconda Company

809 Kearns Building

Salt Lake City, Utah

Dear Mr, Mulchay:

Enclosed is a copy of the information distributed
at the annual Spring Field Trip of the Geology Section of
A, I, M, E., during the May, 1965 trip to the Ithaca Peak op-
eration of Duval Corporation near Kingman, Mohave County,
Arizona., You may retain this information for your file.

Best regards.

Yodrs very truly,

4 Pade.

G. A. Barber

GAB:je

Encl,



THE MINERAL PARK ORE DEPOSITS
by Harrison A. Schmitt

ABSTRACT

Like the Esperanza Mine and of course many others, Ithaca Peak and
the Mineral Park area had a long if not very productive mining history.
At Mineral Park four different attempts were made to develop porphyry
copper ore, two of these were on and around Ithaca Peak.,

The regional setting of Mineral Park and the Kingman mining area
is of possible interest. I place the area on the extreme west side of
the Wasatch~Jerome orogenic belt and just north of the north side of
the Texas orogenic belt. Ajo, as I read it, is also on the west side
of the meridianal belt but on the south border of the Texas belt.

The extensive sampling work done tends to support the "rule" that
the bigger the sample the more nearly the assay approaches the average

assay.
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A CASE HISTORY OF COPPER AND MOLYBDENUM GEOCHEMICAL

PROSPECTING AT THE MINERAL PARK MINE
OF DUVAL CORPORATION

By Donn M. Clippinger

ABSTRACT

At the outset of the exploration program at Mineral Park , Mohave County,
Arizona a geochemical survey was planned. |t was decided that this prospecting method
might aid in delineating the areas of highest metal concentrations and reflect the
ultimate potential area.

Methods chosen were sampling of rock outcrops, and of shallow soils.
Geobotanical sampling, under similar conditions, had been found impractical so was not
employed. Copper and Molybdenum, the economic metals concerned, were selected for
analyses.

A 400-foot equilateral triangular grid. pattern was sampled over an area of
approximately one and three- quarter square miles. At each site the samples were taken
as follows : (1) About one and one half pounds of soil was taken at depths not
exceeding one foot. (2 ) Approximately twenty-five pounds of rock was obtained, by
blasting, from the nearest outcrop within a radius of fifty feet. (3) A few ounces of
rock chip specimens were selected for identification and reference. The minus 65-mesh
screen fraction of the soil was used for soil analyses. All sample preparation and analytical
work was done by laboratory methods. Analyses of both copper and molybdenum were
determined colorimetrically by means of an electronic colorimeter.

At Mineral Park the distribution of molybdenum in either rock outcrops or
soils serves as an excellent guide to exploration. Molybdenum does not migrate significantly.
Rock samples are nearly as high in tenor as the underlying sulfide ores. The orebearing
areas are found to be overlain by rock containing  >300 p.p.m. and residual soil
containing >150 p.p.m. of molybdenum.

Copper distribution in rock outcrops and in the residual soils is misleading.
Factors such as structure of contemporaneous minerals, permeability, pH, soil development,
and petrology infulence the migration and localization of copper. More data are required
concerning the behavior of copper in the form of oxidation and soil development.

The combined molybdenum and copper rock analyses show a pattern ( >400
p.p.m.) that can be used as ore guides in the Mesozoic (?) intrusive rocks.



PARTS PER MILLION

> 400

0 200 400 800" 1200 1600’

DUVAL CORPORATION
COPPER DIVISION

MINERAL PARK PROPERTY, KINGMAN , ARIZ.

DISTRIBUTION IN ROCK OF
MOLYBDENUM

DRAWN BY: SCALE. DATE:
D.M.CLIPPINGER SHOWN ABOVE APRIL 28,1965

GEOCHEM. BY APPROVED BY

D.M.CLIPPINGER | J.E. FROST PLATE Cl




0~100

PARTS PER MILLION

100-200

200-400

> 400

200" 400’ 1200 1600

DUVAL CORPORATION

COPPER DIVISION

MINERAL PARK PROPERTY, KINGMAN , ARIZ.

DISTRIBUTION IN ROCK OF

DRAWN BY:
D.M.CLIPPINGER

COPPER

SCALE. DATE!
SHOWN ABOVE APRIL 28,1965

GEOCHEM. BY:
D.M.CLIPPINGER

APPROVED BY

J.E. FROST PLATE C2




PARTS PER MILLION

o

2007400 400-800 >800

AOQE
o B o 3

C:]-D 00 Qo

MINERAL PARK PROPERTY, KINGMAN , ARIZ.

DUVAL CORPORATION
COPPER DIVISION

DISTRIBUTION IN ROCK OF
COPPER & MOLYBDENUM

DRAWN BY:
D.M.CLIPPINGER

DATE:
APRIL 28,1965

SCALE. ¢
SHOWN ABOVE.

GEOCHEM. BY
D.M.CLIPPINGER | J.E. FROST

APPROVED BY

PLATE C3




PARTS PER MllLION
o DOO @ e
Bl 8

e i 0 SO

> s0-100
e e IR

100-150 150-200 > 200

0 200 400

DUVAL CORPORATION
COPPER DIVISION
MINERAL PARK PROPERTY,

KINGMAN , ARIZ.
DISTRIBUTION IN SOIL OF
MOLYBDENUM
DRAWN BY:

SCALE.
D.M.CLIPPINGER

DATE:
SHOWN ABOVE APRIL 28,1965
GEOCHEM, BY APPROVED BY

PLATE C4

D.M.CLIPPINGER

J.E.FROST




<100

PARTS PER MILLION

100-300

300-500

500-700  >700

200" 400’

e ey

1200° - 1600

DUVAL

CORPORATION
COPPER DIVISION

MINERAL PARK PROPERTY,

DISTRIBUTION IN SOIL OF

KINGMAN , ARIZ.

D.M.CLIPPINGER

DRAWN BY: SCALE. DATE:
D.M.CLIPPINGER SHOWN ABOVE APRIL 28,1965
GEOCHEM. BY APPROVED BY

J.E.FROST

PLATE C5




/
— Z 7 T 7 A X b
fo 00 iz 1, s / ~ A\
\w — RN Y 7 N
ISP s A" I \
N Ny A R\
(1 / = ) &
ﬁ 5 2 ’// \
2 XN N A
| (o 2N Fe— — N . w': SP
LN ! Ay =
7o ,/V 7 —T\“?_,f:‘;'{’ \ ) 17/, \
=N X Y 7

=——

ke
2 \
Z7 NN
=t \ o ‘! NN
AR =
J X REWMR ~ =
= N—
VIR (7 N
/ ==,
N =
i D N =
N\ A/
// ¥ S V.
"

FJ

\ N

N\

N\

=N

()

¥ N e 37
) ; N
AN y ! e Ly ) \\ N 7 o\
Al SN e N % | ( =
N =AY W - 4 \
; X N % N I -8 - 7 o -
| 07 AN X oy ) e ) S L e
7 2 \ = 3 N LA g
. ‘ AN N AN WY = 2y
I\ . -] AN S 2 AN SN 3 g ===’ \
N W 2 \ : ZANSTRNNN ) ===¥= by . A
WS N\ 0.5 = =g AN S )\ = SY N W |
NA Z Y 17 = X S T B = X T {
2 PN NS ) =Wl no!
: Y\ 2 == (] (= N 2!
= L~} o G N N ¥ 5 2 2 it
2 =7 = - / /// g /\"’\ \ N AT
— ¢ g4 s / 9/ AR > A\ N \\\ =<
— i % 5 7 SN YR NN 3 A
7 C— ( L . 4 \\ ' 4 N + N N i Y /
4 ! i A\ ({ = \ 3 :
¢ Z (| / = (077 N W
y %4 = \ \ \ \ Z \ H
/ h | N Y
\ N \ 1\ N 4 S
//// ) .
,;1 N,

i

W Sl ///?;// Fe
g

il

/\

\

0

w

| ”
174 1 7
-\ ] v f
A // Al i
(/ A N/ 3 /
? ' 22
O
1))

———

o~

M\:

:
{ ((f' \' (a

g
U

22\ SN\
f LN (SN
';'!;e.-l.-.a N AN /7

é’\x i

0 200, 400 800’

SCALE

£ L

AW 7RENN ) NN

DUVAL CORPORATION
COPPER DIVISION

=] MINERAL PARK_PRQPERTY, KINGMAN,

| [orRawN BY SCALE: ABOVE, 10|DATE
ik .__|CONTOUR INTERVAL (AUGUST 15,1960
SaA)/\ [proTocRaMMETRY 8Y [ APPROVED BY

} \\\LJAERIAL MAPPING | J.€. FROST | PLATE C6

I

' TOPOGRAPHIC MAP
SHOWING PIT PERIMETER

ARIZ .

COMPANY_ _




The
CRYSTALLYZATION, ALTERATION, and MINERALIZATION
of the
ITHACA PEAK INTRUSIVE

WALLAPAT MINING DISTRICT, MOHAVE COUNTY, ARIZONA

J. James Eidel
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INTRODUCTION

Duval Corporation’s Mineral Park property is located in the Wallapai Mining
District approximately 16 miles rorth of Kingman, Arizons and 24 miles west of the
Grand Wash Cliffs. The triuwuvirate of quartz monzonite intrusives, Ithaca Peak,
Gross Peak, and Turquoise Mountain, form the core of the elliptical district whose
axes trend 5 miles northeast and 20 miles northwest.

The earliest mining in what is now the Wallapai Mining District was for tur-
quoise by Indians. Charesal and store hammers are still found in workings on Tur-
quoise Mountain.

Gold was discovered in 1863 and concerted efforts to mine gold and silver be-
gan in the 1870's. The rich oxide zone silver ehloride’s were nearly depleted by

the turn of the century and attertion was diverted to argentiferous galena and

sphalerite ores at depth.

Approximately $24,000,000 worth of gold, silver, lead, and zinc were produced
through 1946. The Keystoue Mine in Mineral Park was the last of over 225 mines and
1,000 prospects to close in 1948,

The porphyry copper-molybdenum mineralization at Mineral Park was first drilled
in 1606; the first production, however, was in November 1964 by Duval.

The present mining operation is confined to Ithaca Peak, which was the highest
at 5,200 and the easternmost of the above mentioned triwmvirate of intrusives.

This discussion will also be confined %o Ithaca Peak and will be concerned with the
peirology, theory of origin, minerslization, alteration, and structure of the Ithaca
Peak intrusive.

ACKNOWLEDGEMENTS

The spcaker wishes to emphasize the fact that the ma jority of the surface map-
ping was done by D. Clippinger and J. E. Frost. K. Martin, I. B. Gray, R. Sayers,

and E. H. Lewls alsc contributed to the early mpping and logging. Dr. H. A. Schmitt




supervised the exploration phase. Discussions with J. E. Frost, D. Clippinger,
H. A. Schmitt, and V. J. Roper have influenced the interpretation presented in
this paper.
GECLOGY

Ceneral

Quartz monzonitic ragmas have intruded the Precambrian chlorite-biotite schists,
amphibolite, and granite gneiss which comprise the Cerbat Complex. The cbpper@
molybdertm mineralization is confined to the intrusives and their immediate environms.

The contacts of the Ithaca Peak stock with the Cerbat Complex are steeply dip;
ping. The quartz menzonite magma was not chilled and is not foliated at the contact.
The Cerbat Complex metasediments were deformed at the contact. These facts indicate
that the quartz monzonites were forcibly intruded and then differentiated and crystal:
1lized in place.

The quartz monzonitic Ithaca Peak stock was extensively deuterically altered; it
was then shattered and mineralized and altered by hypogene and supergene solutions.
Finally, northwest trending vein;faults which are charascteristic of the entire district
were formed. These silverlleaﬁ;zinc veins also transect the Ithaca Peak stock.

The intensity of the deuteric, hypogzene, and supergene alteration has made it

impossible to obtain modal analyses to date.
GEOLOGY

Igneous Petrology:
Quartz diorite (7)

The quartz diorite (?) consists of small discordant injections into the Cerbat
Complex and of a 5 to 10 foot rim containing inclusions of the Cerbat Complex. Wéath:
ered exposures of the quartz diorite (?) have been expcsed at the north and northeast
contacts of the Ithaca Peak stock and the Cerbat Complex. It should be emphasized
that the volume of the quartz diorite (?) is very small when compared to the volume

of the Ithaca Peak stock.




3.

The quartz diorite (?) has a wedium grained, subhedral granular texture. It

of red-brown bictite and/or hormblende, calcic plagioclase, and minor

2

is cozmposed

{ds

orthoelase and quartz.

0y

‘he dzneous texiure; the presence of euhedral accessory minerals character—
iotic of igneous rocks, and the prescnce of inclusions of the Cerbat Complex attest
v of the quartz diorite (7). The compositional differences be<=

tiveen ths quartz dicrive (7) and the quartz monzonites suggest that the quartz dic~

to the igzneous ord

rite (¥} is a facies of the aquartz monzonite that was contaminated by reaction with

¢ gquartz monzonite porphyry

o

fhe quartz monzonite and gquertz woazonite porphyry form a continuous interme-

diate zeme, 250 - 1,000% thick, between the quartz diorite (?) rim and the quartz
POLDUYLY COra.

“here are no significant textural differences between the quartz diorite (?)
and the quartz menzooite. The quartz monzonite and quartz monzonite porphyry are

equiveient units but due o subtle variances in grain size , they have not been

ir th: field,

: quartz porphyry (deseribad below) contain seri-
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¢ite pseudomorphs after cuhedral micas and seriecite ard/or clay pseudomorphs after
subhedral plagloclass in & matrix of fine grained, anhedral quartz and orthoclase.

teitization and argillization has replaced all the primary plagioclase

,,:‘,

Pervasive seri

and wica in the quartz mons s and in the quartz porphyry.

£ biotite facies of the gquartz monzonite occurs adjacent to a large xenolith or
septe of Cerbat Complex metasediments near the north end of Ithaca Peak. This facies
srops out for a distance of 2 o 200 feet normal to the contact with this xenolith.

©

The biotite facies of the quartz monzonite is similar in all respects to the quartz
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monzonite with the exception of the presence of red-brown biotite and somewhat stronger
argillization. The biotite either is disseminated throughout the quartz monzonite or
is restricted to the marging of veins leaving intravein areas that are void of biotite.
The restriction of the biotite to vein margine in some cases and its occurrence
in the proximity of the Corbat Complex suggest that the stability of the biotite way
be due in part to contaminaticn by the Cerbat Complex.
Accessory minerals in the guartz monzonites are rutile » apatite, and zircon.

GEOLOGY

Igneous Petrole;
Quarez porphyry

In contrast with the scmetimes vaguely porphyritic quartz monzonite, the quarts
perphyry forms the distinctly porphyritic core of the Ithaca Peak stock. The core is
roughly elliptical with a nerthesst trending major axis of 2,000" and a northwest
trending minor axis of 1,400°. Roughly in the center of the quartz porphyry is an
elliptical area 700' by 500! which contains numerous quartz, aplite, and orthoclase
pods and irregular vzins as well as crenulate quartz veinlets in a matrix of quartz
POTPLYTY.

The quartz perphyry is characterized by quartz phenocrysts which range in size
from 2 mm at the contact with the quartz wonzonites tc 13 mn, 20' to 100° from the
contact. The seriecitized and/or argillized plagioclase phenocrysts range from 5 to
10 mn and the sericitized mice phenocrysts are somewhat smaller. The grain 8ize of
these phenocerysts is greater than that of the quartz monzonites. The phenocrysts
are contained in a mitrix of fine grained, anhedral quartz and orthoclase. |

Accessory minerals arve rutile, apatite, and zircen.

Two small bodies of a biotite facies of the quartz porphyry are similar to the
biotite facies of the quartz monzonite. The similarities suggest that these bodies

may be almost completely digested xenoliths of the Cerbat Complex metasediments.



THEORY OF DYFFERENTIATION AND CRYSTALLIZATION

The consideration of the differentiation and crystallization of the Ythaca Peak

T

stock is necessarily based upon evidence gathersd from exposures in an essentially
horizontal plane through what was the upper portion of a much larger igneous mass.

This discussion is, therefore, restricted to a closed, planar system. No mobile

couponents are assum:zd to have been introduced into this system until the late deu-
teric and hypogene stages. The cucecessive igneous units are considered in the order
in which they crystaliized from the periphery toward the center of the stock.

The lack of significant disparity in grain size between the quartz diorite (?)
and the quartz monzonites indicates that the quartz diorite {?) was not chilled at
the contact with the Jerbat Complex metasediments. Significant reaction between the
metasediments and the melt resulted in the disparity in the compositions of the quartsz
diorite (?) and the quartz monzonites.

Following this peried of reaction with the Cerbat Complex, the melt was encased
in a solid quartz diorite (?) rim and underwent normal differentiation following
Sowen's reaction series. The compositien of the qua:tz monvonltes, disregarding the
ferromagnesian components lay within the system Or—Ab-An-8i0g9. The micaeous texture
of the ¥ine grained sericite pseudomorphs after primary mica indicate that only hydrous
ferromagnesian phases precipitated. As biotite and ealeic plagioclase crystallized,
the melt was gradually enriched in potash, silica, water and other low melting con-
stituents. The vapor pressure within the melt gradually increased as the concentra-
tion of velatiles was increased in the remaining melt.

Juring the late stages of quqrﬁts monzonite crystallization, the composition of
the melt approached the system Ab-Or. iquHg() and the melt became supersaturated with
respect o silica. Iwunded guartz phenoccrysts precipitated with alkali feldspars
(composition inferred due to the intense alteration of the feldspars) and biotite.

The guartz phenocrysts increased in size as the melt was enriched in siljca, A cry-
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The composition

No ferromagnesian com-

porents ramained In the mell,
Vien the o rtained within the solidified

wpor preggure exceeded the load

 metasediments. The quartz monzoni-—

w Corbat Cowplew mwetasediments were rupture Potash and silica
cheh residual fluide vere injected ints the fractuves and the groundmass of the quarss
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3 rocks. The lack of chilled margins at the
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solid pagratite wasses created morginal leucocratic gucisses along the pegmatite con-

tacts. The rhyolite dikes cheract tle of the western portion of the Wallapai Min-

Sk
Ty
2
w
ps
‘(

P
o5
pens
%
ol
l
¢
@]
L
@
i
-~
=5
S
L.
[
2
bt
[
P
L.,
P
w0
o
Py
<r
b
14
7]
&
=
13

gin and composition as the

TALLEZATICN ANT ALTERATTON
siinitzon of the term deuteric since its original
Rebartson {1962, p. 1264) app11ed a more exacting

- was appiicable to the silicic Boulder batholith and

Tthaca Peak stock. The high temperature limit of

zazion in intermediate and silicie ismeous rocks is defined by

(]
-~
@
o
i
:.i
&
;"
]
i
-
bty
"Io
: ~




7
Following the erystailizetion of the quartz-orthoclase groundmass of the quartcz
porphyry at Ithaca Peak, an aqueous intergramular phase existed in equilibrium with
"pockets! of remaining, trapred liquid. These "pockets" of ligquid crystallized as
isolated masses of coarsely crystalline cuartz and orthoclase with vague altered con-

vith the wall rocks due to resction with them.

7]

The intergranular fluids deuterically altered the quartz porphyry groundmass

forming oikoerysts or posterovndmass deuteric porphyroblasts of orthoclase which in-

cluded groundmass quartz and crthoclase, and the mica and plagioclase phenocrysts.
These olkocrysts have single dimensicns as great as 6 inches.

Optically continuous quartz overzrowths on the primary quartz phenocrysts are
also considered deuteric.

The large amounts of silica in the central portiens of the quartz porphyry may
represent the first mobile components introduced from below the system being con-
sidered or silicic fluids that were the final differentiate in place of the planar
system deseribed. The concentration of the gray-white quartz at the center of the

quartz Dorphyry seems to faver the latter explanation. The pod-like and irregular

configuration of the quartz masses suggests intrusion into what may have been semi-

consclidated gquartz porphyry. siens of the quartz masses are tens of feet.
The quartz contains trace amownts of pyrite and molybdenite.
Silica, in the vicinity e¢f the quartz messes was also apparently injected into

the quartz porphyry as sub-parallel, 1 - 3 mm thick, cremulate veinlets. These vein-
iets also suggest that the quartz porphyry may have bean semi-consolidated at the
time of their inception. Intergramular recrystallization within these veinlets,
shearing of irrespular protrusions from the veinlets, siightly biaxial quartz, and
micrefavlts are all evidences of stress applied during and after the formation of
the crerulate textures. The proximity of the crenulate quartz to the gray quartz

wasses cuggests that they way have had a common origin by post differentiation in-




HYDROTEEMMAL MINERALIZATION AND ALTERATION

The lower temperature denteric-hypogene boundary "is defined by the change from
a stable-feldspar assemblage to an unstable-feldspar assemblage involving the alter-
avion of feldspar to serieite and clay minerals" {Robertson, 1962, p. 1264). At
Ithaca Peal the change from sz steble to an unstable orthoclase assemblage is coinci-
dent with the firat rupturing of the Ithaca Peak stock as a unit ylelding a stock-
werk of throughgoing veinlets. The deuteric-hypogene boundary at Ithaca Peak is,
therefore, both chemical and structural.

Three types of hypogene wineralization are recognized. FEach succeeding type of
mineralization oceurs in fractures which transect the preceding type. Each succeeding
type of mineralization was presuwably precipitated at a lower temperature.

First Type: (Pyrite, replacement quartz)

Fellowing the late-deuteric precipitation of minor amounts of pyrite and molyb-
denite in quartz pods and massas, vapor pressures again exceeded the load pressure
and the now exposed portion of the Ithaca Peak stock ruptured, forming the first
stockwork.

These earliest veinlets contain millimeter thick ypyrite which filled the entire
opeir space and is enclosed within bands of replacement quartz or soak silica and
sericite. Orthoclase adjacent to the pyrite veinlets was replaced by sericite, prob-
ably yielding most of the replacement quartz. Some potash was introduced and lime
and seda were removed from the quartz monzonite and the guartz porphyry. The primary
micas were altered to white mica containing primary rutile and hydrothermal rutile,
sphene, ilmenite and quartz.

The rewoval of iron from the primary micas provides a probable source for much
of the irom in the pyrite veinlets. Part of the iron may, then, have been syngenetic
and pay have reacted with introduced sulfur.

o

Some molybdenite and probably some chalcopyrite were precipitaied during this
% 4 : pyr

-
_-

irst period of mineralization.
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tlon mgy be a function of the reaction time of the hydrothermal solutions with the
wall rocks. A lack of intensive replacement, therefore, may suggest throughgoing
solutions, which did net have time to react with the wall rocks.

HIDROTHERMAL MINERALIZATION AITD ALTERATYION

Third Type: (Argentifercus galena, cupiferous sphalerite)

The third type of mineralization cccurs within ¢he Ithaca Peak stock as well as
threughont the Wallapai Minin; District. Within the Tthacs Peak stock several north-
west trending veins contain sphalerite with exsolved chalcopyrite, argentiferous go=
lera, winor coveilite, and pyrite. The veins, in general, contain brecciated pyrite

ith post-breccistion sphalerite and galena; they represent the lowest temperature
and latest hydrothermal minevelization within the Ithaca Peak stock.

The Wallapai Mining District is roughly a laterally zoned district with a per-
ipheral zome of gold and silver nineralization, an intermediate zone of lead, zinc,
silver, and mipor gold mineralization and an intrusive core of copper-molybdenum
mineralization with superimposed lead-zinc-copper-silver mineralization. This zonal
distribution suggests that the mineralization of the northwest trending fissures was
centroled by thermal gradierts and that as temperatures decreased later, lower tem-

neralization were superimposed upon the earlier, higher temper-

fete

ature lead-zine

i~
o
=g
=

ature copper-molybder mineralization.
SUPERGENE ENRICHMENT

Late movement breceiated the pyrite in some of the veins and veinlets in the
nerthern and southern porticns of the Ithaca Peak stock, exposing a much greater
surface area of pyrite to supergene solutions, than in the veins and veinlets which
suffered no movement. The chalcecite which coated pyrite surfaces is, therefore,
the richest in the areas of brecciated pyrite.

Nearly all chalcopyrite was totally replaced by chalcocite within the blanket
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The supergene enrichment has formed in irregular blankets, the top of which
roughly conform ¢€o the topography of Tthacs Peak.

Roughly horizontal barren zones between thin blankets perched approximately 500

e

eet above the present water table have bsen explained by Schmitt (1962, p. 6) as

0

trempts by the blanket to reach equilibriwm during uplift. Schmitt (1962, p. 7)

ten totively correlated the initiel enrichment to a peridd of Late Miocene and Early
Pliscene quiescence and the uplift to the Early Pliocene to Pleistocene uplift of the
Colorado Plateau. Damon has suggested (1964, p. 1) that similar porphyry enrichment
securred during an Early Tertiary quiescent period preceding mid-Tertiary orogeny.
The possibility remains that the ore bedy was exposed twice , which may explain some
the irregularities in the enriched zone. Erosion has dissected the initial blan=
ket and the blanket migrated downward as evidenced by the thinner blankets now pre=

sent. The fact that the blankets are now perched is evidence that equilibrium was

e s T} }5)

he Tthaca Peak, Oross Peak, and Turquoise Mountain intrusives may have been
reglonally controlied by the inferred Grand Wash fault 24 miles east of Mineral Park
or by a narallel structure or structures. They may also have been influenced by

°

other najor Laramide lincaments.

At Mineral Park the intrusives may have been localized by the intersection of
dominizntly northwest trending foliation and northeast and northwest trending faults.
Fold axes in the Cerbat Complex metasediments may also have localized the intrusives.
The intrusion and the crystallization of the monzonitic intrusives took place
in a dynamic environment of regional stress. Local stress » however, developed during
mmgpatic intrusion and later during orystallization due to increased vapor pressures.

following the monzonitic intrusions, rhyolite intruded regional NNW-NNE trending

rectures in the western part of the district. Aplites and pegmatites discordantly
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and corcordantly intruded the Cerbat Complex metasediments in the vicinity of Ithaca
Peak.

The Ithaca Peak stock itself was probably ruptured by stress developed by the
crystallizing magma. The resultant stockwork is comprised principally of steeply
dipping NE, NW, and EW trending veins and veinlets. The movement on the veins and
veinlets in the northern and southern parts of Ithaca Peak was predominantly vertical.
The central part of the intrusive umderwent little movement.

The northwest trending vein;faults which ocecur throughout the Wallapai Mining
District continue through the monzonitic intrusives. The vein and veinlet patterns
of the stockwork are displaced by these vein-faults. These facts indicate that
following the hydrothermal "healing" of the stockwork, the monzonitic intrusives
and the Cerbat Complex metasediments reacted as a unit to regional stress. The
pre—-existing northwest trending structures in the Cerbat Complex were reopened,

extended through the monzonitic intrusives, and then mineralized.
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ARSTRACT

WATER RESOURSES OF THE KINGMAN AREA, MOWAVE COUNTY, ARIZONA
“nA PROGRESS REPORT

Craig B. Bentley, U.S5.G.S.

A project by the Water Resources Division of the U, S. Geological Survey,
financed on a matching fund basis by state and federal funds, is undeirway in the
Hualapai and Sacramento Valleys, Mohave County, Arizona. The purpose of the project
is to determine the quantity and quality of ground water in storage in the two valleys,

depths to water, hydrologic characteristics of the aquifers, amount of water being

ifers through natural recharge and outflow respectively.
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and the amount and characteristics of surface-water runoff in the drainage areas of
the ¢wo valleys. To date, a sround-water inventory of all known springs and wells
has been completeds water level recorders have been installed on four key wellsg
str2am gages have been instalied on several streams {washes) in the area: and a re-
connaissance study of the geology, including sowe seismic work, is 50 per cent com-
plete.

The geology of the area is typical of that of the Basin and Range Province, with
tilted fault blocks of Precambrian granite and metamorphic rocks forming north-south
trending mountains. The intermontaine Hualapai and Sacramento Valleys have been filled
with Tertiary and Quaternary alluvium to depths in excess of 2,000 feet. Valcanics up
to several hundred feet thick are present in the mountains and are interbedded with the
alluvium in the valleys. Several hundred feet of saline deposits have been found in
the Hualapai Valley. Cround weter occurs in minor amounts in the volcanics and Pre-
cambrian rocks and at shallow depths in the alluvium or the pediments around the moun-
tains, but most of the ground water lies in the alluvium in the valleys at depths of
200 to over 1,200 feet in the Sacramento Valley and from 250 to 600 feet in the Hualapai

Vailey. Of the 200 we!l= in the area, most are small stock snd domestic wells in the

b e
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