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IGNEOUS INTRUSIONS AND ASSOCIATED MINERALIZATION

’ IN THE ' -

SADDLE MOUNTAIN MINING DISTRICT .
PINAL COUNTY, ARIZONA

by

Larry Frank Barrett

A thesis submitted to the faculty of the
University of Utah in partial fulfillment of the requirements
for the degree of '
Master of Science

Department of Geological and Geophysical Sciences

University of Utah

June 1972
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LOCATION:

LOCATION COORDINATES:

WILLIAMSON  ¢cANYoN  33b
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DATA SHEET FOR CHEMICAL AND AGE DATA

FOR IGNEQUS COMPLEXES

Williamson Canyon Voleanics,

SE drizona " PINFL CouNTY |

Ka: — CA-AC [wostin Ca] fields.
;2.65 ~2.8 K Mg LSO AC
— CA-AC D e Ach
57 5 :3‘5; felds Fe QV%( n
kK 35| — Al 0.665 - 0.450
60

PEACOCK INDEX: . . <
Melaluwinows | alkeli-calcic o cafe-alkalic, weakly ima-ich,

ROCKS INVOLVED:

AGE DATA:

- COMMENTS:

5014 m. v, [ToMmAEﬂSSGuELﬁGE*HaJM Metaluseiicres )

Rocks related to Williamson Canyon !

voleanies have three dates ranging from 80~
74 m.y. Volecanics are intruded by probable

72-70 m.y. calcalkaline intrusions.

REFERENCES FOR CHEMICAL DATA:

Koskt (1978); Keith,
Nielsen, Barrett, Rehrig,
wnpub. data

REFERENCES FOR AGE DATA:

Koski (1978); Keith and Damon unpub :































K& .

."'j
R Geochamical
M7 PParmmanald Erxminraiion. Ine Research
: SRl Yl 1P f AN 4 e ™ ¥ .
) ’u\l NS AT SRR G-T LS SO E i.ﬁ:ié&{;;’z‘:i‘ea/::- k-al..’ G Slaf  cusiid Q.OE ana
é. €~ L. R P < ’ Ea g
Exploration Servicas Depariment Lﬁbv atory

&
- A Bivision

March 11, 1975

MEMO TO: John C. Wilson -
FROM;: Lloyd A. Clark

SUBJECT: Chemical Classification of the Williamson Canyon |
Volcanics, Pinal Co., Arizona by Larry B. Clayton

&l

In this phase of the 1974 Andesite Research, it was hoped to define the
eruptive center of the volcanic edifice, and to establish relations between
volcanic differentiation, genesis of the Laramide stocks and dikes, and
the O'Carroll Canyon sulfide system. However, the several thousands of
feet of volcanic rocks are all basalts and are undifferentiated. Probably
the original volcanic pile was several times thicker and more laterally
extensive. It now is apparent that erosion has removed that part of the
volcanic pile necessary to accomplish the research objectives.

ol

Lloyd A/ Clark

LAC/db
Attachment
cc:  R. C. Babcock
N. A. Gambell
R. L. Nielsen
G. D. Van Voorhis
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CHEMICAL CLASSIFICATION OF THE
WILLIAMSON CANYON VOLCANICS, PINAL CO., ARIZONA
: by
L. B. Clayton

February, 1975

-

+

SUMMARY

A six-mile traverse was compléted starting at the Gila River and continuing
east along the border between T. 4S. and T. 5 S. into Reed Basin (R. 16 E.
and R. 17 E.). Fresh rock chip samples were collected approximately every
fifty feet in composite samples over intervals of 500 to 2, 000 feet. The
traverse crossed the entire north limb of the Deer Creek Syncline and con-
tinued down the plunge of the Syncline to the ecast. This represents a volcanic
section in excess of 3,000 feet. At least 85% of the section sampled was
pyroclastic in origin. Fragment size varied from lapilli to breccia blocks,
usually subangular. Only two flow units were observed in the pile.

Whole rock chemistry, heavy liquid separations, X-ray diffraction and thin
section studies indicate that the volcanic pile was derived from a subalkaline
magma, The rocks can further be classified as calc-alkaline based on high
alumina content and location on an AFM diagram. Plagioclase, the common
phenocryst mineral, also supports the calc-alkaline classification. However,
the common lithelogic variation normally observed in calc-alkaline volcanics
(basa].‘c—andesite—dacite—r‘nyolite)- is not developed. &All samples collected are
basalts, which suggest that the majority of the volcanic pile has been eroded

1 S away.

INTRODUCTION

The Williamson Canyon volcanic pile was studied to determine if the source
volcano could be located and genctically related to the OfCarroll sulfide

L system or any other system, or if the volcanic pile is early Cretaceous in

| age simply acting as a host to mincralization. :

The normal volcanic differcntiation scqucncé of basic to intermediate to
felsic flows and pyroclastic is an casily mappable feature which can be veri-
fied geochemically. From these data an eruptive center can be predicted.
The volcanic differentiation is usually followed by emplacement of stocks

g e~
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‘ and plugs in and around the eruptive center, and if located, may provide
areas with high mineral exploration potential. The late stage magmatic
activity is often cxpressed as a dike swarm along a major structural trend

similar to that at O!'Carroll Canyon.

A total of nineteen rock chip composite samples were collected. These are

combined with other data on volcanic rocks available from drill hole OC-1
and Hansen ddh (Fig. 2). The samples represent a volcanic section in
excess of 3,000 feet across the north limb to the axis and down the plunge
of the Deer Creek Syncline (Fig. 1). Every attempt was made to omit

obviously mineralized material from the samples. Samples were collected
as far as possible from dike

s and mineralized fissures. Approximately one
fragment (3-5 cm) of rock was collected every 50 feet after chipping away
the weathered surface. Two to four pounds of sample were collected for
each composite (Fig. 2).

spectrographic (semi-quantitative)

Whole rock wet chemical analyses,
1s), thin sections and X-ray diffrac-

ossibly anomalous meta

analyses (for p
formed on the samples (see Appendix).

tion work were per

DISCUSSION

that 85% of the rocks collected are pyroclastic
jn origin., Fragments range in size from lapilli to breccia blocks usually
subangular., Only two flow units were observed in the pile. One occurs at
the base of the pile (Sample 1) and is a dense, black aphanitic unit, several
hundred feet thick., The second flow umnit is amygdaloidal, also several

ys conformably upon interbedded

hundred feet thiclk (Samples 6 & 7), and lo
sodiirients within the voleunic pile at the head of Little Gold Gulch. Mineral-
ization was chserved in the pyroclastic rocks above the amygdaloidal flow

(Szimples 8, 9, and 10).

Field observation indicated

Civssification based on chemical composition indica s that the bulk of the
volcanic rocks falls in the subalkaline field (¥igure 3a) and can be further
classified as cale-alkaline based on the AFM diagram (A=KZO+NazO, F=FeC
4+ 0.8998 Fe;03, M=MgQO) (Fig. 4a). The calc-alkaline classification is
furtber supporicd by the high alumina content which is the most prominent
chemical diffcrence between more basic volcanic rocks. "The calc-alkaline
besalts and andesites are generally high alumina types containing 16 to 20%
Al,0,, whereas their tholeiitic counterparts have only 12-16%" (Irvine and
RBaragar, 1971). The average for the Williarnson Canyen pyroclastics is
18.13% A1,0,. Further classification, based on silica content (average pyro-
clastic 50, 55, SiOZ) and CaO - KZO - N2,0 ratio (Fig. 4b), indicate that the
The weakly mincralized samples at the hcad of Little

rocks are basaltis.
g, and 10) show incrcases in SiOZ, KZO’ and possibly

Gold Gulch (Sz=mples 8,
N&,O relative to the unaltered samplcs.

e ke City, Utk 84104 o Phone 311 286-6911 o TWX 910_025_55‘:’4
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Bricf examination of thin sections in most cases confirms the pyroclastic
texture of the samples. However, some samples that were obviously pyro-
clastic in outcrop appear to be flows in section because of large fragment
sizc. Fresh plagioclase is present in Samples 1, 6, 12, and 13. In the re-
maining sections plagioclase shows varying degrees of clay alteration, pre-
sumably as a rcsult of weathering or possible low grade metamorphism.
Chlorite occurs in most samples as a result of alteration or weathering the
malfic minerals. Little quartz was detected in thin section; however, X-ray
diffraction indicates the presence of quartz in most samples.

Heavy liquid separations (> 2.8 gm/cc) were made and X-rayed on eight of
the nineteen samples (see Appendix). Results indicate the presence of

 chlorite in most of the samples. Magnetite was detected in all the samples
and pyrite was present in Sample 18 along with trace amounts of epidote,
chlorite, and hematite. Pyroxene (augite) is present in most of the samples
taken at and above the amygdoloidal flow with amphiboles present throughout’
most 6f the sémples (both X-ray and thin section). Olivine was not detected
in any of the X-ray or thin section work. :

Reference
Irvine, T.N. and Baragar, W.R.A., 1971, A guide to chemical classification
of cornmon -volcanic rocks: Canadian Jour. Earth Science, v. 8,

p. 523-548,
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APPENDIX - Wet Chemical, Spectrographic and
X-ray Analysis of Williamson Canyon Volcanics
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263 LAKE AVENUE

CANADA V1Y 5Wé6

WESTMONT
PROJECT:
H. DUMMETT
13/06/88

SAMPLE NUMBER ORIGINAL
WEIGHT
(KG)

49302 9.200

49303 10.800

49304 8.300

49305 6.700
|
|
| 49306 8.000
i
|
|
49307 7.900

49308 7.500

C.F.MINERAL RESEARCH LTD.

KELOWNA, BRITISH COLUMBIA

C.F.M.

FRACTION

-20HM
-20HP
-20HN

-20HM
~-20HP
-20HN

-20HM
-20HP
~20HN

-20HM
-20HP
-20HN

-20HM
-20HP
-20HN

-20HM
-20HP
-20HN

-20HM
-20HP
-20HN

-20HM
-20HP
-20HN

TEL(604)763-1815

(604)860-8525

88-576

WEIGHT
(GMS)

73.91
185.98
81.65

91.03
156.23
1562.15

81.57
196.30
102.58

22.52
149.28
6.64

26.84
134.56
53.46

17.29
74.36
3.47

9.27
46.62
3.27

14.22
53.88
5.10



WESTMONT C.F.M. 88-576

H. DUMMETT

13/06/88

SAMPLE NUMBER ORIGINAL FRACTION WEIGHT

WEIGHT (GMS)
(KG)

49309 6.500
49309 ~-20HM 9.49
49309 -20HP 21.49
49309 -20HN 3.77
49310 11.600
49310 -20HM 10.95
49310 -20HP 36.88
49310 -20HN 5.59
49311 8.100
49311 -20HM 1.81
49311 -20HP 32.40
49311 : -20HN 4.16
49312 7.600
49312 -20HM 3.20
49312 -20HP 19.92
49312 -20HN 2.26
49313 7.400
49313 -20HM 38.79
49313 -20HP 60.92
49313 -20HN 13.59
49314 7.100

49314 -20HM 427.54
49314 -20HP 508.40
49314 -20HN 84.89
49315 9.000

49315 -20HM 763.66
49315 -20HP 605.50
49315 -20HN 172.74
49316 10.600
49316 -20HM 2182.55
49316 -20HP 651.17

49316 -20HN 32.35




WESTMONT

H. DUMMETT

13/06/88

SAMPLE NUMBER

———— ——— —————————

ORIGINAL
WEIGHT
(KG)

10.800

7.500

7.100

9.400

9.300

9.500

6.600

7.600

FRACTION

—— - - ———— o = — o=

-20HM
-20HP
-20HN

_20HM

-20HP
-20HN

-20HM
-20HP
-20HN

-20HM
-20HP
-20HN

-20HM
-20HP
-20HN

-20HM
-20HP
-20HN

-20HM
-20HP
-20HN

-20HM
-20HP
-20HN

88-576

WEIGHT
(GMS)

- =

782.67
864.80
98.76

8.93
43.69
17.29

9.87
32.89
2.59

521.52
418.617
62.91

124.90
215.03
22.61

746.06
488.27
87.86

7.81
17.04
2.07

23.75
27.56
18.35




WESTMONT
H. DUMMETT
13/06/88

SAMPLE NUMBER

ORIGINAL
WEIGHT
(KG)

8.100

8.000

9.000

8.200

8.100

8.200

6.500

FRACTION

-20HM
-20HP
-20HN

-20HM
-20HP
-20HN

-20HM
-20HP
-20HN

-20HM
-20HP
-20HN

-20HM
-20HP
-20HN

-20HM
-20HP
-20HN

-20HM
-20HP
-20HN

-20HM
-20HP
-20HN

CnFoMo 88"576

WEIGHT
(GMS)

155.25
488.24
11.11

8.46
9.93
1.38

9.63
10.61
2.03

1.35
18.63
2.05

3.00
13.00
4.30

6.69
21.72
3.02

2.24
14,21
1.72

0.16
188.20
56.96




WESTMONT C.F.M. 88-576

H. DUMMETT

13/06/88

SAMPLE NUMBER ORIGINAL FRACTION WEIGHT

WEIGHT (GMS)
(KG)

49333 6.700
49333 -20HM 27.67
49333 -20HP 95.70
49333 -20HN 16.01
49334 7.700
49334 -20HM 51.33
49334 -20HP 254.12
49334 -20HN 33.45
49335 6.200
49335 -20HM 2.13
49335 -20HP 17.563
49335 -20HN 3.77
49336 8.100
49336 -20HM 49.11
49336 -20HP 148.44
49336 -20HN 95.69
49337 6.200
49337 -20HM 58.11
49337 -20HP 227.01
49337 -20HN 24.35
49338 5.600
49338 -20HM 23.80
49338 -20HP 157.29
49338 -20HN 18.09
49339 6.600
49339 -20HM 139.58
49339 -20HP 271.46
49339 -20HN 66.23
49340 9.500
49340 -20HM 148.13
49340 -20HP 205.88
49340 -20HN 30.60




WESTMONT

H. DUMMETT
13/06/88

SAMPLE NUMBER

ORIGINAL
WEIGHT
(KG)

10.000

7.600

COFOM. 88_576

FRACTION WEIGHT
(GMS)
-20HM 104.09
-20HP 401.45
-20HN 66.92
-20HM 69.82
-20HP 186.78
-20HN 21.39

ALL SAMPLES HAVE BEEN UV LIGHT EXAMINED-NO SCHEELITE

GRAINS WERE FOUND.
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Abstract. The Fortitude gold-silver deposit
is relacted to a "wallrock" copper porphyry sysctem
developed within Middle Pennsylvanian to Pernian
Antler Sequence rocks adjacent to a Middle-
Tertiary altered granodiorite intrusive stock at
Copper Canyon. Gold-silver ores of the Fortitude
deposit occur with disseminated and massive
sulfide replacement mineralization of skarn-like
or calc-silicated limy horizons of the Antler
Sequence contact meta-sedimentary rocks. A major,
north-trending, steeply westward dipping normal
fault was important as a conduit for hydrothermal
fluids responsible for the metallization in the
Fortitude area. GCold-silver mineralization is
best developed near a marble front where retro-
grade chloritizacion and destruction of prograde
calc-silicate mineral phases is most prevalent.
Fluid-inclusion studies performed on the Copper
Canyon system indicate a wide variation in fluid
chemistry during several hydrosilicate stages
that ranged in temperature from 500°C to 220°C.

Introduction

The Fortitude deposit is located in the Battle
Mountain mining district, which i{s in the central
CGreat Basin region of the Basin and Range province
in the western United States. The deposit is at
Copper Canyon in the southernmost portion of the
disctrict, approximately 19 km southwest of the
town of Battle Mountain, Lander County, Nevada
(see Fig. 1).

Mining activity within the Battle Mountain
district began in 1866 (Roberts and Arnold, 1965).
8ase and precious metals were mined by underground
methods intermittently up to 1955. Placer gold
was first discovered at Copper Canyon in 1912.
Moderate-scale dredging of alluvial gravel at the
mouth of Copper Canyon was conducted by the
Natomas Company from 1944 to 1955 (Johason, 1973).
Large-scale open-pit aining of copper ore was
iniciated in 1967 by Duval Corporation (Sayers,
Tippett, and Fields, 1968). As copper prices
decrecased and precious-metals prices {ncreased in
the 21d-1970's, Duval Corporation's exploration
efforts shifted to precious metals at Copper
Canyon. These exploration efforts resulted in the
discovery of the Tomboy-Minnic deposits, and
shortly afterward the Northeast Extension deposit
at Copper Canyon (3lake, Wotruba, and Theodore,
1984; sece Fig. 2). The Fortitude deposit was
discovered in late 1980, after Duval Corporation
had already proceeded with precious-mectals produc-
tion at Copper Canvon.

Conversion of the existing plant facilities at
Copper Canyon to a precious-metals recovery systen
was completed in 1978 (Jackson, 1982), and produc-
tion from the Tomboy-Minnie deposits began in
early 1979. Precious-metals production moved to
the Northeast EZxtension deposit at Copper Canyon
in 1942. Ia December of 1984, after three years
of preproduction stripping and mining of the Upper
Fortitude ore zone, production from the hiphcr-
#rtade Lower Fortitude ore zone beszan. Currencly,
under a new corporate name of Battle Mountain
Gold Company, the Fortitude deposit provides ore
for continuud precious=-metals production at Cepper
canyon.

Recorded metal productlion from the 2attle
Mountaln =ianing district prior to 1967 included
“hah ky (130 000 uz) of gold, A3 317 ki (2.1
=ilioun vz) of silwver, 13 500 t (15 QUC st) of
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Figure |. Location map of the
Fortitude deposit,

copper, 4500 t (5000 sct) of lead, and 13 600 ¢

(15 000 st) of zinc (Roberts and Arnold, 1963).

At the time of Duval's 1967 start-up of produc-
tion, ore reserves at Copper Canvon included 12.6
Mt (13.9 million st) in the East ore body and
another 3.6 Mt (4.0 million st) in the West ore
body, both with average grades of 0.79/ copper,
16.1 g/t (0.47 oz/st) silver and .86 g/t (0.025
oz/st) gold (Blake and others, 1984). The Tomboy-
Minnie deposits collectively contained 3.5 Mec (3.9
million st) of ore grading 3.09 g/t (0.09 oz/st)
gold and 9.60 g/c (0.28 oz/st) silver. The
Northeast Extension reserves were identified as
1.4 Mt (1.5 million st) of ore with an averaze
grade of 2.91 g/t (0.085 oz/st) gold and 5.1 g/t
(0.15 oz/st) silver. Initfal total reserve esti="
mates for the Fortitude deposit were 14.5 Mt (16
million st) gradinsg 5.14 z2/c (0.150 oz/st) gold
and 29.8 g/t (0.87 oz/st) silver (Jackson, 1982).
Thereiore, prior to large-scale mining, che Copper
Canyon arca contained a minimum of 102 A42 kg (3.3
miilion o0z) of gold and 541 201 ko (i7.4 million
0z) of silver as minable rescrves.

The Fortitude deposit rescrves as of .lanuary 1,
1985 were 10 605 000 t (11.69 million st) gradine
5.28 x/t (0.154 oz/st) zold and 28.49 3/t (.83
oz/st) silver. Currently, the Bactle Mountain
Gold Company is producing 6300 k3 (220 000 oz) of
nold per year and sinniflicant amounts of silver.
processing approximately 2720 to 3175 ¢ (3000 co
3500 sc) per day. Extraction of gold and silver
is by the carbon-in-pulp, cranide-leach methed
(Anderson and Todd, 1984).






