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~34~,1 East Milber 
. o  

AMFRICAN ANALYTICAL and RESEARCH 

P h o n e  BB'- ) -b  Y,57 

L~BORATORIES 

. ASSAYERS - CHEMISTS • MIETAL.LURG|STS 
TUCSON. ARIZONA e=Tb4 

SAMPLE SUBMITTED BY.~  A.qARCO. I N C .  
D A T r  Aprl] 19, 1978 

. . . . . . . . .  ,-7-" ~L . . . .  

GOLO 91LVER PER CENT PERCENT P f Re. E N'I PERCENT PERCENT 
• AMPLE MARKED OZ / T O N  O Z . / T O N  COPPER LEAQ ZINC, M O L Y B D E N U M  iRON ] 
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.oo_os 

.0008 

. 0 0 2 2  

. 0 0 0 9  

.0011 

18B 0 . 0 1  0 . 0 2  . 0 0 0 6  
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S A M P L E  S U B M I T T E D  S~q, "%I~'CO' 

a . d  RESEARCH 

Phone 889-578~ 

L A B O R A T O R I E S  

I,TM- 

A S S A Y E R S  - C H E M I S T S  o M E T A L L U R G I S T g  

INC. 

" I ' U C S O N .  A R I Z O N A  8 B 7 | 4  

DAT~,%pr|! 19, 1978 
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15741 
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U~S 006 
PAU~ 1 

ITEM NO. ~AMPLE NU. 

2 = LTM-20 

ITEM 

ELEMENT 
Fe 
C~ 
Ms 

A~I 
As 
B 
Ba 

B ~  

Bi 
Cd 
Co 

C P  
Cu 
Ga 
Ge. 

Mn 
Mo 
Nb 

Ni 
Pb 
Sb 
So 

Srl 
Sr- 
T i  
V 

W 
Y 
Zn 
ZP 

2 

<1 
<500 

10 
10 

<2 
<10 
<50 

10 

20 
10 

~10 
<20 

20 
1000 

<2 
<20 

5 0  
50 

< tO0 
<10 

<10 
200 
500 

30 

{50 
<10 
200 
<20 

3 Z  

7Z 
3 Z  

Charles E. Thompson 
SKYLINE LABS, INC. Chief Chemist 

~PEGIALIST$ IN EXPLORATION GEOCHEMISTRY 
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~34,41 East blilber 
. j ,  

AblFRICAN ANALYTICAL and RESEARCH 

Phone 889-5787 

LABORATORIES 

ASSAYERS - C H E M I S T S -  M F . . T A U . . U R G I S T S  

SAMPLE SUBMITTED B Y e .  A.~ARCO. INC.  

TUCSON. ARIZONA osTt4 

DATE Ap r i l  i 9 ,  ]978_ 

9 A M P I . .  E M A R K E D  

LTM- 

l0  

13 

15 

16 

G O L D  S I L V E R  

oz/YON oz. /~on 
P I N  C E N T  

C O P P E R  

0.01 

0.01 

0.01 

0.0]. 

0.01 

18B 0.01 

LTM-20 0.01 

P E R C E N T  

L E A O  

0.02 

O. 02 

pLiEr., E N7  

Z i N C  

P E R C E N T  

M O L Y B D E N U M  

.0005 

.0008 

0.02 .0022 

0.02 

0.01 

0.02 

.0009 

. ( )011 

• 0006 

0.02 .0004 

P E R C E N T  

i R O N  

Invoice # 15741 



.- <3441 East Milbev Phone 889-5787 

r', ,. AMERICAN ANALYTICAL and RESEARCH I .ABORATORIES 

A S S A Y E R S  - C H E M I S T S  - METALL.URGI.STS 
TUCSON, ARIZONA 85714 

SAMPLE S U B M I T T E D  B~I "~'Xi~CO' I N C .  

SAMPLE MARKED 
GOLD SILVER 

OZ./TON OZ./TON 
PER CENT 
COPPKR 

PERCENT 
LEAD 

D A T E A p r i ]  1 9 ,  1 9 7 8 _  

PERCENT 1 PERCENT 
ZINC; j MOL~ liOEN~M 

PERCENT IRON " l  

LTH- 

22 0.02 0.03 

23 0.0]. 0.03 

24 0.0i 

0.01 

0.01 

0.03 

0.02 

0.01 

27 

28 

29 O.O1 0.01 
t 

0.0] 0.01 

I 
I 

0.01 ] O .01 
! 

30 

LTH- 32 

i 
I .UO12 i 

I .0005 

I . 0010 i 
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• 0008 

.0009 

.00] 4 

.0003 

.0005 
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UUS 006 
FAUN 1 

ITEM NO. :SAMPLE NU. 

2 = LTM-20 

,.~.! 

• :&.~ • 

~ 
~ 

ITEM 

ELEMENT 
F e  
c~ 
M~ 

A~ 
As 
B 
Ba 

B ~  

Bi 
Cd 
Co 

Or 
C u  
Ga 
Ge.  

C~, 

Mn 
Mo 
Nb 

Ni 
Pb 
Sb 
S o  

S n  

Sr 
T i  . . 

V 

W 
Y 
Zn 
Z r  

2 

3Y. 
7Z  
3Z 

<5O0 
10 
10  

<2 
< 1 0  
<50 

10  

20 
10 

<:I0 
~20 

20 
1000 

<2 
<20 

so 
5O 

"~100 
< 1 0  

<I0 
200 
500 

3 0  

< 5 0  
<:10 
2 0 0  
' ( 2 0  

SKYLINE LABS, INC. 
8PEGIALIST$ IN EXPLORATION GEOCHEMISTRY 

Charles E. Thompson 
Chief Chemist 
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~INERAL PROPERTY EVALUATION 

property Investigated: 

The"Tapia" claim located in NW/4 Section 3~, Township 7S, 

Range 18E, Pinal County, Arizona)was visited briefly on ~arch 24, 

1977. The field party consisted of John Evans, Frank Tapia) Joe 

Robles, Frankie Tapia, ~onty ~ontijo, and David Wahl. 

Field Observations (see attached copy of field notes): 

The main rock type at the prospect pit is a porphyritic and- 

esite cut by a one foot (+) thick fault zone which trends N75E~ 

The vein is almost vertical, and contains some fairly well-devel- 

oped v~lfenite (Pb~oO 4) crystals averaging 1/16 to 1/8 inch in 

cross section. Within 500 feet of the prospect pit, fine-grained 

light-colored granitic dikes 2 to°3 feet wide intrude the older 

volcanic rocks. ~hese dikes trend NNE and contain much epidote as 

alter~ation features (Photos 32477-1~ & 32~77-15).- A larger knob- 

like mass of granitic material crops out about lO00 feet SSE of the 

prolspeot pit. " .. 

Alteration of the entire area is striking (Photo 32477-17), 

and of particular interest is the exposure of Paleozoic limestones 

approximately 1 mile NW of the Tapia claim (Photo 32~77-16). Num- 

erous inactive and active (?) mines are scattered throughout the 

district. ~ - -  

Assay (see assay report): 

One assay sample was collected byE vans, et. al.) from the 

vein at the prospect pit (sample JE 4). The 2.10oz Ag/ton is 

somewhat encouraging, but rock of that grade is not usually mined, 

especially in thin veins. 

~ibrar~ Research: 

Subsequent to the brief field inspection) two geologic maps 

were studied to evaluate observed field relationships (Krieger, 

1968; Simons, 1964)° These maps did indeed confirm that an inter- 

mediate volcs~ic pile (Glory Hole Volcanics) had been intruded and 

altered by a more silicic coarse-grained unit (Copper Creek Grano- 

diorite). Fortuitously, the Copper Creek Granodiqrite is Zaramide 



in age, the age of most well-developed copper mineralization in 

Arizona. Another salient feature in the local geology is the pre- 

sence of large blocks of Paleozoic limestones. This limestone is 

the host for ore deposits at Table Mountain N of the Tapia claim, 

and elsewhere in the district. As the deposits at Table Mtn. are 

all oxides (surficial type deposits) there is a possibility that the 

ore bearing solutions originated from a buried unexposed source 

(Simons, 1964, p. 152). 

Approximately 1½miles SE of the Tapia claim is the Bluebird 

lead-silver mine. This mine was developed on numerous subparallel 

fissures, and two mineralized bodies were encountered. One of these 

bodies was good silver-bearing galena, while the other was subconnner- 

cialwulfeni~e (Kuhn, 1951). 

Conclusions: 

In my opinion, the Tapia claim deserves consideration for fur- 

ther exploration. Normally the method of exploration would be a 

drilling and sampling program. In this case, however, actual adit 

and shaft driving may not be ill advised. Labor is apparently avail- 

able at the right price, and sales ble mineral specimens would more 

easily be recovered. If good mineral samples are not "quickly" 

found, I suggest that some sort of drill be brought in. Most of the 

wulfenite I observed at the prospect was not good enough to sell for 

much of a profit. Another word of caution; veins do not have to be- 

come richer at depth - - quite the contrary is often true (Butler, 

1935). However, veins can change character with depth. Wulfenite, 

PbMo04, is quite commonly found in the oxidized zone above galena, 

PbS. Thus, it is within geologic reason to suggest that galena m_a / 

be found at greater depth. Galena in this district apparently con- 

tains at least small amounts of silver (Simons, 1964). 

In considering the general area of the Tapia claim (the Copper 

Creek District), I maintain that the entire area is a first rate low 

gradeporphyry copper prospect (see the Tapia Claim Sketch Map). This 

is clearly shown by the fact that a major company is currently block- 

ing out a sulfide ore body (Tapia, personal comm.). The geologic con- 

ditions are well aligned for this type of ore body: A Larsmide ("cop- 

per age") intrusion is exposed over great surface area and the host 



rock (Glory Hole Volcanics) is at least partly receptive to miner- 

alization. A plum in the pudding is nearby outcrops of limestone, 

a rock type that is usually very receptive to ore mineralization. 

~uch more literature research and field study would be requir- 

ed before more than a wild guess could be wentured, but the follow- 

ing sketch illustrates a very interesting possible situation which 

should be checked out if more work is done NW of the Tapia claim. 

Note: This is an optimistic, but possible interpretation. 

The Copper Creek Granodiorite could be nowhere near a contact with 

the limestone, or even if there were a contact relationship no ore 

need have been produced (as north of the Bluebird mine). In any 

case, if I were working in the area, I would be sure to investi- 

gate Section 28 NW of the Tapia claim. 

4/7/77 
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GALIURO VOLCANICS, PINAL, GRAHAM, AND COCHISE COUNTIES, 

By S. C. CR.EAS, EY and MEDORA H. KRIEGER, Menlo Park, Calif. 

ARIZONA 

Abs t rac t . - -  The Galturo Volcanlcs occurs in the Galiuro, 
Winchester, and Lit t le  Dragoon Mountains,  east  aud nor theas t  
of Tucson, Ariz. The sequence comprise~ lava flows and ash- 
flow tufts ranging in composition f rom andesi te  to rhyolite.  In  
general they can be subdivided into two par t s  separa ted  by a 
major  erosional  unconformity.  The lower pa r t  is predominant ly  
lava flows ranging from. andesi te  to rhyodacite  but  contains  
three ash-flow tufts. '2he upper  pa r t  is chiefly ash-flow tuft 
but also includes two areas  of rhyolite-obsidian flows and 
domes and rhyoli t ic  to andesi t ic  flows. Conglomerate separa tes  
many i f  no t  al l  of the  rock uni ts  in the upper par t .  The in- 
dividual flows and tufts  a re  lenticular,  and the  s t ra t igraphic  
relations are  complex. Chemical variat ion diagrams suggest  

'consanguini ty among all  the volcanic rocks, bu t  the complex 
intercalat ion of rhyol i te  and audesi te  and of lava flows and 
ash-flow tuff indicates  more  than one magma chamber,  dif- 
fe ren t  s tages of di f fereht ia t ion in separa te  magma chambers,  
and several  erupt ion centers .  Chemical analyses indicate  t h a t  
the magmas  were  normal  cole-alkaline. Eleven potassium- 
argon age de te rmina t ions  indicate  tha t  the  Galiuro ¥olcanies  
accumulated f rom about  29 to 23 million years  ago, which is 
in the  middle  of the mld-Ter t ia ry  volcanic and platonic  event  

in Arizona. 

The Galiuro Volcanics occurs in the Guliuro, Win- 
chester, and Litt le Dragoon ~iountains, extending 
from a point about 64 kilometers east of Tucson north- 
westward for about 110 km (fig. 1). Most of the area 
underlain by the unit is shown on the geologic sketch 
map (fig. `2), but known or probable exposures of the 
formation crop out in ~nd southeast of  the gorge of the 
Gila River below San Carlos Luke (Crea~y and others, 
1961 ; ~Villden, 1964) and in the low pass between Vhe 
Santa Teresa and Pinaleno (Graham) Mountains (fig. 
1). Except in one small area (Krieger, 1968d), the 
Galiuro does not now extend southwest of the San 
Pedro valley, although it probably originally extended 
for some distance in that  direction. Volcanic rocks of 
a similar age crop out in the Tucson (Damon and 
Bikerman, 1964), Santa Rita (Drewes, 1971a), and 
:Patagonia ~:otintains (Simons, t974; Drewes, 1971b), 
and slightly younger ash-flow tufts and lavas occur 
wes~ of Miami and between Miami and Ray (fig. 1) 
(Peterson, 1969; Creas~y and others, 1975). 

Plutonic rocks coewd with the Galiuro Volcanics 
crop out extensively in a northwest-trending zone de- 
fined by the Dragoon, Rincon, Santa Catalina.~ and 
Tortolita 5fountains (fig. 1). No mid-Tertiary volcanic 
rocks occur within these ranges, only plutonic rocks. 
The contemporaneous volcanic rocks are confined to 
the flanking ranges to the southwest and northeast. 
A1)l)arent.ly this zone has been uplifted, and erosion 
since the mid-Tertiary has l~moved any preexisting 
mid-Teritary volcanic rocks and exposed the coeval 
plutonic rocks. These, plutonic rocks do not extend 
southeast of Sulphur Spring Valley (fig. 1), and 
tlmir extent to the northwest is not known to us. 

The Galiuro Volcanics is gently defori~md; dips 
uncommonly, if ever, exceed ~0 °. The rocks probably 
were tilted during the basin-and-range deformation 
of late Tert iary time. North of lot, 32°45 ', the Galiuro 
has been deformect into e broad, genele downwarp, the 
axis of which tren~ls east-west at the latitude of 
Aravaipa Creek. The elevation of ~he northern Galiuro 
Mountains probably is due to bounding normal faults 
on the northeast and southwest, a.lt.hough the faults 
are now largely covered by the basin fills of the San 
Pedro and Aravaipu valleys. South of lot ,q2°45 ', the 
pile of Galiuro Volcanic~s forms a tilted fault block 
dipping gently to the east .and southeast; only the 
western side of the mountains here is bounded by 
normal faults, which are well exposed around a butte 
near lot 39°42 ", long 110°99 ' (fig. 2). rk parallel west- 
dipping normal fault, extends for about 3~ km through 
the center of the mountains (fig. "2). This fault has 
a vertical offset of 900-1200 meters and apparently 
was active during the accumulation of the Galiuro 
Volcanics. 

PREVIOUS WORK 

Early d~scriptions of the litho!ogy and distribution 
of the Galiuro Vocanics are brief and generalized. As 
a part  of the description of the walh'ocks of a gold 
prospect in the central part of the Galiuro Mountains, 
Blake (1902) mentioned tufts and lavas, and Darton 
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(1925), p. 273) described the Galiuro Mountains as 
% gloat thickness of Tertiary volc,~nic rocks with some 
included beds of tuff~ ash, and conglomerate." Tim first 
detailed descriptions of the Galiuro Voleanics were by 
Cooper and Silver (1964) and by Simons (196~). Al- 
though Blake referred to Vhe rocks as the Galiuro Rhy- 
olite, Cooper and Silver ohanged Vho name to Galiuro 
Volcanics because of the disperse liVhology. ~Villden 
(1964) published a generalized geologic map of the 
northern end of the Galiuro 5,fountains, Milch contains 
n thin section of the volcan!ie rocks; however, he did 
not correlate those rocks with the Galiuro Volcanics. 
Kreiger (1968a,b,c,d) published detailed subdivisions 
of the volcanic rocks in the Holy Joe Peak quad- 
rangle, and, while evaluating the mineral potential 
of the Galiuro Wilderness, S. C. Creasey (unpub. 
data) mapped in reconnaissance the central Galiuro 
Mountain, which contains the thickest section of the 
Galiuro Volcanics. With the completion of Creasey's 
mapping, the distribution and general character of 
the Galiuro Volca nics have been stndied over an area 
from about la t  32o10 , to about 33o02 ' (fig. 2). This 
paper summarizes what is now known of the general 
stratigraphy, lithology, chemical composition, and 
age of the formation. 

Considering the complex stratigraphic relations of 
ma.ppab!e units within the Galiuro Volcanics, agree- 
ment among those who have pnblished maps of the 
rocks is remarkable. The only difference of major 
importance is between Simons (1964) and Krieger 
(1968a) on interpretation of the stratigraphic rela- 
tion of andesite flows and rhyolite-obsidian near the 
boundary between the /~londyke and Brandenburg 
Mountain quadrangle~ This difference is discussed 
below. 

STRATIGRAPHY 

A profound erosional unconformity separates the 
Galiuro Volcanics from the underlying rock. In  the 
Little Dragoon 5Iountains, the volcanic rocks rest 
on a Tertiary conglomerate, Cretaceous sedimentary 
rocks, and Precambrian granite. In  the middle of the 
Galiuro Mountains, the only exposure of the under- 
lying rock is in a deep canyon at lot 3'2°32 ', long 
110°19'; it consists of the Precambrian Oracle Granite 
of Paterson (1938). 

In  the nortl~ern Galiuro Monutains, where the vol- 
canic rocks thin, the underlying rocks are well ex- 
posed. They consist of Tertiary conglomerate; the 
Tertiary and (or) Cretaceous Copper Creek Granodio- 
rite; the Cretaceous Glory Hole Volcanics; Paleozoic 
sedimentary rocks; and Precambrian diabase, Troy 

Qual~zite, Apache Group, and Pinal Schist. Hence, 
the gently dipping Galiuro Volcanics are draped 
across rocks ranging in age from Precambrian to 
Tertiary. 

Tertial T and Quatern,~ry gravels and basalt over- 
lie the Galiuro Volcanics, mostly sou¢h of la,t 3'2o45 '. 
In  some places, the angular discordance with the over- 
lying rocks is pronounced, and in others it is slight. 

The Galiuro Volcanics accumulated throughout a 
period of about 6 million years, during whiclt time 
volcanism was intermittent and uplift, tilting, and 
erosion were active. Conglomerates, Mfieh are an 
important but subordinate part  of the formation, 
separate most, if not all, of the lithologie units, 
gnd erosional discordances between mxibs are com- 
mon. The most pronounced erosional mlconfolanity, 
on which the topographic relief south of lot 3~°50 ' 
is estimated to be about 800 m, divides the Galiuro 
Volcanies i~to two pa.vts, a lower part  domin- 
ated by lava flows and an upper part by ash-flow 
rafts (fig. 8). Strat i~ 'aphy of theupper  part  o f  the 
Oaliuro Volcanies is complex owing to differences of 
lighology, to lentieularity of the intercalated units, and 
to erosion of one unit before biarial of the next. In  
figure 2, north of lot 82045 ', the upper part  is divided 
into six map units. From oldes~ to youngest they are 
the lower rhyolite-obsidian unit;  the ash-flow tuff and 
andesite unit;  the upper rhyolite-obsidian unit;  tim 
crystM, vitric, and lithic tnff unit; the Apsey 0on- 
glomerate Member; and the upper andesite unit (fig. 
3). 

Andesite-rhyodacite and ash-flow tuff unit 

The andesite-rhyod, acite and ash-flow tuff unit (fig. 
2) includes andesite and latite and ash-flow tuff of 
S. C. Creasey (unpub. data) ;  lower andesite, latite, 
and silicic volcanic rocks of Simons (1964) ; andesite 
of Little Table Mountain, latite, and porphyritic 
andesit~ of Krieger (1968b, c);  and basalt and 
ande~ite and latite of Cooper and Silver (1964). These 
rocks are all listed and correlated i,a fig~are 3. 

The andesite-rhyodacite and ash-flow tuff unit ex- 
tends from about lot 32o15 ' in the Little Dragoon 
Mountains to about 32o50 , where it is overlapped by 
the upper part. Although the thickness of the lower 
part differs from place to place, Krieger (1968b) 
indicated as much as 200 m of flows in the northern 
Galiuro ~fountains, and Simons (1964) more than 
275 m at lot 32o45 '. The thickest section is in the 
central part of the Galiuro MountMns; Creasey esti- 
mates the thickness here as '750-900 m. Soufihward 
from there the thickness diminishes, and in the Little 
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~EXPLANATION 

YOUNGER ROCKS--Includes alluvium, conglom- 
erate, gravels, lake beds, and basalt 

GALIURO VOLCANICS (Teniary)--Includes two parts: 
UPPER PART--Includes: 

Upper andesite unit--includes andesite of Table 
Mountain of Krieger (1968b) and upper andesite 
unit of Simons (1964) 

Apsey Conglomerate Member (Krieger, 1968a and b) 

Crystal, vitric, and lithic tuff unit. includes Hells Half 
Acre Tuff Member of Krieger (1968a and b); upper 
tuff unit and quartz latite unit of Hawk Canyon of 
Simons (1964); and tuff of Willden (1964) 

Upber rhyolite-obsidian unit. Includes rhyolite-ob- 
sidian member and andesites and conglomerate of 
Virgus Canyon of Krieger (1968a); rhyolite-obsidian 
unit, tuff unit of Hawk Canyon, and intermediate 
andesite unit of Simons (1964); and rhyolite of Will- 
den (1964) 

Ash41ow tuff (Tgt) and andesite (Tad) unit. Includes 
Aravaipa Member, tuff and conglomerate of Bear 
Springs Canyon, andesite and conglomerate o! De- 
pression Canyon, tuff of Oak Springs Canyon, and 
Holy Joe Member of Krieger (1968a and b), white 
tuff unit, upper welded tuff unit, rhyolite of Black 
Butte, olivine andesite, lower tuff unit. hornblende 
andesite of Parsons Canyon, biotite dacite unit, and 
lower welded tuff unit of Simons (1964); ash-flow 
tuff unit of Creasey (unpub. data); rhyolite member 
of Cooper and Silver (1964); and basalt and ande- 
site of WJllden 0964) 

Lower rhyolite-obsidian unit. Includes the rhyolite- 
obsidian unit and rhyolite breccia of Cressey 
(unpub. data) 

LOWER PART--Consists of: 
Andesite-rhyodacite (Tga) and ash-flow tuff unit 
(Tgft). Includes latltic laves of Zapata Wash and 
andesite of Little Table Mountain of Krieger 
(1968b); latite subunit, lower andesite unit, and 
pyroclastic cones of Simons (1.964); andesite unit 
of Creasey (unpub. data); and basaltic andesite 
member of Cooper and Silver (1964) 

OLDER ROCKS--Includes Phanerozoic igneous and 
sedimentary rocks and Precambrian igneous, sedi- 
mentary, and metamorphic rocks 

rocks arc-not in contact, she was not certain of tlmir 
stratigral)hic relation. Because both are ovcrlaiu by 
a distinctive porphyrit ic andesite, locally called "tur- 
key track" andesite, she suggested time equivalency. 
At  the to o of the unit, Simon (1964) also l'eCo&mized 
locally the "turkey track" andesite, but  he did not 
map it  separately. He did, however, map separately 
a local latite and a local thin layer of heterogeneous 
silicic volcanic rocks at  the top of the unit. 

Creasey (unpub. data) recognized flows of different 
composition within the lower pai't, but  he did not map 
them separately. In  the field the flows were called 
latite, but  chemical analyses have indicated that  at 
least some are r hyod~ i t e  or rhyolite( table 1, No. 11)~. 
One thick (¢abl~ 1, No. 9) and two th in  ash-flow tuff 
units occur within the lower par t  between lat 32°25" 
and 3'2045 ', but  only the thick tuff (table 1, No. 9) is 
shown in figure 2. The tuff unit  is lenticular. I t  starts 
at about fat 32°421/~" and thickens rapidly southward 
to as much as 580 m;  its southern extent is unknown, 
owing to overlap by the younger gravel in the San 
Pedro valley. 

Lower rhyolite.obsidian unit 

The lower rhyolite-obsidian uni t  (fig. '2) includes 
wedge of sedimentary rhyolit~ breccia lying along 

the eastern flank of the rhyolite-obsidian. The breccia 
accumulated against an active fault  by erosion from 
topographically higher rhyolite-obsidian domes and 
flOWS. 

The lower rhyolite-obsidian uni t  lies between lat 
32033 , and 32041 , a.nd occurs at the base of the upper  
part. I t  must  have been a hill as h igh  as 610 m resting 
on tmdesite and latitic flows at the time of eruption 
of the great  sheets of ash-flow tuff, which eventually 
covered the lower rhyolite-obsidian unit. The  lentic- 
ularity of the uni t  is indicated by a lateral-extent-to- 
thickness ratio of about 2 5 : 1 .  

Contact Ash-flow tuff and andesite unit 

Fault--Dashed where approximately located; que- 
ried where uncertain 

.15 Location of sample for chemical analysis and (o0 
K-At age--Numbers refer to samples in tables 

~Fzou~ 2.--Geologic sketch map showing general  d i s t r i b u t i o n  
and l i thology of the Galiuro Volcanies. 

Dragoon ~[ountgins, it is only as much as 230 m 
(Cooper and Silver, i964). 

WithiIt and~ite-rhyodacit% Kriegci" (1968c) recog- 
nized both ~ndesito and latite, but, because the two 

Within  the strat igraphic interval of the a~h-flow 
tuff and andesite unit, Krieger (1968a,b) separated 
five map  units in the Holy Joe Peak and Brandenburg 
Mountain quadrangles; Simons (1964), eight in the 
Klondyke quadrangle;  Willden (1964) and Cooper 
and Silver (1964), two each in file Christmas and 
Dragoon quadrangles; and S. C. Creasey (unpub. 
(hrta), one in the G~Lliuro Mountains quadrangle. These 
ma 1) units are listed in the  explanation of figure 2 
and are correlated in figure 3. 

z Numbers refer to both chemical analyses and to the locations in 
ltgure 2. 
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NORTHE]RN GALIURO MOUNTAINS 
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1964) 
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Brandenburg Mtn, , j  (modified from 
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Fmu~E 3.--Correlation chart showing relations of stratigraphie units in the Galiuro Volcanlcs within area of figure 2, Thick- 
nesses of.units are maximum in each quadrangle. 
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TABLE 1.--ROCk classification o] analyzed samples of Galiuro lZolca~ics bttscd on rh, cmiettl .rid normttliv~; tmalyses 

Loc. on 
fig. 2 

Laboratory Rock unit of Krieger (1968) Peterson Rittmann Irving and 
no. except nos. 9 and i0 (1961) (1952) Barager (1971) 

O~Connor 
(1965) 

;I 

l 

1 

:!i 

i 

J 

q 

3 MI01317W do do 
4 159531 Aravalpa Member do 
5 F2680 do do 
6 G2965 Holy Joe Member Quartz latlte 

F2678 Andesite of Table Mountain Andeslte Andeslte Andeslte 
F2779 Rhyolite-obsidian member Rhyolite Alkali Rhyolite 

rhyolite 
Rhyolite do Do. 

7 159527 do do 
8 W182412 do do 
9 W182414 Ash-flow tuff unit in do 

andeslte-rhyodaclte unlt 

i0 W182413 Dike do 
ii W182411 Andesite of Little Table Rhyolite 

Mountain 
12 MI01316W Latitlc'lavas of Zapata Wash Rhyodacite 
13 F2681 Andeslte of Little Table do 

Mountain "turkey trac~' 
14 F2682 Andeslte of Little Table Andeslte 

Mountain 

N.A. I 
Rhyolite 

do do Do. 
do do Do. 

Dark quartz .Dacite Do. 
latite 

Rhyolite Rhyolite Do. 
Quartz latlte do Do. 

do do Do. 

do do Do. 
Trachyte do Do. 

Rhyodacite Dacite Rhyodacite 
Trachyandeslte Andeslte Rhyolite 

Olivine do N.A. 
andeslte 

I 
Contains less than i0 percent normative quartz; classification does not apply, 

Ash-flow tufts dominate this unit. They make up the 
Holy Joe and Aravaipa Members of Krieger (1968 a, 
b) ;  the lower and upper welded tufts and white tuff 
units of Simons (1964), the ash-flow tuff unit  of 
Creasey (unpub. data), and the rhyolite (ash-flow 
tuft) and conglomerate members of Cooper and Silver 
(1964). North of lat 32°45 ', the bulk of the ash-flow 
tufts are in two sequences separated by andesite, 
dacite, rhyolite, conglomerate, tuff, and minor ash- 
flow tuff. In  fi~lre 2, all the rocks that separate the 
two sequences of ash-flow tufts are shown as andesite, 
but the details of the st.ratigr~Lphy are in figure 3 in 
the columnar sections for the Holy Joe Peak-Branden- 
burg Mountain and Klondyke quadrangles. Although 
not shown in either figure 2 or 3, at least five andesite 
flows occur in the Galiuro Mountains quadrangle 
within the ash-flow tuff unit. 

Upper rhyolite-obsidian and andesite unit 

The upper rhyolite;obsidian unit  includes rhyolite- 
obsidian, the andesite and conglomerate of Virgus 
Canyon of I(rieger (1968a, b), the intermediate ande- 
site unit and tuff unit of Hawk Canyon of Simons 
(1964), and the tuff and rhyolite of Willden (1964) 
(fig. 2). 

In that part of the southern end of the Christmas 
15' quadrangle covered by volcanic rocks, Willden 
mapped two small areas of rhyolite and tlm re- 

mainder as tuff and rhyolite undivided. The latter is 
interpreted to include rhyolite-obsidian, Hells Half 
Acre Tuff, a n d A p s e y  Conglomerate Members of 
Krieger (1968u, b, d) ; figure g shows Krieger's inter- 
pretation of the distribution of these members in the 
Christmas 15' quadrangle. 

The outcrop of the upper rhyolite-obsidian unit in 
figure 2 is restricted to the area between lat 32°55 ' and 
33o02 ' . Despite this lateral restriction, it is about 
300 m thick. The exposed-lateral extent-to-thiclmess 
ratio is about 40:1, which differs somewhat from the 
25:1 ratio for the lower rhyolite-obsidian unit. 

Crystal, vitric, and lithic tuff; Apsey Conglomerate 
Member; and upper andesite unit 
The three units overlying the upper rhyolite- 

obsidian unit of fi~lre 2 are not composite except for 
the inclusion of a small urea of lat.ite flows with the 
upper tuff unit in the Klondyke quadrangle. The 
stratigraphic relations of the three units are shown 
in figure 3. Although agreement on the stratigraphy 
above the ash-flow tuff and andesite unit is generally 
good, Simons (1964) and Krieger (1968a) disagree on 
the position of the upper andesite unit. The differences 
between their interpretations of the stratigraphy ar~ 
shown in figure 4. Krieger believes that the uppel 
andesite unit north of Aravaipa Creek, which loealI~ 
rests on tlw upper rhyolite-obsidian unit, is abow 
Simons' upper tuff unit, whereas Simons believes i~ 
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Andesite of Table Mountain 
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Rhyolite-obsidian member 
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Virgus Canyon 
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Conglomerate 
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- 0  

:FiGuxs 4.--Difiierence between Simons' and Krieger's interpretations of stratigraphic position of upper andesite unit. 
Simon's (1964) stratigraphy in Klondyke quadrangle. B, Krieger's reinterpretation of stratigraphy in Klondyke qua~ 
tangle, C, Krieger's (1968a, b) stratigraphy in Holy Joe Peak and Brandenburg Mountain quadrangles. 

is below that unit. Krieger based her r~interpl~tation 
on corre.l~tion of Simons' upper andesite unit with 
her undesit¢ of Table Mountahx, which clearly over- 
lies the Apsey Conglomerate Member in the Holy 
Joo Peak quadrangle. Also, the correlation of the 
upper tuff unit and the Hells Half Acre Tuff Mem- 
ber seems clear-cut. In addition, Xrieger believes that 
what Simons called the upper andesite unit in Ara- 
vaipa Creek in the Xlondyke quadrangle is the same 
as her upper andesite of Virgus Canyon in the Brand- 
enburg Mountain quadrangle. She was able to walk 
the ou~rop of the andesite from one locality to the 
other, a distance of about 2.5 kin.. Simons based his 
designatiou on the observation that the. andesite in 
Aravaipa Creek in the Klondyke quadrangle overlies 
the upper rhyolite-obsidian unit. However, Krieger 

believes that the andesit¢ actually underlies that uni! 
These relations and her correlations are shown in fi~ 
ure 4. More detailed information is presented in th 
geologic maps of Simons (1964) and Krieger (1968a) 

LITHOLOGY 

Andesite-rhyodacite and ash-flow tuff unit 

The lava flow parts of the andesite-rhyodacite an~ 
ash-flow tuff unit are complex sequences of predon~ 
inantly dark colored flows that contain minor tuf 
agglomerate, rocks of vent are~, and intrusive rock: 
Some flows have basal reddish flow breccia and sea1 
i~eous tops, and about one-third of the flows ar 
either vesicular or amygdaloida] or both. Most ar 
porphyritic, but some are aphyric. Flow banding i 
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rare, but it was observed by Krieger (1968b) in some 
latite flows. These rocks range in chemical composition 
from rhyodacite to andesite (table 1, Nos. 1, 11, 13, 
14); by some chemical classifications,' rhyolite flows 
may be represented, but if so, they are atypical in ap- 
pearance. 

The appearance of the flows is deceptive. They are 
typically dark colored, commonly red, purple, gray, 
or brown, owing to finely disseminated iron in the 
groundmass, yet some of these rocks are  chemically 
rhyodacite or rhyolite. The phenocryst content ranges 
from virtually 0 to an estimated 25 percent, but typi- 
cally it is low, particularly in the andesitic flows. This 
low phenocryst content means that  the only megascopic 
minerals are those that  crystallized early and that 
under normal conditions some of these would have 
later reacted and disappeared. For example, some 
of these rocks that  contain olivine phenocrysts are 
oversaturated with silica; that  is, they con~Mn r~orma. 
tire quartz and are rich in alkalic elements, which are. 
all in the microcrystalline groundmass. The rocks are 
not especially rich in iron, but iron is finely divided 
in the groundmass, and the rocks appear much darker 
than if the bulk of the iron were concentrated in 
meg~ascopic minerals. These factors make it  difficult to 
determine rock types from either megascopie or micro- 
scopic examination, and therefore the relative abund- 
ance of andesite, latite, or rhyodacite is unknown; the 
best determination of rock types is through chemical 
classifications (table 1). 

The porphyritic andesite, known locally in south- 
eastern Arizona as "turkey track" andesites because 
of the glomeroporphyritic habit of large tabular pla- 
gioclase phenocrysts, are a distinctive type. They occur 
at or near the top of the unit near lat 32°45 ' and 
elsewhere in the section. The coarsely porphyritic an- 
desite consists of large platy pla~oclase phenocrysts 
('2-15 millimeters) and of smaller grains of  olivine 
and magnetite(?) set in am intergranular or pilo- 
taxitic groundmass composed of plagioclase microlites, 
pyroxene, magnetite, and potassium feldspar. In  con- 
trast, the common andesite flow in the unit is por- 
phyritic (small phenocrysts) with a microcrystalline 
pilotaxitic ground_mass. About i out of 10 ,a~desite 
flows, however, is aphyric microgranular. Phenoerysts 
consists of plagioclase and lesser amounts of clinopy- 
roxene and (or) altered olivine; the groundmass com- 
prises pla~oclase micro]ira% pyroxene, and iron oxide 
minerals that commonly so obscure the groundmass 
that resolution of minerals is difficult. 

The more silicic flows in this unit differ from the 
more basic ones both in texture and phenocrys~ com- 
position, and they typically ring when struck with a 

hammer. These flows are all conspicuously porphy- 
ritic; plagioclase phenocrysts are dominant, biotite is 
almost always present, and clinopyroxene occu~ in 
about one out of every four flows. Groundmuss tex- 
tures are microgranular in marked contrast to the 
pilotaxitic and intergranular texture of the andesites, 
and tlm groundmass minerals consist of plagioclase, 
potassium feldspar, and marie constituents including 
much iron oxide. Silica in some form is probably 
present to judge by the normative quartz content, but 
quartz was not recognized as a g~'oundmass mineral. 

Table 2 lists four chemical analyses (Nos. 11-14) 
from the andesite-rhyodacite and ash-flow tuff unit, 
and figure 2 shows the locations of the samples. Two 
of these (Nos. 13 and 14) are from Simons (1964); 
they were collected to represent the common andesite 
and the "turkey track" andesite, respectively. Of the 
other two analyses, one is from a rock selected for 
potassium-argon age determination (table 1, No. 11); 
it was selected because of the high content of largo 
unaltered biotite books and therefore probably repre- 
sents the most differentiated (quartzose and alkalic) 
rock in the unit;  the other, a rhyodacite (Tlz of 
Krieger, 1968b), also represents a differentiated type. 
Table 1 lists four different chemical classifications for 
the analyzed rocks of the Galiuro Volcanics. By the 
classification of O'Connor (1965), the rocks are domi- 
nantly rhyolitic, whereas by the more recen~ classifi- 
cation of I rving and Barager (1971), developed for 
the Geological Survey of Canada, they range from 
andesite to rhyolite. In  her previous publications, 
Krieger has used the American Geolo~cal Institute 
classification (Peterson, 1961), and, when using rock 
names in this report, we will use that  system insofar 
as it is possible. However, volcanic rock names derived 
from megascopic and microscopic examination com- 
monly differ significantly from those derived from 
chemical analyses. Some inconsistency is inevitable 
because rock descriptions in this report are derived 
from both microscopic examinations and chemical 
analyses. 

The ash-flow tuff interbedded in tha andesite-rhyoda- 
cite is light-pinkish-gray to pale-red-purple, predom- 
inantly welded tuff; the vitrophyre is brown to black. 
The tuff consists of phenocrysts of plagioclase, san.i- 
dine, and dark-red-brown biotite in a groundmass 
of partly to completely devitrified glass in which only 
feldspar microlites can be recognized. Iron ores, 
sphene, apatite, and zircon are accessory minerals. 

A chemical analysis of one of the~e ash-flow tufts 
is t~presented by number 9 (table 2) ; the location of 
the sample is shown in figure 2. I t  is higher in silica 
and alkalic metals than the most differentiated of the 
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TABLE 2,--ChcmicaI and spcrtrographic a~mlys~s and catmtorms o/ Galiuro Volcanic8 

[Major oxide analyses by standard methods described in Peck (1964): 1, 2, 5, 13, 14 by D. F. Powers; 6 by J. W. Goldsmith; 'by methods described In 
Shapiro (1967): 8, 9, I0, ii by P. Elmore; by methods described in Shapiro and Srannock (1962), supplemented by atomic absorption: 3, 12 by 
P. Elmore, L. Artls, G. Chloe, J. Glenn, S. ~tts, H. Smith, and D. Taylor; 4, 7 by P. El~re, S. Botts, H. Smith, and D. Taylor. ~nor- 
element analyses by semiquantltative spectrographic methods in parts per million to the ne~arest nl~mber in the series 1, 0.7, 0.5, 0.3, 0.2, 0.15, 
and 0.i; the numbers represent approximate midpoints of group data on a geometric scale. The assigned groups for semlquantltative results includ~ 
the quantitative value about 30 ~ercent of the time. N, not detected; d, barely detected, concentration uncertain; ---, not looked for. Looked 
for but not found: As, Au, Bi, Cd, Dy, Er, Eu, Ce, Hf, Ho, In, LI, Lu, Pd, Re, Sb, Sm, Ta, Th, Te, Th, TI, Tm, U, W. Dy, Er, Lu, Th, Tm not 
looked for in 3, 8-12. Hf not looked for in 8-11] 

Andestte Upper Aravaipa Member Holy Joe M e m b e r  Ash-flow Dike Asdesl te- rhyodact te  uni t  
of Table rhyol l te -obs id lan  tuff unl t  I 
~untaln unit 

Lab. no. F2678 F2679 M101317W 159531 F2680 G2965 159527 W182412 W182414 W182413 W182411 MI01316W P2681 2F2682 

Loc. on f i g .  2 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

SiO 2 53.95 72.83 74.6 73.4 72.92 65.17 68.5 68.4 64.2 66.9 63.4 64.6 57.59 52.45 
A1203 17.06 12.94 13.5 13.6 13.37 . 14.67 15.2 15.70 17.7. 16.0 17.2 16.4 16.70 16.99 
Fe203 4.24 1.13 1.3 1.2 1.36 2.04 2.5 2.60 3.1 3.0 4.2 4.4 6.55 6.11 
FeO 4.23 .19 .12 .08 .02 .22 .30 .16 .16 .24 .20 .28 .99 2.88 
MgO 3.91 .18 .11 .47 .51 1.40 .80 .54 .92 i.I 1.5 i.I 2.15 3.10 
CaO 8.04 .41 .38 .44 .53 1.44 1.3 1.60 1.6 1.5 .90 3.3 5.27 7.02 
Na20 3.66 4.10 4.2 3.6 3.42 2.97 3.8 4.10 3.6 4.1 4.3 4.2 4.05 3.79 
K20 1.60 4.69 4.5 5.2 5.29 4.73 5.7 4.80 5.7 4.5 5.4 3.2 2.87 2.71 
H20+ .40 2.98 .42 .93 .63 2.73 .53 .70 1.0 1.9 .30 .61 .72 .86 
H2~ .69 .18 .i0 .93 1.04 3.43 .32 .42 .84 .22 .80 .39 1.02 1.08 
TiO 2 1.39 .19 .21 .24 .22 .49 .56 .61 .59 .74 --- .85 1.37 1.79 
P205 .29 .02 .03 .06 .03 .iO .16 .12 .19 .19 .30 .34 .38 .67 
MnO .13 .i0 .i0 .08 .07 .07 .08 .09 .16 .14 .13 .12 .I0 .13 
CO 2 .03 .01 <.05 <.05 .04 .01 <.05 .08 .30 .03 .06 <.05 .01 ,13 
C1 .01 .06 . . . . . .  .01 .05 . . . . . . . . . . .  .01 .01 
P .05 .IO . . . . . .  .06 .ii . . . . . . . . . . .  .06 .07 

Subtotal 99.70 99.61 99.52 99.68 99.84 99.79 
less oxygen .02 .05 .03 .05 .03 .03 

Total 99.68 99.56 i00 I00 99.49 99.63 i00 i00 99 99 99 i00 99.81 99.76 
Powder density 2.84 2.40 2.57 2.71 2.79 

SEMIQUANTITATIVE SPECTROGRAPHIC /dIALYSES 

Ag -- --- <0.7 <0.7 N N <0.7 N N N H <0.7 N N 
B -- -- 10 30 N 15 N 15 N N N ~ N 
Ba 700 300 50 500 300 700 2,000 1,000 2,000 1,000 1,500 1,000 1,500 700 
Be N 3 5 5 3 30 3 3 3 2 2 2 N. 1.5 
Ca ~ d 100 100 d 150 300 N a N N 70 d d 
Co 30 N N N N 1.5 5 2 3 2 7 7 30 30 
Cr 30 N N 3 3 1.5 20 3 N 30 3 N I. 5 30 
Cu 70 3 3 3 3 70 20 10 7 100 30 3 .70 300 
Ga 15 15 20 20 15 15 20 15 15 15 15 1.5 15 15 
C~i N N --- N N --- 30 . . . . . . . .  N N N 
La 30 70 70 50 70 70 150 100 70 70 70 50 70 70 
MO N d 2 3 N 3 3 3 N N N 5 N . N 
Nb 15 30 30 20 30 15 20 15 10 15 10 15 15 15 
Nd N 150 N N d 70 150 N N N N N d 150 
Ni 30 N N 10 N N 30 N N N 15 N 15 70 
Pb N 15 50 30 30 30 30 30 20 20 20 30 15 d 
Se 30 7 5 3 7 7 10 7 7 7 7 7 15 13 
Sn N N N N N 7 N N N N N N N N 
Sr 1,500 15 7 70 70 300 500 500 500 500 700 500 1,500 1,500 
V 700 N N i0 15 15 50 20 20 30 30 30 300 300 
Y 30 30 30 30 30 30 70 30 30 30 15 30 30 30 
Yb 3 3 3 3 7 3 7 3 2 3 1.5 3 3 3 
Zn . . . .  N N -- N N N N N N . . . . .  
Zr 150 300 200 200 300 300 1,000 500 500 500 200 200 300 • 300 

MOLECULAR NORM CALCULATIONS (PERCENT) 

St 50.99 70.04 70.18 69.59 69.63 65.09 64.39 64.33 60.56 63.10 59.89 61.O0 54.83 50.13 
A1 19.01 14.67 14.97 15.20 15.05 17.27 16.84 17.41 19.98 17.79 19.15 18.26 18.78 19.14 
Fe 3+ 3.02 .82 .93 .86 .98 1.54 1.77 1.85 2.21 2.13 2.99 3.13 4.71 4.40 
Fe Z+ 3.36 .16 .i0 .07 .02 .19 .24 .13 .13 .19 .16 .23 .79 2.31 
M~ 5.51 .26 .16 .67 .73 2.09 1.13 .76 1.30 1.55 2.12 1.55 3.06 4.42 
Ca 8.15 .43 .39 .45 .55 1.55 1.31 1.62 1.62 1.52 .92 3.34 5.39 7.19 
Na 6.71 7.65 7.66 6.62 6.34 5.76 6.93 7.48 6.59 7.50 7.88 7.69 7.49 7.03 
K 1.93 5.76 5.40 6.29 6.45 6.03 6.84 5.76 6.86 5.42 6.51 3.86 3.50 3.31 
Ti .99 .14 .15 .18 .16 .37 .40 .44 .42 .53 .61 .99 1.29 
P .24 .02 .03 .05 .03 .09 .13 .i0 .16 .16 .24 .28 .31 .55 
Mm .11 .09 .08 .07 .06 .06 .06 .08 .13 .12 .Ii .i0 .09 .11 
C .04 .02 .06 .02 .ll .39 .04 .08 .02 .17 
H (2.53) (19.12) (2.64) (5.89) (4.02) (18.19) (3.33) (4.40) (6.30) (11.96) (1.90) (3.85) (4.59) (5.49) 
Cl ( .02) ( .10) ( .02) ( .09) (.02) (.02) 
F (.15) (.31) (.19) (.35) (.19) (.22) 

Total Anlons 160.48 181.22 173.09 174.35 173.71 178.64 169.06 170.21 168.96 173.37 165.15 168.85 165.12 161.98 

iAsh-flow tu f f  in lower andes l te - rhyedac i te  un i t .  2"Turkey t rack"  andes l te .  
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TABLE 2. ~-2-Chemieal and spectrographic analyses and catanorms of Galiuro Voleanics--Continued 

Andeslce Upper Aravalpa  Member Holy Joe Member Ash-flow Dlke 
of Table r h y o l i t e - o b s l d l a n  tuff unit 
Mountain unit 

Andeslte-rhyodacite unlt 

125 

Lab. n O *  

Loc. on fig, 2 

F2678 F2079 KI01317W 159531 F2600 G2965 159527 W182412 W182414 N182413 

1 2 3 4 5 6 7 8 9 10 

N182411 MI01316W F2681 F2682 

11 12 13 14 

CATANORM (PERCENT) 

Quartz 5.79 29.42 30.16 29.47 29.90 25.48 19.80 21.17 16.99 20.37 
Corundum .90 1,23 1,56 1,57 3,13 ,89 1,47 4,28 2,43 
Orthoolase 9,65 28,77 27,00 31,45 .32,22 30,14 34,18 28,80 34,20 27,08 
A / b i t e  33.45 37.74 38.30 33.09 31.58 28.34 34.63 37.39 32.93 37.49 
Anorthlte 25,96 1,17 1,72 1,84 1,82 6,14 5,49 6,76 4,89 6,13 
Halite .04 ,20 .04 ,17 
Wollastoalte 4,98 
Enstatlte 11,02 ,52 ,31 1,33 1,46 4,17 2,25 1,52 2,59 3,10 
F e r r o s t l t t a  1,94 
Magnetite 4,53 .30 .08 
Hemati te  ,63 ,86 ,98 1,54 1,77 1,85 2,21 2,13 
llmenite 1,98 ,28 ,30 ,26 1,15 ,49 ,59 ,40 ,51 ,61 
Rutile ,05 ,09 ,13 ,II ,24 ,17 ,23 
Apatite ,62 .05 .07 ,13 .07 ,23 ,34 ,26 ,41 ,41 
Fluor£te ,11 ,45 ,26 ,48 
Calc i te  .08 .03 .11 .03 .21 .78 .08 

Total 100.09 100,40 100,O1 I00,01 100,19 100,41 I00,01 i00,01 100,01 100,01 

Dlopslde 9,96 
D t - W O  4.98 
Di-En 4,24 
Di-Fs .75 

Hyperethene 7,98 ,52 ,31 1,33 1,46 4,17 2,25 1,52 2,59 3,10 
Hy-En 6,79 ,52 ,31 1,33 1,46 4,17 2,25 1,52 2,59 3,10 
Hy-Fe 1.20 

Percent An 43,70 3,0 4,29 5,26 5,44 17,80 13,68 15,30 12,94 14,04 
D,I, 46,9 92,6 94,7 92,9 92,8 81,3 87,4 86,0 82,8 82,6 
k-value ,224 ,430 ,414 ,488 ,505 ,312 ,497 ,436 ,511 ,420 
mg-value .460 ,197 ,124 ,404 ,409 ,540 ,353 ,271 ,346 ,389 
e[a-value .427 ,232 ,153 ,139 ,166 ,202 ,263 ,245 ,136 ,201 
Alk/fm value ,419 ,911 ,913 ,$87 ,878 ,754 ,813 ,826 ,732 ,765 

13,77 19.05 10.26 4.27 
3.90 .94 

32.5& 19.28 17.47 16.53 
39.38 38.45 37.37 35.04 
2,17 14.43 19,52 22,07 

.04 .04 
1.62 3.38 

4.23 3.10 6.12 8.84 

.79 3.37 
2.47 3,13 4,71 2,16 

.64 1.75 2.58 

.29 .34 
.64 .73 .82 1.45 

,12 ,05 
.16 ,03 .34 

100.01 I00.01 100.10 100.05 

3.23 5.75 
1.62 3.38 
1.62 3.38 

4.23 3.10 4.51 , 5 .46 
4 .23  3 . ! 0  4.51 5.46 

5.22 27.29 34.32 38.65 
84.7 75.1 62.6 53.2 

• 453 ,334 ,318 ,320 
,395 ,311 ,355 ,394 
.084 .301 .385 .410 
.729 .599 .561 .480 

flows in the unit, and, as will be discussed later, its 
source probably differed from that of the flows. By 
chemical classification, the tuff is either a quartz 
latite or a rhyolite (table 1). 

Lower rhyolite.obsidian unit 
The lower rhyolite-obsidian lmit consists of domes, 

stubby flows, and subordinate tufts and breecias. The 
color ranges widely: the stony (devitrified) and the 
originally microciTstalline rhyolites are off-white, 
pale red, pink, and orange, and the obsidians ale dark 
hues of hearty black, brown, red-brown, green, and 
yellow. Contovt~xt flow banding is common but not 
ubiquitous. Spherulites and ]ithophysae are common. 

The rhyolite-obsidian is composed of phenocrysts 
and sanidine (most abundant) and quartz and sparse 
biotite and albite. The groundmass of the obsidian is 
either glass or devitrified glass, and that of the rhyo- 
lite is microcryst~lline, containing feldspar microlites. 

A sedimentary breccia (fig. 3) that  is pai~ of the 
lower rhyolite-obsidian unit crops out in the central 
part  of tlm Galiuro Mountains. I t  represents rhyolite 
debris transported eastward from the topographically 
higher rhyolite-obsidian domes and' flows and de- 
posited against the fault scarp of the longitudin,~l 

fault in tile central Galiuro Mountains. The breccia 
is crudely bedded, the beds typically dipping gently 
eastward except near the fault on the eastern margin 
of the breccia, where dips are as steep as 80 ° E.; 
these steep dips are attributed to movement along the 
fault during accumulation of the breccia. Individual 
beAs are d isordered accumula t ions  of  anguh t r  clasts 
ranging in size from microscopic to 1 or 2 m in dia- 
meter. Sorting within beds appears to be nonexistent 
and is only crude between beds. Rounding of frag- 
ments is minimal. Although the source of the frag- 
ments is primarily the mlderlying lower rhyolite- 
obsidian unit, fragments of ash-flow tuff are common, 
and here and there fragments of andesite occur." 

Ash-flow tuff and andesite unit 

Both Krieger (1968a,b) and Simons (1964) mapped 
the Ga]iuro Volcanics in detail, and both recognized 
two sequences of ash-flow tufts, the Holy Joe and 
Aravaipa Members of Krieger and the lower and 
upper welded tuft and white tuff units of Simons. Both 
sequences probably extend into the central part of 
the G~diuro 5Iountains, but Creascy made no attempt 
to divide them. 
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The Holy Joe Member has • white- to cream- 
colored, nonwelded tuff base theft grades upward into 
brown, partly welded tuff, "blac.k vitrophyre, and typ- 
ic~fl reddish, strongly welded devi,trified tuft. I t  is com- 
posed of phenocrysts or fragments of phenocrysts 
(about 10 percent) of plagioclasc, biotite (oxidized in 
devitrified rock), quartz, sanidine, and sparse clinopy- 
roxene and magnetite; rock fragments and pumice 
lapilli are common. Except for the nonwelded base and 
the vitrophyr% the matrix has devitrified to u crypto- 
crystalline mass. As seen in thin sections~ shard stl-dc- 
ture is not well preser,~ed in some welded tuff south 
of let 32°45 ' but is generally well preserved in welded 
tuft north of that  latitude. In the Holy Joe Peak 
quadrangle, the member w ~  erupted as vel"y hot ash 
flows that became densely welded and cooled as a 
unit. 

Three samples of welded devitrified ash-flow tuff 
from the Holy Joe Member were analyzed (table 9, Nos. 
6-8; geographic locations shown in fig. 2). The classi- 
fication from the chemical analyses is either quartz 
]atite or rhyolite (table 1). Quartz latite would be the 
more appropriate field term, as plagioclase and quartz 
phenocrysts are ubiquitous and sanidil~e sparse. 

Between the Holy Joe Member and the next over- 
lying major rock unit (Aravaipu Member) is a se- 
quence of local tufts, conglomera~tes, and andesitic to 
dacitic flows. North of let 32°45 ' and west of long 
110°30"~ Krieger (1968a,b) recognized a white to 
grayish-orange-pink rhyolitic tuff containing crystal 
fragments of quartz~ feldspar, and biotite and pumice 
lapilli and accidental rock fragments (tuft of Oak 
Springs Canyon). Above this tuff, a sequence from 
top to bottom of conglomerate, vesicular and amyg- 
daloidal andesite, and conglomerate (andesite and 
conglomerate of Depression Canyon) is exposed. 

The andesite consists of phenocrysts of plagioclase~ 
altered olivine, clinopyroxene~ and magnetite in a 
pilotaxitic groundmass of plagioclase microlites, 
clinopyroxene, iron ores, some potassium feldspar, and 
t~lteration products.. The conglomerates contain clasts 
from Paleozoic rocks, from older members of the 
Galiuro VoIcanics~ and locally from Late Cretaceous 
and (or) early Tertiaxy volcanic and intrusive rocks. 

The next overlying unit (tuft and conglomerate of 
Bear Springs Canyon) consists of a thin, light-colored, 
rhyolitic ash-flow tuff tl-mt is both overlain and under- 
lain by thin conglomerate beds. The tuff is composed 
of pumice lapilli, and crystal and accidental rock 
fragments. Tlm clast in the conglomerate were derived 
from Paleozoic and older rocks and from older mem- 
bers of the Galiuro Volcanics. East of long 110°30'~ in 

the same stratigral)hic interval between the Holy Joe 
and Arawtil)a Members, Simons ('1964) reeo~lized, 
from bottom to top, a biotite dacite, hornblende ande- 
site, silicic tuff, silicic welded tuff, olivine andesite. 
and i)orphyritic rhyolite. Not all of these units occur 
in one place, and the tufts, which are rhyolitic, differ 
from place to place in induration and color. The horn- 
blende andesite consists of long phcnocrysts of brown 
hornblende (oxidized) and plagiocl~e in a ground- 
mass of plagioc]ase micro]ires, iron ore, and inter- 
stitial devitrified glass. The olivine andesite consists 
of small phenocrysts of clinopyroxene and red olivine 
in an intergranular groundmass of plagioclase laths 
and interstitial iron ores, olivine, and pyroxcne. Figure 
3 shows the correlation between Simons' and Kriager's 
map units in the stratigraphic interval between ~/he 
two major ash-flow tufts. 

In  the central part  of the Galiuro Motmtains within 
tlm ash-flow tuff unit between la.t 32°30 ' and 3~2°45 ', 
Creasey mapped about five andesite flows separated 
by tufts and welded tufts. Some crystal-litMc and esit-ic 
tufts associated with the andesite consist of lithi¢ 
fragments of andesite and welded tuff and crystal 
fragments of plagiodase, quartz, and biotite in a tuft 
matrix. The andesite flows consist of phenoerysts of 
plagioclase and clinopyroxene in ~ pilotaxitic ground- 
mass of plagioclase microlites and interstitial iron 
ores, pyroxene, and unidentified material  • 

The upper ash-flow tuff, the A.ravaipa Member of 
Krieger (1968a,b) and the white tuff and upper 
welded tuff units of Simons (1964), is a simple cooling 
unit a.nd probably a single ash flow. I t  is composed 
of pumice lapilli, crystal fragments (totaling about 
6 percent of the rock) of feldspar (sanidine and 
plagioclase), quartz, and biotite, and sparse exotic 
fragments, chiefly dark volcanic rocks, in a matrix 
of shards. In  the Holy Joe Peak quadrangle, the 
ash flow typically has a light-colored nonwelded b a ~  

brown-to-black vitrophyre, a densely welded devitri- 
fled zone ttmt in the lower part contains large vugs 
and silica-lined lithophysae , 't somewhat lighter 
colored columnar-jointed zone~ and a slope-forming 
~'e, ry light gra.y to white slightly welded top. The two 
upper units show both devitrification and va.por- 
phase, crystallization. The transition from the interior 
of the ash flow, which shows pronounced vertical zona- 
tion, to the distal end of the ash flow, is completely 
exposed in the east-central part  of the. tIoly Joe Peak 
quadrangle. Tlie distal end is nonwelded; it 'has been 
completely zeo]itized. Table 2 lists two chemical anal- 
y~,s (Nos. 4 and 5) of the Aravaipa Member, which 
by diemical c'lassification is a rhyolite (table 1). 
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Upper  rhyo l i te -obs id ian  unit  

Above the Aravaipa Member and below the rhyolite- 
obsidian member and no r th  of lat 3"2045 ', Krieger 
(1968a,b) recognized an upper a.nd lower andesite 
~parated by a conglomerate (andesite and conglom- 
er,%te of Virgus C~lyon),  whereas Simons (1964) 
also recognized two andesites (intcrmedi,~te and apper 
andesite units) but not ~he conglomerate. In  tlm north- 
west part of t:he Klondyke quadrangle, a tuff unit 
(tuff of Hawk Canyon) lies between his intermediate 
ax~desite and rhyolite-obsidian. 

The lower aI~desite, a '~tul'key track" andesite, is 
medium gray on fresh fractures and light brown on 
weathered surfaces. I t  is composed of lathe plagioc]ase 
l~ths as long as 20 llmX and small altered olivine and 
clinopyroxen~ in an interselt.al or pilotaxitic ground- 
mass of pla~oclase mierolites, c]inopyr0xene, iron 
ores, altere'd olivine, ~p~tit~ needles, and glass. 

The conglomerate between the two andesites con- 
sists of clasts derived from underlying "turkey track" 
andesite and from older rocks in a sand matrix. I t  
t, hins and is largely absent in the Klondyke quad- 
rangle. The upper "andesite is dark colored, film 
grained, and amygd~loidal. I t  consists of small pheno- 
crysts of t)lag-ioclase, altered olivine, and cHnopyrox- 
erie in an intergranular groundmass of andesine micro- 
iites and granules of clinopyroxene and sparse olivine 
~nd iron ore. 

The tuff unit of Hawk Canyon of Simons is 
cream-colored or pink massive c9arse-gT~ined rough- 
weathering rock composed of crystals of feldspar and 
quartz an'd fragments of volcanic rock in a glassy or 
pumiceous .matrix. 

The rhyolite-obsidian part  of the unit is composed 
chiefly of domes and stubby flows and subordinate 
brezciu, agglomerate, ~nd cinder cones. Color of the 
obsidian ranges from gray to bla~k; rhyolite is gray. 
Obsidian is perlitic to lithophys~l. Both rhyolite and 
obsidian are characterized by finely laminated to con- 
torted flow layering. Some breccia consists of angular 
fragments of vesicular rhyolite and obsidian. Rhyo- 
lite and obsidian contain sparse sanidine, quartz, 
p]agioclase, pyroxene, hornblende, iron oxide, sphene, 
• nd scattered accidental fragments. Lithophysae, gen- 
erally 10-30 mm in diameter, are strtmg out in places, 
giving large outcrops ~ steeply dipping bedded ap- 
pearance. Table 2 lists two chemicM analyses (Nos. 

and 3) for the rhyohte-obsidian, which by chemical 
classification is a rhyolite (table 1). 

Crystal, vitric, and iithic tuff unit 
OveHying the upper rhyolite-obsidian and andesite 

unit is ]~tite (quai~z latite of Hawk Canyon of 
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Simons, 1964) and tuff (Hells Half Acre Tuff ~hiem- 
bet o f  Kriegcr 1968 a, b, d", upper tuff unit of 
Simons, 1964; and tuff of Willden, 1964). The quartz 
latitc of Hawk Canyon occurs only east. of long 
110°30 ', I t  is a massive reddish rock composed of 
abundant phenocrysts from 1 to 5 nun long of pink 
potassium feldspar, gray plagioclase, quartz, and 
biotite in a stony groundmass. 

Tim lowest subulfi~ of the Hells Half  Acre Tuff 
Member is "t cliff-forming rhyolite tuff. In  the Klon- 
dyke qua.drangle, it is predominately coarse grained 
but contains 'interbeds of fine-grained crystal-rich tuff; 
the lithic fragments are chiefly rhyolite derived from 
t.he rhyolite-obsidian. In  the Holy Joe Pea.k 15' quad- 
rangle, the lowest subunit is a w~ter-laid tuff, de- 
posited in water impom~ded behind rhyolite flows; 
it is fine grained and contains fragments of pumice 
lapilli and crystals of qual~z, feldspar, and biotite. 
Here it locally appeam to be contemporaneous with the 
rhyolite-obsidian. 

Resting on the lowest subunit is a massive, white, 
cliff-forming tuff composed of pumice lapilli, obsidian, 
~nd grains of quartz, feldspar, and biotite in ~ matrix 
of white ash. At least part of Vhe subtmit is pr(~bably 
a nonwelded to slightly welded ash-flow tuff. Pumice 
lapilli and some of the shard matrix have been 
altered to ciinoptilolite. 

The upper subunit is a variable %tric, ]ithic, and 
crystal tuff. I t  ranges in color from white to yellow- 
brown to brown. Some beds are cliff forming, a.nd 
some are slope forming. I t  ranges from coarse to fine 
grained, and local beds are water laid. Lithic frag- 
ments comprise rhyolite, obsidian, pumice lapilli, and 
stony vitrophyre. Crystal fragments are qtmrtz, feld- 
spar, and biotite. 

Apsey Conglomerate Member 

The kpsey ,Conglomerate Member crops out promi- 
nently in t'h~ Brandenburg and Holy Joe Peak quad- 
rangles, but it laps out eastward against th~ rhyolite- 
obsidian; i t  was not a mapp,able unit in the Klondyke 
quadrangle. I t  is a light-colored cliff-formin'g conglom- 
erate and conglomeratic tuff containing pebbles, cob- 
bles, and scattered boulders derived from 0he rhyolite- 
obsidian m~mber. I t  also contains spars~ to locally 
abundant cl'asts of older rocks including members of the 
Galinro Vol~.anics older than the upper rhyolite-obsidi- 
an unit. The indurated and sandy tlmtrix consias ~ of 
qttartz, feldspar, and m~any small lithic fragments. 
Pumice lapil]i 'and shards are locally common, e~ 
peel'ally in the lower pai¢. 
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Upper andesite unit 

The ~ndesit~ of Table l~ountMn of Krieger (1968b) 
and part  of the up,per andesit~ unit of Simons (1964)~ 
and possibly "basalt of Gila Conglomerate" of Willden 
(1964) that  rests on the upper rhyolite-obsidian unit, 
are composed of dark-colored fine-grained amygda]oi- 
dal lavas, in which individual flows commonly have 
scoriaceous tops and flow breccia or agglomera~ic 
bottoms. The andesite consists of small phenocrysts 
of plagioclase, red-altered olivine, and sparse elinopy- 
roxene set in an intergranular groundmass of plagio- 
clase microlites, and granules of clinopyroxene, oli- 
vine, and iron ores. Staining of the boToundmass with 
sodium cobaltinitrite shows some potassium feldspar. 
I¢s chemical classification (table 9, No. 1) indicates 
it is either an andesite or olivine andesite (table 1). 

CHEMISTRY 

The chemical characteristics of Che Galiuro Volcan- 
ics were obtained from 14 chemical and spectrographic 
analyses. Six of the analyses, from Simons (1964), 
were made to characterize the rocks in the I(londyke 
quadrangle. Four, from 5f. H. Krieger, were made to 
study the ash-flow tufts. Four  were made from sam- 
ples used in this report, but only for dat, ing purposes. 
The analyzed samples, therefore, are not a suite se- 
lected to represent the Galiuro Volcanics; rather, they 
are the available analyses most of which were made 
for other purposes. Nevertheless', they give consider- 
able information about the chemical character of the 
rocks. Table 2 contains the 14 chenfical and spectro- 
graphic analyses, as well as ionic percentages of the 
elements, catanonns, and differentiation indices (D.I.).  

Numbers 11-1~ (table 2) are from flows from the 
andesite-rhyodaeite unit, and they probably represent 
the compositional range of the flows. Number 14 is a 
" turkey track" andesite and represents the most. mafic 
of ~hese lower flows. Number 13 ]s typical of  the more 
colmnon andesite flows and numbers 11 and 1"2 of the 
more silicic and alkalic flows. In  consideration of the 
generation of the magznas responsible for the andesite- 
rhyoda¢ite in the lower part  of the GMiuro Volcanics, 
it, is significant that the most marie flow (No. 14) is ~t 
the top and the most salic (No. 11) is near the bottom. 
These relations imply more than one magm~ source, an 
imp!ic~tion supported by the intel~alation of  ash-flow 
tufts in Vlm lower flow unit. The only other analysis of 
a marie flow is number 1 (discussed below), which is 
f rom andesite of Table Mountain. I t  is the most marie 
rock .aaMyzed, and it is at the very top of the volcanic 
pile. Number 9 is from an ash-flow tuff intercalated in 

the flows of the lower part  of the. Galiuro Volcanic 
and number 10 is from a dike that  cuts flows near tt" 
ash-flow tuff. The chemical analyses of the ash-rio 
tuff and the dike al~ like those for the Holy Jc  
5[ember. 

The c hemicM composition of rhyolite-obsidian i 
r~presented "by two analyses O,%s. 2 and 3). Both sam 
ples came from the upper rhyolite-obsidian unit. Th  
Holy Jo~ and AravMp,~ Members are ash-flow tuff. 
chara'cterized by three (Nos. 6-8) and two (Nos. 4= am 
5) unalyses, respectively. All five analyses represen 
devitrifi~d parts of the ash-flow tuff, which hydrat~ 
le~  than the glassy parts and are therefore closer tt 
the composition at the time of eruption. 

Tlm abundance of ca.lcitm~, sodimm, potassilm~, mag. 
nesium, and ferrous iron relative to that  of silicon are 
shown in figure 5. Calcium shows a reasonably inverse 
relation with silicon. A similar linear curve result,~ 
when calcium is plotted against the D.I. Magnesium 
arid, to some extent, ferrous iron also show an inverse 
relation to silicon, whereas potassimn shows a direct 
relation, and sodium is nearly constant. Th.ese varia- 
tion curves and the D.I. suggest a differentiathlg 
magzna that  produced early andesite and late rhyolite, 
but the elements do not vary systematically with 
stratigraphic position., The youngest rock in the vol- 
canic pile has the lowest D.I. and the next to lowest 
silicon content. The rhyolite-obsidian, which is the 
most differentiated; occurs at two separate localities at  
different stratigraphie positions. Generally, however, 
the lower part  of the Galiuro Volcanics is dominated 
by flows and contains the bulk of the andesite, and the 
upper part  by ash-flow tuft and tuft. Probably there 
wer~ two or more magma chambers in each of which 
diffm-entiat.ion occurred, and eertairdy there were sev- 
eral or many vent sites. F rom the similarities in geo- 
graphic distribution, the Holy Joe and Aravaipa Mem- 
bers could have come from Vhe same vent areas. The 
chemical analyses and the variation diagrams (table "2, 
fig. 5) show that  the chemical compositions of the two 
ash-flows tufts are distinctly different, those from the 
Aravaipa Member being significantly higher in silica 
and in D.I. I f  they came from the same magma cham- 
ber, differentiation was taking place. 

The occurrence of the marie andesite of Table Moun- 
tMn at the top of the volcanic pile and of andesite 
intercalated in the predominantly ash-few tuff pal"ts 
of the volcanic pile suggests that within the limits of 
observation andcsite was the parent magTaa and that  
pe.riodically new andesitic magma was generated. 

The tendezmy for the amounts of th~ individual ele- 
ments to change systematically (smooth curvets) on the 
silicon vari,~tion diagrams suggests that  all of th~ 
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rocks in the G~liuro Volcanics are related arid that the 
differences in composition probably represent different 
stages of differentiation for individual magma chum- 
bars. Tim suite of rocks is ca lc-alk~line, ~nd all the 
rooks are so,new'hat high 'in alk~lic elements. 

The systematic relation of the elements in the vol- 
canic rocks is indicated further by the Alk-A-M (sodi- 
um and potassium-ahmfinum-mufic el~ments) ternary 
'diagram (fig. 6). Here the plots for the analyzed rocks 
aline remarkably well, showing a systematic variation 
in sod'Jam uad potassium (Alk), ~luminum (A),  ~nd 
Celia "m~fic" elemen, ts (~[:Fe, Mg, C~, Mn, Ni, ~nd 
Be). Plots of tim molecular normative quartz (Q),  
orthoclase (Or), ~nd plagioclase (P1) (fig. 7) lie 
along a poorly defined diffe~entiation trend line ex- 
tending from the P1 corner to the center of the dia- 
grain, which is the approximate final composition of a. 
granitic chff~re1~tiate. Similar trend lines tl.'tve been re- 
corded for tim Laramide stocks in Arizona, and it is 
believed to be ctlar,~ct~ristic of  t'he granitic rocks in 

FIa~IeE 6 . - - T e r n a r y  Alk-A-M d iagram for  chemical ly  ana lyzed  
samples  of Ga l iu ro  Yolcanics. Alk----Na+K, A : A I ,  M - - F e  3. 
+ F e " ~ + M g + C a - t - M n + N i - b B a .  Numbern  re fe r  to sample 
local i t ies  in f igure 2. 
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this l~gion. Like the variation diagrams, 'figure 7 shows 
tlmt the rhyolite-obsidian and the ash-flow tuff are the 
products of highly differentiuted m~gmas. 

AGE 
The ao-e of the Galiuro Volcanics generally ranges 

f rom about 23 to about 29 m.y. (Oligocene and ~fio- 
cene) (fig. 8, table. 3). In  figure 8, they are arranged 
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from top to bottom ill the order of descending stl~ti- 
graphic succession of the voluanics dated. The ages 
from about 2~ to 28 m.y. are alined, and, i f  sanidine 
ages are accepted for the youngest age% the linearity 
extends to 23 m.y. However, the two youngest biotite 
ages and ~he oldest age, which is also from biotite, each 
fal'l about 2 m.y. off the trend of the other ages. The 
discrepancies of thes~ three ages are beyond th~ ana- 
lytical uncertainty. To fix the age range more closely 
would require dating more samples, but because the 
appro~imate range from 23 to 29 m.y. is more than 
adequat~ to fit the Galiuro Volcanics into the enid- 
Tertiary volcanic and plutonie event in Arizona, there 
is no compelling geologic reason to do so. 

Damon (1968) compiled a histogram of potassium- 

argon ages of volcanic and hypabyssa! plutonic rock 
younge, r th~u 90 m.y. in the Basin and Range provinc 
south of b,t 36 ° N. t l is  histogram is bimodal, one pe£ 
extending from 10 to 40 m.y ,  with a maximum at 25: 
30 m.y., and the other peak extending from 50 to 8 
m.y., with a maximum of about 65 m.y. The age of th 
Galiuro Volcanics fulls ,~bout in the middle of th 
younger igneous ~vent. 
In the Sant,~ Catalina Mountains, wMch lie south 

west of the Galiuro Motmt,~ins on the opposite side o: 
the San Pedro valley (fig. 1), a mid-Tert iary quartz 
monzonite eomposit~ batho]i~h ranges in cooling ag~ 
from 21 to 28 m.y. (Creasey and othel~, 1977). Tlu 
chemical and normative composition of th~ batholitt 
lies in the same range as the tufts of the Holy Joe. an~ 
Aravai l~  Members. The combination of proximity: 
contempor~neity, and similar composition of the bath- 
olith and the Ga~iuro Volcanics indicates that  both a n  
part  of the same i~leous event and explains the gen. 
eral absence through uplift  and erosion of the Galiurc 
Vo]caaics west of the 'Sun Pedro vslley. 
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O oo Small 

O Ownership Problem 

] Access Problem 

{~} mapping recom 

Post Producer 

Producer " 

E~ Mineral Deposit 

[ ]  Prospect 

f. 0 
~) Num. Drill Holes none 

Approx. Total Footage 

Spectra. Analysis Attached 

I ~) Excavations 

0 
{ ~  Geologic Concept 

[ ~  Geocbem Anomoiy 

D Geophy. Anoinoly 

0 

seve ra l  small  p i t s  on veins 

Assays Attached 

@) Production 
Commodity Tons Grade 

T•)Reserves 
[ ]  ueolure~ [ ]  Estimated 

Commodity Tons Grade 

Geochem Results Attached 

Section IV Geologic Data 

~Commodity or Contained Metals Copper-reDly p r o s p e c t .  

Ore Minerals- Major 

~) Host Rocks- Major G l o r y  Hole v o l c a n i c s  & Bx p ipes  

Age of Host Rocks Laramide 

~]Nature of Exposures Low h i l l s  p a r t i a l l y  rubb le  covered 

Minor 

Minor 

(~ Alteration Qtz-sericite-specularite-arqi I 1 ic in bx p ipe~ arid veins. 

(~ Total Extent 3/4 sq.mi le going under volc.cover. 

~)Structure Predominantly N40-70°E trend to bx alignment and mineralized fracture 

@ Ore Occurrence In bx pipes and veins. 

(~Age of Minerolizction Laramide 

(~) Conclusions and Recommendations A dozen or  more bx p ipes and e longa ted  ma~ses wi th 

veins trending in same NE direction. Pipes conta i~ specularite and FeOx in vugs 

and shears with qtz and sericite. Outside main zon,e the strongest veins contain 

minor w~Ife~ite, vanadinite, and copper oxides. Matin horseshoe shaped zone 3/4 

mrle on side goes under post-mineral volcanic cover. Detailed mapping and further 

general reconnaissance is recommended. 
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Exploration Department 
Southwestern United States Division 

June 20, 1978 

Mr. Frank Tapia 
112- 4th Avenue 
San Manuel, Arizona 85631 

Dear Frank: 

I want to thank you on behalf of ASARCO Incorporated for your aid and 
interest on your property west of Little Table Mountain, Galiuro Mount- 
ains, Pinal County, Arizona. 

After conducting our investigation, we have decided not to conduct further 
work on your property. Attached is an enlargement base of Section 28, 
and unsurveyed Section 27, showing the locations of our samples and their 
percent of copper, lead, molybdenum results on your property. Also 
attached is the spectrographic analysis results of sample LTM-20. 

ASARCO Incorporated had also filed on six parcels for State Prospecting 
Permits in Sections 21, 23, 26, 27, 28, and 33, as shown on the attached 

plat. These have expiration dates of March 2, !979, and will be relin- 
quished at that time. They are available to you and your group by contact- 
ing Mr. Robert Crist of this office. 

Also attached is an affidavit of expenditure covering $2,116.75 which is 
applicable to your ground and the State Prospecting Permit applications. 

Again, we thank you for bringing this property to our attention and look 
forward to seeing you again. 

JDS:jlh 
attmt - affidavit 
c.c.F.T.Graybeal, w/attmt 

R.B.Crist, w/attmt 
P.G.Vikre, w/attmt 

Very sincerely, 

~ J. D. Sell 

ASARCO Incorporated R O. Box 5747 Tucson,Az 85703 
1150 North 7th Avenue (602) 792-3010 



Mr. Frank Tapia 
112- 4th Avenue 
San Manuel, Arizona 85631 

June 20, 1978 

-~. 

Asarco holds the following State of Arizona Prospecting Permits and will 
assign any one or all of them to yourself or your group. 

The £ive-year permits were all effective on March 3, 1978, and renewals 
or Affidavits of Performance of work must be filed by March 2, 1979 to 
keep them for the second year. 
allocated as outlined below. 

The work as performed by Asarco would be 

Work 
P.P. Section Acres Expenditures 

59146 21 400 
59147 23 320 
59148 26 320 
59149 27 240 

59150 28 160 
59151 33 400 

as outlined on the 
attached map 

$93.00 
93.00 
93.00 

389.50 
50.00 

Prospecting Permit in SE¼ of Sec.28 - Tapia, et al... 

Federal Mining Claims in Sec.27 ..... 

$699.75 

$698.50 
$2,116.75 

As you know, the cost of the permits cannot be used although the dollar 
per acre rental has been paid for the first two years of the permit. 

ASARCO Incorporated, 

My Commission Expires: 

R. B. Crist 

Notary Public 
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• AblFRICAN ANALYTICAL anti RESEARCH LABORATORIES 
. A $ S A Y F . . R S  - C H E M I S T S  - METALLURGISTS 

SAMPLE SUBMITTED BY A.~ARCO. INC.  

T U C S O N .  A R I Z O N A  e ~ ' t 4  

DAT~ April 19, 1978~ 
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P ( R C ( N T  
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ZINC 
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, R o , ,  ! 

LTM- . . 

0.01 0.02 .0005 
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0.02 .0022 0.01 
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I0 

13 

15 

16 
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LTM-20 

0.01 0.02 .0009 
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ELEMENT 
Fe 
Ca 
M~ 

As 
As 
B 
Ba 

B e  

Bi 
Cd 
Co 

CP 
Cu 
G~ 
Ge.  

La.  
Mn 
-Mo 
N b  

Ni 
P b  
Sb 

S r l  
SP 
Ti 
V 

-N 
Y 
Z n  
Z r  

2 

3Z 

7Z 
3Z 
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10 
~0 

< 2  
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10 

20 
10 
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<20 

2 0  
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50 
50 
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<10 
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500 

30 
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<10 
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<20 

i1~S 006 
• PAUh_.i 1 

.IT£M N~ ~AMPL~ N~ 

2 = L~M-2U 

SKYLINE LABS, INC. 
SPECIALISTS IN £XPLORATION GEOCHEMISTRY 

Charles E. Thompson 
Chief Chemist 
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Southwestern Exploration Division 

July 17, 1978 

TO- F.T. Graybeal 

FROM: P. G. Vikre 

Breccias and massive silica 
deposits in the vicinity of 
Little Table Mountain 
Pinal Count~, Arizona 

SUMMARY 

More than 25 distinct intrusive breccias outcrop in the Ga|iuro Mountains 
southwest of Little Table Mountain, Pinal County, Arizona. The brcccias 
occur in Glory Hole Volcanics which are similar to those that contained 
commercial copper~molybdenum deposits in the Copper Creek Di.strict three 
miles to the south. Massive silica: replaces Escabrosa Lin~stone north of 
Little Table Mountain and hosts a small copper-gold deposit, the Table 
Mountain Mine. Alteration associated with breccias is quartz-hematite- 
clay-sericite. Limestone adjacen t to massive silica is unaltered. 

Anomalous metal values are present in the brecclas and massive silica 
deposits. Forty-five samples assayed for gold (oz/ton), silver (oz/ton), 
copper (~o), lead (~o), molybdenum (~o), and arsenic (~) yield the following 
averages (number of analyses in parentheses): 

B re cc i as 

Au(5) Cu(35) Pb (35) Mo (35) As(5) 

0.0006 .01 .02 .0012 .0022 

Massive Silica 

Au(lO) A_ g (I 0___~) Cu(4) Pb(4) Mo(4) As(3) 
.0032 .20 .07 • 73 .0067 .0057 

Background values in "unaltered" Copper Creel< granodiorite and Glory Hole 
volcanic ,'ocks are: Au - tracej Ag - 0.01 oz/ton, Cu - 0.01%, Pb - trace 
to 0.01%, and Mo - 0.001%. Six Spectrographic analYses reveal high barium, 
manganese, and titanium in breccias, and high barium, antimony, chromium, 
manganese, titanium, vanadium, and zinc in massive silica. 

It is assumed that the structures and anomalous metals are time-space 
related to mineralization in the Copper Creek District. However, the 
potential for economic concentrations of metals at depth appears limited 
because of low values in surficial facies. 

INTRODUCTION 

Several square miles of pre-Miocene rocks in the vicinity of Little Table 
Mountain, Pinai County, Arizona, were mapped and sampled to determine if 
Intrusive breccias, alteration, and siliceous deposits associated with 

/_i¸¸¸ 
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these strata bore relation to economic porphyry copper-type or low-grade 
precious metal mineralization. The areas examined are exposed on the north 
and southwest flanks of Little Table Mountain ~here erosion has cut through 
post-mlneralization Galiuro Volcanics which comprise Little Table Mountain, 
Table Mountain, and Holy Joe Peak, all in the Galiuro Mountains. 

Interest in the area stems from several sources. Pre-mineralization rocks 
southwest of Little Table Mountain are partly covered by the claims and state 
prospecting permits of Frank Tapia, of San Manuel) Arizona, who submitted 
samples of breccia to Asarco. An examination Of Tapia's holdings was made 
by J. D. Sell on January 9, 1978. Mr. Sell recommended detailed mapping and 
further geological reconnaissance of the area. 

Pre-mineralization rocks near Little Table Mountain are the same as those in 
the Copper Creek District, 3 miles south of Little Table Mountain (Simons, 
1964; Krieger, 1968). At Copper Creek, several millions of dollars in copper 
and molybdenum were recovered from breccia pipes in Glory Hole Volcanics and 
Copper Creek granodiorite (Simons, 1964). Deep drilling by EXXON and Newmont 
in recent years has discovered a low-grade porphyry-copper deposit at depth. 

Ten field days in March and April 1978 were spent mapping and sampling near 
Little Table Mountain. J. M. Wood assisted in sampling. F. T. Graybeal and 
J. D. Sell made suggestions and constructive criticisms during two field 
visits. Six thin and polished thin sections helped document alteration and 
mineralization. 

GEOLOGY 

Figure I, centered on Little Table Mountain, is a geologic map of the rocks 
and structures discussed below. Little Table Mountain consists of well-bedded 
andesites and coarse lithic tuff uniformly dipping about 5°NE. These rocks 
are members of the Galiuro Volcanics which are about 29 to 23 m.y. old 
(Creasey and Krieger, 1978). The Tertiary rocks primarily overlie, with slight 
angular unconformity, Mississippian Escabrosa Limestone north of Little Table 
Mountain and Glory Hole Volcanics southwest of Little Table Mountain. Small 
intrusive plugs of varying composition and texture intrude Glory Hole 
Volcanics. The intrusi~/e rocks are probably apophyses of the Copper Creek 
granodiorite, the main mass of which ~s exposed to the south and southwest 
of Figure I (Sin~)ns, 1964; Krieger, 1968). Numerous breccias and fragmental 
dikes in Glory Hole Volcanics are conspicuous because of alteration and 
topographic relief. Prominent ledge and spine-like masses of chalcedonic 
quartz and siliceous breccia replace limestone northeast of Little Table 
Mountain. The Table Mountain Mine recovered copper, gold, and silver from 
about lO0,O00 tons of ore in one of these siliceous masses. Quaternary 
deposits include seasonal stream detritus and numerous landslides along the 
southwestern flank of Little Table Mountain. 

No detailed petrography was attempted on any of the lithologies, but several 
breccias were examined under the microscope. Hand specimen and field 
descriptions of other unTts on Figure. l are included in an APPENDIX. 
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BRECCiAS 

Glory Hole Volcanics are cut by dozens of breccia plugs and dikes many of 
which weather as prominent land forms (Fig. 2). Equidimensional, cylindrical 
plugs are generally one hundred feet or less in diameter, but the largest 
breccia, although partly covered, is probably greater than 150 feet in 
diameter. Dikes have discontinuous exposures and rarely exceed lO feet in 
width. Virtually all are vertical. The intrusive breccias have been placed 
in four categories on Figure I: (1) breccias consisting of clasts and quartz+ 
hematite_+sericite matrix that distinctly show evidence of movement, or 
imbrication and are discordant to enclosing strata; (2) breccias consisting 
of disrupted clasts, indicative of partial movement, whi'ch are cemented by 
quartz, silicates, and iron oxides; (3) breccias that are essentially country 
rock fractured and cemented in place, with little or no evidence for clast 
movement; and (4) siliceous, occasionally flow-banded and zoned breccia 
dikes with foliated margins and centers consisting of rotated fragments. 
Distribution of breccia types is shown on Figure 3. 

Breccia plugs are commonly enveloped by strong red-orange iron oxide staining 
in fractured and altered Glory Hole Voicanics (Fig. 2). Clasts measure from 

I/4" to >'4" and average about 2" in maximum dimension. They are usually 
unsorted and angular (Fig. 5A) but may be well-imbricated (Figs. 4A, 5B), 
TKb I and some TKb 2 clasts are primarily microcrystalline quartz+clay+sericite + 
iron oxide aggregates with rare quartz phenocrysts (see ALTERATION AND 
MINERALOGY OF BRECCIAS). Angular fragments of quartzite, "jasperoid," and 
porphyritic rocks are abundant in some quartz-rich breccias. 

Breccia plugs that consist primarily of altered Glory Hole Volcanics are 
less erosionally resistant, and many barely outcrop, Any relief preserlt may 
be attributed to quartz+iron oxide*sericite matrix. Clast alteration in 
these breccias is more strongly argillic than in breccias containing quartz- 
rich fragments. Both types of breccia may be cut by stringers of micro- 
crystalline silica_+iron oxides. 

Breccia matrix in quartz-rich breccias is largely hematite (Fig. 5A) and/or 
quartz (Fig. 5B). Narrow, porphyritic mafic dikes cutting some breccias 
are probably sources for Galiuro Volcanics. Other well-sorted clastic dikes 
which transect fo]iation in breccias (Fig. 5C) apparently formed in late-stage 
fractures and were produced by autogenous milling in a fluid medium. 

Breccia dikes range in structure from resistant linear zones of silicified 
country rock fractured and cemented in place to internally differentiated, 
composite dikes consisting of flow banded, foliated margins and brecciated 
interiors indicative of clast movement (Fig. 4B). Each stru.":ure is 
gradational with the other. In plates, dikes appear to be circumferentially 
arranged about larger breccia plugs (Fig. l). Nowhere do they cu~ plugs, 
and similar structure and envisioned mode of origin suggest that dikes and 
plugs are coeval. 
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Figure 2. Breccia (TBO) plug (TKb I) southwest of L i t t l e  
Table Mountain, Arizona surrounded by fe r ru -  
gineous so i l  and f l oa t  derived from a l tered 
Glory Hole Volcanics. S l igh t  f o l i a t i o n  (enhanced 
by j o i n t i n g )  s t r i kes  east and dips -v20°N (to the 
l e f t )  but l oca l l y  var ies,  
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Figure 4. 

A. 

Structure in :breccia plugs and dikes, with hammer for 
scale, southwest of Little Table Mountain, Arizona. 

Breccia (TBL) plug (TKbl) consisting of flattened, 
imbricated siliceous clasts in quartz+hematite± 
sericite matrix. Foliation strikes north, dips 
N30°E (to the right), and locally varies. 

B. Zoned breccia dike (TKb 4) 
displaying foliated margins 
and brecciated interior. 
Dikes trend east, or east- 
northeast, and are nearly 
always vertical. 



A, 

3. 

\ 
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Figure 5. 

A. 

Cut slabs of breccia plugs (TKbl) , with scale, from 
Little Table Mountain, Arizona. 

Unoriented, angular siliceous clasts in hematite-rich 
matrix. Hematite also occurs disseminated and along 
fractures in fragments. 

B. Imbricated, flattened siliceous clasts in quartz+ 
sericite, iron oxide-deficient matrix, similar to the 
breccia pictured in Figure 4A. 

C. Clastlc dike intruded into foliated breccia, displaying 
lateral particle-size gradation and iron-oxide zonation. 
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STRUCTURE 

Regional s t ructure in the v i c i n i t y  of L i t t l e  Table Mountain is characterized 
by relatively flat-lying volcanic and sedimentary rocks partly deformed by 
intrusions, and by high-angle faulting of modest displacement. Bedding in 
Escabrosa Limestone rarely exceeds 15 ° and is commonly 5 ° or less. Limestone 
north of Little Table Mountain is remarkably undeformed. Southwest of Little 

O Table Mountain limestone generally dips less than 15 north, but adjacent to 
dikes and plugs of Copper Creek granodiorite at ti'tudes may approach 60 °~. 
Limestone there is weakly to intensely brecciated and cemented by carbonate~ 
silica. Dikes of porphyritic mafic rocks, which are probably the sources for 
some of the Glory Hole eruptives, may have caused some of the deformation. 
The emplacement of massFve siliceous breccias into limestone north of Little 
Table Mountain appears to have been entirely a process of dissolution and 
replacement and not forceful injection. Some ledge-like outcrops of chalce- 
donlc quartz have selectively replaced carbonate beds and are conformable to 
enclosing limestone. In the vicinity of irregular cross-cutting silica 
masses, numerous chalcedonic stringers with random orientation pervade 
surrounding limestone, often hundreds of feet from the main silica body. 

Attitudes of members of the Glory Hole Volcanics vary appreciably. The 
youngest eruptive rocks (TKg l) dip less than 15 ° northeast except where 

i> arched by Copper Creek granodiorite and older Glory Hole intrusive andesites, 
or faulted. Other Glory Hole members have more erratic attitudes and little 
attempt was made to accurately reconstruct the stratigraphy. 

Several exotic blocks of elastic sedimentary strata are engulfed by intrusive 
andes[tes and Copper Creek granodiorite plugs. The composition of the equi- 
granular, sand-textured pendants is highly quartzose. Rarely do they contain 
more than a few percent rock fragments and feldspar. Iron oxides are a 
noticeable accessory in the northernmost block. These exotics have been 
assigned a lower Paleozoic age. Krieger (1968) reports similar landslide 
blocks of possible Troy quartzite which occur as inliers in Glory Hole Volcanics 
and in the Copper Creek granodiorite of Boulder Mountain. 

Breccia dikes are strongly oriented east-northeast or east with few exceptions. 
Breccia plugs do not have a preferential orientation, nor are any noticeably 
aligned. High-angle joints, striking NSO°E to N60°E, are conspicuously 
co-planar with many breccia dikes and occur throughout the mapped area in 
all pre-Galiuro rock units. Jointing is particularly prominent in the large 
silica masses north of Little Table Mountain. 

Several normal faults displace Escabrosa Limestone and Glory Hole volcanic 
rocks. Not all faults were observed in outcrop and southwest of Little 
Table Mountain rapid facies changes, drainage patterns, and alteration were 
interpreted as evidence for faulting in some cases. Displacement along all 
faults is probably less than lO0 feet, and attitudes of fault planes are 
nearly vertical. Most faults trend east or east-northeast, similar to the 
orientation of breccia dikes and regional jointing, Fault zones in Dry Camp 
Canyon consist of silicified, hematitic breccia that intermittantly weathers 
in tel ief ,(TKb 5) . 
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Age of most faulting is post-Cretaceous and pre-Miocene, although displacement 
of some silica deposits north of Little Table Hountain probably occurred after 
deposition of Galiuro Volcanics. Galiuro units are generally uniformly 
bedded, but no large offsets in stratigraphy are noticeable in the extensive 
sections exposed on the east sides of Little Table and Table Mountains. 
Structural relations in the vicinity of the Table Mountain Mine may be 
explained by high pre-Galiuro relief, or by en echelon normal faulting in 
Escabrosa and Galiuro rocks of small individual,.but large composite displace- 
ment. 

ALTERATION AND MINERALOGY OF BRECCIAS 

Quartz, clay minerals, iron oxides, iron sulfide, and minor amounts of 
sericite have been added to pre-Miocene rocks on the southwest side of Little 
Table Mountain. These minerals are most abundant in, or adjacent to, 
recognized breccias but are not confined to them. Glory Hole Volcanics 
contain sporadic occurrences of this assemblage which do notbear spatial 
relation to breccias. For this reason it is possible that more than one stage 
of alteration has affected Glory Hole rocks and some alteration may have 
occurred during or following the eruption of GlOry Hole units. The most 
obvious alteration is associated with the intrusion of breccias. 

There is no megascopic alteration associated with massive silica north of 
Little Table Mountain. The silica sharply borders enclosing limestone and 
secondary minerals in the carbonate were not observed. However, no optical 
examination of these rocks was made. 

Under the microscope, breccia matrix consists of varying amounts of quartz, 
hematite, serTcite, and clay minerals, mainly montmorillonite and kaolinite. 
Laths of fibrous, sagenitic hematite form up to 70% of breccia matrix along 
with lesser amounts of pyrite in sub-5 mm cubes, goethite pseudomorphous 
after pyrite, and futile (or anatase). Breccia matri~ may be as much as 50% zlf 

~void, often bordered by hematite plates. Most breccia clasts are mainly 
aggregates of fine-grained to microcrystalline quartz and hematite±clay 
minerals, sericite, and submicron pyrite, and rutile. Quartz generally forms 
80+% of any breccia and hematite is always the second most abundant constituent.;~ 
Spectrographic analyses suggest that minor amounts of barite and manganese ~it~. ~ 'L' 
oxides also occur in the breccia s. L,f ,~-' 

Many breccia clasts show rlo similarity to other rocks exposed in the vicinity 
of Little Table Mountain. They contain up to 5% partly resorbed quartz 
phenocrysts in irregular, jigsaw textured quartz-clay-FeOx mosaic. All 
fragments compositionally resemble breccia matrix and many are recognizable 
only because of variations in grain size and/or FeOx content. Random, 
coarse-grained quartz aggregates and veinlets cut breccia clasts and matrix. 
Simons (1964) considers breccia clasts in some of Copper Creek District 
breccias to be hornfelsed Glory Hole Volcanics. 

FLUID INCLUSIONS 

A brief examination of fluid inclusions in quartz phenocrysts and aggregates 
reveals two possible populations of primary inclusions: one, encompassing 
< 5% of all inclusions, contains 50-70% vapor; the other more prevalent 
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e va r i e t y  contains 80-50+% vapor. No daughter minerals are present. Inclusions 
are extremely abundant in most phenocrys~s - -  ~ 103 inclusions/mm 2 of  th in  
sect ion surface area. 

MINERALIZATION 

Two types of known metal mineralization, one in the Copper Creek District and 
the other at the Table Mountain Mine, occur in rocks of the Little Table 
Mountain area. These deposits suggest, to an extent, the targets for explora- 
tion in pre-mineralization rocks of Little Table Mountain. The following 
deposit summaries are largely after Simons (1964). 

The Copper Creek District is characterized by more than 200 breccia pipes, 
some of which con'tain copper, molybdenum, and other metals in Glory Hole 
Volcanics andCopper Creek granodiorite. Production to 1939 includes 8 million 
pounds of copper, 7 million pounds of MoS2, 4 million pounds of lead and 
several hundred thousand ounces of silver. The productive breccias, which 
are 3 to 3-I/2 miles south-southeasi: of Little Table Mountain, are nearly 
vertical cylinders measuring a few feet to more than 600 feet in diameter. 
Their minimum vertical dimension is 850 feet. Many weather in relief as 
iron-stainedelliptical knobs, often tens of feet high. The breccias consist 
of angular to rounded fragments of country rocks of varying size. Voids may 
be partly filled with quartz, sericite, and tourmaline. Pyrite, chalcopyrite, 
molybdenite, and bornite occur mainly in breccia interstices but also are 
disseminated in breccia fragments and wall rock, and rarely in crosscutting 
veinlets in breccia. Other sulfides, sulfosalts, and oxides are present in 
small amounts. Some breccias in volcanic rocks are crudely imbricated while 
others are unsorted and chaotic. Degree of fragmentation varies from intense 
crushing to incipient fracturing and altel-ation. Occurrences of unfractured 
latite porphyry in several pipes suggest contemporaneity with breccia 
intrusion. Most wall rock-breccia contacts are sharp and show few signs of 
movement. Quartz-sericite alteration of breccia fragments varies from 
marginal to complete recrystallization. Wall rock is little fractured and 
a l te red.  Barren and mine!~alized breccJas contain s im i l a r  a l te ! -at ion assem- 
blages. The~emplacement of most pipes does not seem to have been s t r u c t u r a l l y  
con t ro l l ed ,  as there is l i t t l e  l i nea t ion  or  elongat ion of  breccias.  The 
o r i g i n  of  the brecc ias is con jec tu ra l .  

The Table Mountain Mine, located I-I/4 miles north-northeast of Little Table 
Mountain, produced copper and gold from about 100,O00 tons of ore during the 
period ~, 1880-1928. Ore contained 7-14+% Cu and 0.2 oz. Au/ton. Remaining 
mineralization and smelter slag analyzed by Simons (1964) contain, respectively: 
2-3% Cu, 0.5-0.6 oz. Ag/ton, and 0,14-0.15 oz. Au/ton; and 2.4% Cu and 0.02. 
oz. Au/ton. Minor amounts of lead and vanadium are reported. 

Pr inc ipa l  metal values occur as copper and lead s l i i c a t e s ,  carbonates, and 
arsenates in massive, i r r e g u l a r ,  chalcedonic s i l i c a  and s i l i ceous  breccia.  
Bar i te  is the only other common gangue mineral .  The s i l i c a  outcrops are 
mott led gray, red, brown, and whi te res is tan t  knobs and rldges which l o c a l l y  
exceed lO0 feet in width and lO00 feet in length. The s i l i c a  replaces coarse- 
grained Escabrosa Limestone, and both rocks are unconformably over la in  by 
Gal iuro Volcanics. Fault 'bounded blocks of limestone are enclosed in the 
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thicker silica masses, and irregular pods and veins of chalcedonic quartz 
laterally pervade adjacent limestone for several hundred feet. Wall rock 
alteration is unrecognizable. 

Copper minerals are largely confined to pods, vugs, joint surfaces, and 
fractures in silica. They are particularly abundant in interstices of 
coarsely bladed barite aggregates. No sulfide minerals are reported by 
Simons nor were any observed. .. 

Mineralization in the vicinity of Little Table Mountain. Forty-seven rock 
chip samples were analyzed to evaluate potentially mineralized areas on 
both sides of Little Table Mountain. Detection of disseminated copper- 
molybdenum and precious metal deposits were the object of the geochemical 
survey. Thirty-five samples were collected from breccias and altered country 
rock on the southwest side of Little Table Mountain. One sample each of 
Copper Creek gran6diorite at Boulder Mountain and a lower andesite fl~ near 
Little Table Mountain were analyzed for background estimation. All of these 
samples were analyzed for copper, molybdenum, and lead. Ten samples were 
collected from siliceous replacement masses north of Little Table Mountain 
and in the vicinity of the Table Mountain Mine (Fig. 6). These were analyzed 
for gold and silver, and copper, molybdenum, and lead, in pa[t. The results 
are attached and values plotted on Figure 7. 

All of the above analyses were performed by American Analytical and Research 
Laboratories (Tucson, AZ). Five pulps of breccia and massive silica were 
sent to Skyline Labs, Inc. (Wheat Ridge, CO) for emission spectrographic • 
analyses to check for unforeseen elemental abundances. Eight pulps of 
breccia an~ massive silica samples were analyzed for gold and arsenic by 
Skyline Labs, Inc. (Tucson, AZ). These results are also attached and plotted 
on Figure 7. 

DISCUSSION 

Metal values are tabulated according to lithology and structure on Table I. 
It is evident that copper, lead, molybdenum, gold, silver, and possibly 
arsenic occur in anomalous concentrations in breccia plugs and dikes, rn 
altered Glory Hole VolcanTcs, and in massive silica replacing Escabrosa 
Limestone. The abundances of the elements are l to mo,'e than 20 times 
greater in these lithologies than in "unaltered" country rocks. The if#st 
anomalous Values appear to be gold, silver, molybdenum, copper, and lead in 
massTve silica. Metals associated with intrusive breccias and related 
alteration are only slightly more enriched than in country rock, based on 
limited analyses. 

Spectrographic analyses reveal high concentrations of barium, chronium, 
manganese, antimony, strontium, titanium, vanadium, zinc, zirconium, and 
nickel in breccias and massive silica. Of these, barium, manganese, titanium, 
and zinc appear to be anomalous Tn both lithologies while the other el.emental 
abundances may be high, but are sporadic, given tile limited analyses. 

It was assumed that if copper-molybdenum minera'iization is present In breccias 
at depth, surface sampl'l~g would ir, dicate markedTy higher values for these 

metals. Similarly, if the breccias were eruptive facies of an underlying 
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F i g u r e  6, Siliceous breccia, north of Little Table Mountain, 
Arizona, with hammer for scale. Angular fragments 
consisting of textureless, microcrystalline silica, 
are contained in mTcrocrystalline silica±FeOx 
matrix. Fragments of limestone and shale are 
extremely rare. Such outcrops grade into massive', 
microcrystalline silica which replaces Escabrosa 
limestone. Massive silica is typically unstructured 
and weathers in extreme relief. 



TABLE I.  Metal values in rocks o f  the L i t t l e  Table Mountain area 

A. Trace element analyses 

ROCK TYPE 

Breccia plugs 

Breccia dikes 
brecciated fault zone 

Altered Glory Hole 
volcanic rocks 

MAP UNIT NUMBER 
FIGURE I OF SAMPLES 

TKbl ,2,3 19 
5 

TKb4,5 6 

TKgl ,2,3,4,5 10 

Cu(%) Pb(%) Mo(%) 

.011 .023 .0012 

.02 .018 .0010 

.01 .021 .0006 

As(%) Au oz / ton  A~ oz/ ton 

0.0022 < 0.0006 

-tl 

--I 

Massive silica si 4 
I0 

• 07 .73" .0067 
0.0057 0.0032+ 0.201 

"una I te red" TKc I 1 
Copper Creek gd 

Galiuro andesite Tgu 1 

*includes .one sample with 2.80% Pb 
+"trace" analysis calculated as O.OOl oz/ton 

.01 tr. .0001 tr. 

.01 .01 .O001 tr. 

0.01 

0.01 

B. Selected spectrographic analyses for other elements 

Map Unit Number of 
Rock Type Figure l Samples 

Breccia plugs TKbl,2, 3 2 

Breccia dikes TKb4, 5 

Massive silica si 

Hiah Elemental Abundance (Range) in PPM 
Ba Cr Mn Sb Sr Ti V Zn 

10-500 20- 20- < 100 200 500- 30- < 200 7 
50 1000 2000 70 200 

150 30 lO0 <lO0 300 2000 50 < 200 

<10->10000 150- 200- <100- 100- 50- 20- <200-  
200 5000 500 709 200 300 >10000 

Zr . Ni 

<20-  < 5 -  
70 50 

I00 5 

< 20 15- 
2O 

Mill slag, 
Table Mountain 
Mine 

Ag As B Ba Bi Co Cr Cu 

3 3000 150 > 10000 20 30 100 > 10000 

NI Pb Sb Sn Si Ti V Y Zn 

Mn Mo Nb 

>10000 100 50 

Zr 

i 

i 

r -  

( 3 0  

50 5000 1000 20 700 1 5 0 0  1500 70 10000 100 
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intrusive rock, mineralization in the intrusive would be reflected in the ~-~ 
breccias. This reasoning is based, in a general way, on the occurrence of 
economic mineralization in the Copper Creek District, where similar- 
appearing breccias contain copper and mo]ybdenum at the present surface. 
Mineralized porphyritic(?) rocks have been intersected by drilling at Copper 
Creek, although the mineralized breccias apparently do not directly overlie 
the intrusive (J.H.Courtright, F.T.Graybeal, pers. com.) Breccia distribution, 
structure, and associated alteration are impressLve and generally comparable 
to those at Copper Creek, but the weak geochemical response of breccias in the 
Little Table Mountain area does not suggest worthy targets at depth. 

Breccias in the Copper Creek District (Simons, 1964) differ from those 
southwest of Little Table Mountain in the following ways: 

(a) breccias are more numerous, more concentrated and larger, on the 
whole 

(b) they contain copper and molybdenum sulfides, pyrite, lead, zinc, 
and tungsten minerals 

(c) pyrite may be abundant in wall rocks 
(d) breccia matrices contain tourmaline, apatite, feldspar, calcite, 

gypsum, and biotite, in addition to quartz 
(e) breccias occur in Copper Creek granodiorite as well as in 

hornfelsed Glory Hole Volcanics 

It may be surmized that the breccias:formed from rapid emplacement and 
devolatillsation of facies of Copper Creek granodiorite intruded .into Glory 
Hole Volcanics, but economic metal abundances occurred only where underlying 
or nearby intrusives were Cu-Mo rich, as at Copper Creek. The numerous 
juxtaposed plugs and apophyses of intrusive rocks displaying a wide variety 
of textures and compositions near Little Table Mountain indicate that the 
so-called Copper Creek granodiorite is probably a related petrologic series 
of rapidly evolved and intruded fluid-rich phases. Source melt(s) in the 
Little Table hlountain area were evidently metal deficient. However, the 
potential remains for other mineralized intrusives and associated breccias 
within the Copper Creek granodiorite complex elsewhere. Much of the complex, 
particularly to the north and west of Copper Creek, is covered by post- 
mineralization volcanic rocks and gravels (Simons, 1964; Krieger, 1968), but 
units mapped as younger rocks may not be post-mineral, especially east of 
the Copper Creek District (J.H.Courtright, 1978, pars. com.). 

The massive silica replacement deposits in limestone north of Little Table 
Mountain are somewhat enigmatic. Their size and metal content are fairly 
intriguing and their relation to mineralization and alteration in tile Copper 
Creek District is, at best, circumstantial. The Table Mountain Mine contained 
moderately high-grade copper-gold ore, the former metal exclusively in non- 
sulfide forms. The forms of metal in massive silica analyzed for this report 
ai'e unknown and it is not totally unreasonable to speculate that the copper 
silicates, carbonates, and arsinates at the Table Mountain Mine are primary. 
Vugs, euhedral crystals, and several generations of brecciation and cementa- 
tion in massive silica suggest tilat replacement.occurred at modest depths 
and perhaps had surface expression. Undoubtedly, other metalliferous 
siliceous masses are buried by (post-mineralization) Galiuro Volcanics, 

U 
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but no economic mineralization is indicated by sampling to date. Recognition 
of genetic relations to Copper Creek intrusive-breccia mineralization might 
permit exploration possibilities, such as massTve sulfide replacement 
deposits in limestone, to assume other than hypothetical stature. The 
potential for low-grade precious metal deposits, in light of occurrences 
elsewhere in Nevada, California, and Arizona appears limited, although the 
prospective thesis by F. R. Koutz may cause some reevaluation of this 
assessment. 

~ j - \  - -  

~.CONCLUS IONS 
I 

Potent ial  for  economic coppe~-molybde.num, low-grade precious metal, and 
perhaps other minera l izat ion~exis ts  in the v i c r n i t y  of L i t t l e  Table Mountain, 
Arizona. Mapping and sampling, however, suggest no obvious areas for  fur ther  
explorat ion when interpreted in context with published and reported descr ipt ions 
of minera l izat ion in the Copper Creek D i s t r i c t ,  to which at least some 
a l te ra t ion  and st ructure at L i t t l e  Table Mountain is time-space related. 
Further work at Little Table Mounta~in should await (1) a bright idea, (2) .- 
"frivolous" money. 

V,L.-. 
P. G. Vikre 

PGV:Ib 
.Arts. 
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APPENDIX - -  Description of some rock units in the vicinity of Little Table 

Mountain, Arizona 

INTRUSIVE ROCKS 

Copper Creek granodiorite facies 
map symbol (Fig. l) 

TKc I fine-grained, miarolitic, equigranular to po~phyritic feldspar±biotite± 
chlorite±hornblende±quartz; trace FeS2, up to 5% epidote in cavities, 
also with calcite and sericite partly replaces feldspars and hornblende; 
quartz-feldspar proportions vary; rounded, knobby, spheroidally weathered 
outcrops. 

TKc 2 medium to coarse-grained granite, approximately 60% K-feldspar, 40% 
quartz; occasional albite(?) megacrysts up to 2 cm long; poorly outcropping, 
occurs as blocks within other intrusive phases. 

TKc 3 hornblende-rich variety of l'Kcl: hornblende prisms up to 1 cm long form 
up to 15% of the rock. 

TKc 4 varieties of TKc I and TKc 3 and quartz+feldspar porphyritic intrusive rocks 
of varying texture and composition often occurring intimately juxtaposed; 
incorporated into single unit because of mapping scale; variable quartz+ 
sericite~epidote~calcite alteration. 

TKc 5 medium to fine-grained porphyritic andesite-diorite; porphyritic varieties 
mixed with equigranular facies; more than 15% of the rock consists of up 
to 3 mm laths of plagioclase and megacrysts of biotite and rare epidote in 
a gray-black microcrystalline matrix; rarely outcropping. 

EXTRUSIVE ROCKS 

Glory Hole Volcanics facies 
map symbol (Fig. I) 

TKg i siliceous, porous, partly welded, lithic tuff; contains up to 60% angular 
fragments of older rocks in a light gray-white to iron-stained matrix; 
occasional feldspar and clear quartz phenocrysts; clasts and matrix largely 
altered to quartz+clay+pyrite~sericite; prominently outcropping. 

TKg2 coarse-grained massive l ithic tuff and breccia, undivided; contains a 
variety of well-rounded to angular porphyritic and equigranular rocks in 
a purple-gray, microcrystalline, porphyritic matrix; 70% or more of 
breccia may be clasts; poorly o~Jtcropping. 

TKg 3 porphyritic andesite, similar to TKgs, but including subordinate turfs and 
breccias; <5% to 15% sericitized feldspar euhedrons in gray to black, 
microcrystalline matrix. 
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TKg 4 

TKg 5 

TKg 6 

porphyritic, amygdaloidal, hornblende andesite(?); contains up to I0% 
2 mm hornblende prisms, and <5% epidote+zeolite?-filled amygdules in 
fine-grained to microcrystalline, green matrix; rare plagioclase pheno- 
crysts partly altered to epidote; poorly outcropping. 

porphyritic andesite, but <2 mm phenocrysts of plagioclase, biotite, 
and hornblende may be absent; gray-black microcrystalline to equi- 
granular matrix; may in part be intrusive. 

siliceous, porphyritic breccia and Iithic tuff, undivided; poorly sorted 
and bedded; rock fragments indistinct on fresh surface; gray-green matrix 
partly replaces most clasts; may in part be intrusive. 

Pcl 

Me 

Meb 

SEDIMENTARY ROCKS 

Tcl 

quartzite; clean to ferruginous exotic blocks of lower Paleozoic quartzite, 
usually well-sorted but structureless; also includes fine to medium- 
grained, well-sorted and bedded lithic arkoses, wackes, and tuffs, 
probably also exotic. 

Escabrosa limestone; medium to coarse-grained, well-bedded calcite; 
bioclastic, ~varying amounts of irregular, microcrystalline silica veins; 
light gray, prominently outcropping. 

limestone breccia; variety of Escabrosa limestone strong]y fractured and 
pervaded by irregular silica±iron oxide veins; some calcite veins also; 
locally replaced by silica; occurs only on the southwest side of Little 
Table Mountain. 

pre-Galiuro clastic rocks; light-brown, soft, porous, sorted, equi~Iranular 
lithic tuffs; poorly outcropping. 

(i) 

(2) 

(3) 

DIKE ROCKS NOT SHOWN ON FIGURE l 

Dike occurring in breccias TBO, TBL, and TBC southwest side of Little Table 
Mountain; <l foot to 2 feet wide consisting Of 15-30% sericrtized/kaolinized 
euhedral plagioclase in lavender to red iron-stained m'crocrystalline matrix; 
rare xenoliths of microcrystalline, white, siliceous rock; slight to 
pronounced trachytic texture. 

Silica-carbonate dike? in Escabrosa limestone (Me), northeast of Little 
Table Mountain; light gray-brown, coarse to fine-grained calcite (30%) and 
qua,'tz (70%); contains <2 mm wide stringers of chalcedonic silica; probably 
replaces limestone. 

Dike occurring in limestone breccia (Meb), on the southwest side of Little 
Table Mountain in road cut; 5-I0% phenocrysts of <2 mm hornblende prisms 
(weakly lineated)and rare sericitized plagioclase in light green-gray micro- 
crystalline matrix; minor relict xenoliths; l to 2-inch selvedges of 
wollastonite(?) flank dike; attitude N20°E, vertical. 
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LTM-41 Trace 0.01 0.01 O.0J "' .0001 

LTM-42 .003 0. 118 

LTM-43 Trace O. 0 3 

LTM-44 .004 0.19 

LTM-45 

LfM-46 

o .  o 2  

0 . 0 3  

.00 ~ 

0.01 

0.02 

. O 0 3 _ _  

. O O l _ _ _  

. 0 0 6  

.005 

LTM- 47 

LTM-48 

LTM-49 

I . 0 0 1 4  

, 0 0 1 0  

T 

. 0 _ . 1 6  

[ L _ 2 2  

'_73. ] ]  

0 . 3 8  

0 . 2 3  

LTM-50 .003 0,18 0,01 0,09 I .0091 

LTM-51 .004 O, 33 0.20 2.80 -I .0154 

~';.I,I I 

I 

't , ," C 

~ 1 /  O0 v - : ,  -"" 
C F 4 A R G E S  $ 

t ~ q & Y E D - C H f  ~'IST mvo ,c~  No 1 5 2 5 9 -  . . . . . . . . . . .  
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SKYLINE LABS, INC. 
P.O. B o x  50106  • 1700 West  G r a n t  R o a d  
Tucson, Arizona 85703 
(602) 622-4836 

CERTIFICATE OF ANALYSIS 

Charles E. Thompson 
Arizona Registered Assayer No. 9427 

William L. Lehmbeck 
Arizona Registered Assayer No. 9425 

James A. Martin 
Arizona Registered Assayer No. 11122 

ITEM Au As 
SAMPLEIDENTIF ICATION 

NO. ppm ppm 

1 
2 
3 
4 

5 
6 

8 

TO: 

LTM-43 
46 
50 
1 

19 
ii 
9 

LTM-29 

<0.02 

<0.02 
<0.02 
<0.02 
<0.02 

ASARCO, INCORPORATED 
Southwestern Exploration Division 

20 
4O 

ii0 
3O 

4O 
i0 
20: 
i0 

REMARKS: 

Trace analysis 

CERTIFIED BY: 

P. o. Box 5747 
Tucson, Arizona 85703 
Attn.: P. G. Vikre 

DATE REC'D: [ DATE COMPL.: [ JOB NUMBER: 

5/17/78 I 6/5/78 / T~ 014 
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SKYLINE LABS, INC. 
SPECIALISTS IN EXPLORATION GEOCHEMISTRY 

12090 WEST 50TH PLACE • WHEAT RIDGE, COLC)RADO 80033 • TEL.: (303) 424-7718 

REPORT OF SPECTROGRAPHIC ANALYSIS 

Job No. DCS006 
May 19, 1978 

ASARCO, Inc. 
Attention: P. G. Vikre 
1150 North 7th Avenue 
P.O. Box 5747 

~ Tucson, Arizona 85703 

The attached pages comprise this report of analysis. 
Values are reported in parts per million (ppm), except 
where otherwise noted, to the nearest number in the series 
i, 1.5, 2, 3, 5, 7, i0, etc. within each order of magni- 
tude. These numbers represent the approximate boundaries 
and midpoints of arbitrary ranges of concentration differ- 
ing by the cube root of ten. The "accepted" value for each 
element is considered to be within + 1 step of the range 
reported at the 68 percent confidenc--e level and within ~ 2 
steps at the 95 percent confidence level. 
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h 

LnL.:S 006 

PAUPL 1 

ITEM 1 2 3 4 5 

ELEMENT 
Fe 2% 3% 

Ca 0.03% 7% 
Ms O. 07% 3% 

i. b% 3% 1 U% 
0. 0 7 % 0. (])'/% 0. 0b% 
0. i% 0. 02% 0. 03% 

As <1 <.I .-'. 1 I. 5 5 
A $ <500 <50U . ( 5 ~ x ~  " = ~ -  "-' . . . .  _.. ~.JL t) c, UC.)t) 

B 10 10 <10 "-I0... 20 
E:a 500 10 150 410 > 10000 

Be <2 42 <2 <2 <2 
Bi <I0 410 410 410 10 
Cd <50 <50 450 <50 <bO 

Co <5 10 <5 <5 <5 

Cc 50 20 
Cu 20 i0 

Ga I0 <10 
Ge 420 420 

30 150 2U0 
20 70 15U0 

I0 ."I0.. <10 
<20 <20 <20 

La 50 20 50 <20 <20 
Mn 20 1000 i00 200 5000 
Mo <2 <2 <2 7 200 

Nb <20 <20 <20 <20 <20 

Ni <5 50 5 15 20 

Pb I0 50 20 <I0 10000 
Sb <I00 <100 <I00 4100 500 
So <I0 <I0 <I0 <I0 <i0 

Sn 410 <I0 <I0 <I0 <I0 
Sr 20c) 200 300 100 700 

Ti 2000 500 2000 200 bO 
V 70 30 50 20 :300 

W <50 <50 <50 
Y <10 <I0 <I0 
Zn <200 2(90 <200 

ZP 70 420 

ITEM NO. :=;AMPLE N13. 
i = L.TM-12 
2 = LTM-20 

:5 = LTM-31 
4 = LIM-46 

5 = LTM-51 

<50 <5(] 
<I 0 10 

• <200 > 10000 

lOO 

y~ha'rles E. Thompsoff 

SKYLINE LABS, INC. Chief Chemist 
SPECIALISTS IN EXPLORATION GEOCHEMISTRY 
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Of particular interest fs ~ small incomplete example of  the Permian 
index fossll Callip~eris. Another Is a fossil that resembles the base 
of Phasmatocycas the supposed early cyead leaf. A complete fern plant 
ccnsistln~ of n rhfzom~ wlth ~rt;iched ke;~ve~ and r(~ots wh|i'h ha5 been 
found at the Locality is p[ubably the most unlqu~ [osai] in the tiers. 
The beds which contai~ the plants also contain numerous eurypterlds, 

insects, mstracods and branchlopods and are thought to have been 
de,osited in a deltai< environment. Adjacent beds contain a diverse 
~arine fauna including fusulinids, braehiupods, molluscs, crinoids, 

and fish. 

SXRUCTUPAL GEOLOGY OF A PORTION OF qXqE WASHAKIE RANGE, 
FP~MONT COUNTY, WYOMING 

TIMBEL, Ned R., Amoco Production Company, Denver Region, 
Security Life Building, Denver, Colorado ~0202 

Recent quadrangle mapping near Dubmis, Wyoming documents 
previously constructed analytical shear fracture patterns 
for the Washakie and Owl Creek Ranges. Loading conditions 
which apply best to the Washakie Range include the combined 
effects of horizontal and vertical stress. 

Laramide defor~]tion of the study area began prior to 
deposition of the Paleocene Fort Union Formation and con- 
slsted of folding, faulting and subsequent erosion. The 
i~ger Eocene Indian Meadows Formation is not deformed by 
Laramlde structures. Faults are divided into 3genetic 
groups: (l]~irust faults} (2)priraary high angle faults; 
(3]secondary high angle faults, Thrusting is commonly im- 
bricate and preceded high angle faulting. The EA and North 
Kk thrusts dip 34-38 ° NE, strike N60°W and have a combined 
displacement of about 9km, The previously mapped Black 
Mountain thrust strikes N30°W in the study area and chang- 
es strike to N60~q to the HE) structural transport was in a 
"SW direction and is assumed to be perpendicular to strike. 
High angle faults are the result of extensional stress and 
occurred before the end of Laramide deformation. Primary 
high angle faults strike N30~g and have displacements of 
I00-370m while secondary high angle faults strike N60oH and 
have. displacerments of 25-225m. High angle faults were con- 
trolled by the trend of pre-existing thrusts. 

The structural style of the Washakie Range is quite 
different than some other portions of the Wyoming Province 
which are characterized by basement-controlled vertical 
uplift and associated drape folding. 

STRUCTURAL GEOLOGY OF THE LAKETO~, UTAH 7½ MINUTE QUAD~%NGLE 
VALENTI, Gerard L., Department of Geology, University of Wyoming, 

Laramie, Wyoming 82071 
The Laketewn, Utah quadrangle is located in northeast Utah at the 
south end of Bear Lake. Rocks exposed range in age from Pregambrian- 
Cambrian (Brigham) to Tertiary (Wasateh); all systems except the 
Cretaceous are represented. The sedimentary section is deformed imto 
a series of NNW trending folds, the easternmost of which is an 
anticline locally overturned to the east. Stratigraphic studies 
indicate the presence of several Cambrian units not recognized 
"previously. Paleozoie rocks in this area appear to have stratigraphie 
affinities with units of the Paris thrust plate to the west and the 
Meade thrust plate to the north. 
Several regional faults appear to converge at the south end of Bear 
Lake, but critical relationships are concealed by the Wasatch 
Formatiom, which unconformably overlies these features. However, 
local mapping and regional relationships permit some tentative 
conclusions. Faulting with minor stratigraphic throw in the western 
half of the quadrangle may represent imbrication of the Paris thrust. 
A major thrust fault underlies the area, and its trace probably lies 
buried by Wasatch cover near the eastern margin of the quadrangle. 
Rocks exposed in the canyons south and east of Laketown are considered 
to be a salient of a thrust sheet located between the front of the 
Paris plate to the west and the Crawford plate to the east. Current 
exploration for hydrocarbons in the area should soon provide 
information allowing more definite conclusions. 

ARE MINE WASTE EMBANKMENTS STABLE LANDFORMS? 
VANDRE,C. Bruce, U.S.D.A,-Forest Service,lntermountain 

Regional Office, Ogden) Utah S4&OI 
Surface mining activities result in vast quantities of 
overburden reck and soil waste being excavated and being 
redeposited by construction equipment as valley fills or 
terraces, In opposition to mass wasting, attempts are be- 
ing made to design waste emban~nents as stable landforms. 
The time period to be considered for the design of these 
embankments is a difficult decision. In a geologic con- 
text, stability is only temporary. The balancing of com- 
parative rates of mass wasting of natural and man-made 
landforms could provide the key to z-esolving the time- 
stability issue. 
For analysis purposes landslides are generally classified 
according to the type of movement occurring. Co~aon types 
of landslides observed in overburden waste embankments are 
shallo~ flo~ slides, fo~%datiou slides, includiug spread- 
ing and translation, and rotational slides, All of these 
types of slides have counterparts oeeurri|lg on natural 

landforms, 

ROCKY MOUNTAIN SECTION, OGDEN, UTAH 307 

This presentation examines the time-stability relationship 
from both ageologie and design perspective, examlnes the 
factors which control slope stability, and compares land- 
sl£des which occur on waste embankments with those ~hat 
occur in excavations or on natural landforms. 

ST~AT[(~RAFIlY, SEDIMENTARY PETROLOGY AND BASIN EVOLUTION 0F TIIE ABIQUIU 
DORMAH'ION (OLIGO-MIOCENEJ, NORTH-CENTRAL NEW MEXICO 

VAZZANA, Michael E, and INGERSOLL) Raymond V., Department of Geo- 
logy. University of New Mexico, Albuquerque, New Mexico 87131 

The Abiqutu Forn~acion {Olive-Miocene) was described [irst by Smith 
(Iq38) [or exposures of vOleanielastic sandstone in the vininit~ of 
Abiquiu, New Mexico. Its ~hree members (Lower, Pedernal and Upper) 
to~al approximately 3OOm in thickness. Exposures of the Lower Member 
primari|y are restricted ~o areas south and west of the Rio Chama, and 
are composed ~f from 20 to 9Om o[ Precambrian crystalline, cobble 
conglomerate. This poorly sorted de~ritus shows sedimentary features 
characteristic of p[edmon~ deposition. Petrologic and paleocurren~ 
analyses o[ this member indicate southwestern transpor~ of sediments 
eroded Irc-i the 5razos~Sangre de Cristo geaneieline to the northeast. 
The base n~ the overlying Pedernal Member (O-60m) is marked by the 
lowest laterally ~ continuous, massive chert la~ers. From one to four 
chert layers% separated by gravelly sandstohe, represent periods of 
soil [orma~ion. Pedernal Member sediments grade vertically into ande- 
sitic and rhyGlitic volcaniclastic sandstone of the Upper Member (up 
to 170m), which exists ~rimari[y J~ the vicinity of the town of Abi- 
qulu. Petrologic and paleocurremt analyses indicate San Juan volcanic 
field prcvenance and soueheasterly transport, thus indicating a shi~t 
in regiona~ dispersal patterns. Two possible causes for these changes 
in dispersal patserns are renrogradation of the Brazos-Sangre de Cris- 
~o geantieline p[edmon~ surface, and incipient formaeien of the Es- 
pa~ola basin in the early Miocene. 

RECOGNITION AND HONITORING OF ROCKFALL HAZARDS AT SELECTED NATIONAL 
PARK SERVICE SITES IN ARIZONA, NEW MEXICO AND COLORADO. 

WACHTER, Bruce O~;)Department of CeoseSences, University of Arizona, 
Tucson, Arizona 85721; RUTEN~ECK, Todd, National Park Service, 
Western Archeological Center, P. O. Box 41058, Tucson, Arizona 
85717 

Roekfall, not generally of high hazard potential among types of mass 
movement, assumes a high priority at certain National Park Service 
jurisdictions. Visitor traffic, particularly at archeologlcal sites, 
is concentrated near cliff faces and beneath the overhanging ledges 
that shelter ruins. 

Geologic recognition of fall prone areas, of progressing detachments 
and of frequency of fall events is aided by presence of disrupted 
archeologieal features. Recent rock motion may be recognized and 
classified as to type with implication for the "geologic imminence" 
of fall. A means of translating geologic observations into a decision- 
making format for non-geologists is provided. Actual time-prediction 
for fall events is difficult) depending on many natural and introduced 
parameters. Long-term monitoring of pre-fall motion of the several 
rock motion types observed should improve the sense Qf engineering 
timing for geologically imminent fall events. 

Monitoring of crack length, crack width, subsidence or tiltshould 
provide sufficient motion data in most cases. Methods include precise 
leveling, electronic gauges, and various mechanical displacement gauges. 
The use of these simple but effective methods holds roses and 
installation damage to the archeological sites to a minimum. Resulting 
data may be applied to decisions concerning rock stabilization, removal 
or traffic routing for increased visitor safety and protection of the 

archeologieal resources. 

BRECCIA PIPES AT COPPER CREEK ARIZONA" EVIDENCE FOR MULTIPLE STAGES OF 

"---~At~R,-'-F:'"A.~" Phelps Dodge Corp., 5007 So. W. Temple, SLC, UT 84115 
The Copper Creek mining district, Arizona, is noLed for its abundance 
of breccia pipes. Cu-Mo mineralization occurs in several of these 
p i p e s ,  and a Pb-Ag v e i n  l i e s  a long  t h e  e a s t e r n  edge o f  t h e  d i s t r i c t .  
Tile r e s u l t s  o f  a f l u i d  i n c l u s i o n  s t u d y  on t h r e e  v a r i a b l y  m i n e r a l i z e d  
breccia pipes and the Pb-Ag vein s u g g e s t  that some of the breccia pipes 
and the vein were subjected to several pulses of hydrothermal activity, 
with sulphide deposition resultlng from low salinity, moderate tempera- 
ture fluids. Up to three chemically and temporally distinct fluids wore 
recognized: an early, h}~persaline fluid showing evidence for boiling 
at temperatures in excess of 800°C; a hypersaline, sulphide-bearing 
fluid with homogenization temperatures in the range 500-500"C from 
which sulphides were not deposited; and a late, low salinity, moderate 
temperature fluid [500-50~°C) with which copper sulphide mineralization 
is apparently associated. While one of the pipes containing high tempe- 
rature, hypersaline fluid inclusions is cemented primarily by potassium 
feldspar and biotite, the other pipes and the vein are filled by quartz 
and sericite. The single pipe showing potassium feldspar cement is one 
of a group of pipes of similar mineralogy which may be controlled by 
all early NEW tectonic fabric. All ENE-trending set of fractures super- 
imposed upon tile earlier fabric appears to be important in the locali- 
zation of the pipes cemented by quartz and sericite. Consideration of 
tile fluid inclusion results in conjunction with other geological rela- 
tionships s u g g e s t  t h a t  b r e c c i a  p i p e s  a t  Copper Creek a r e  o f  two d i s t i n c t  
g e n e r a t i o n s .  K=Ar age  d a t i n g  o f  s e r i c i t e  from s e v e r a l  p i p e s  in  t he  
d i s t r i c t  s u b s t a , ~ t i a t e s  t h i s )  s u g g e s t i n g  a t i m e  d i f f e r e n t i a l . o n  t h e  
o r d e r  o f  12 m i l l i o n  y e a r s .  



Southwestern Exploration Division 

March 15, 1982 

To: W.D. Payne 

From: H. G. Kreis 

Holy Joe Aeromagnetic Anomaly 
Pinal County, Arizona 

A prominent aeromagnetic low is centered on the east half of Section 25, 
T 7 S, R 17 E. Mr. J. Montgomery of the Geophysical Division recognized 
the anomaly and recommended it for additional evaluation. From the geo- 
physical data, Mr. Montgomery interpreted the anomaly as a strongly magnetic 
source (magnetite or pyrrhotite) having reverse polarity. 

Mr. J. D. Sell and I examined the outcrops in the area of the anomaly and 
found them to consist of a suite of metamorphosed volcanic rocks. The 
aeromagnetic low is centered on and believed to be caused by a thick 
(600' to 800') basalt unit. The basalt is black colored and very hard, 
and it contains 5% (weight) magnetite and 0.5% pyrite (pyrrhotite?). 
Both are finely disseminated throughout the rock. 

Sixteen geochem samples were collected (see attached map) and analyzed 

for copper, lead, zinc, gold, and silver (see attached Rocky Mountain 

analyses). The outcrop area of the aeromagnetic anomaly does not contain 
anomalous lead, zinc, or silver values. Copper is locally anomalous (as 
expected near a Laramide stock); but the area, as a whole, is not signi- 
ficantly anomalous in copper. The Rocky Mountain gold values are anomalous 
but may not be reliable. A few samples will be run for gold at Skyline 
Labs, Inc. 

The geochem samples and the other rocks in the area showed no evidence of 
substantial hydrothermal alteration and mineralization. The weak sulfide 
mineralization in the basalt may not be related to the Copper Creek 
granodiorite stock, and the magnetite appears to be an accessory mineral 
in the basalt. 

Mr. Montgomery's interpretation of the aeromagnetic low is well substan- 
tiated by the field evidence. Since there is insufficient geologic 
evidence to develop further interest in the area, no further work is 
recommended. 

HGK/cg 

Art achment s 

cc: J. Montgomery/B. Nichols 

H. G. Kreis 
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T U C S O N  O F F I C E  

Date: 

Client: 

2 5 6 1  E A S T  F O R T  L O W E L L  R O A D  • T U C S O N ,  A R I Z O N A  8 5 7 1 6  • P H O N E :  ( 6 0 2 )  7 9 5 - 9 7 8 0  

 e ific te of 

Page 1 of ........... 2~ ................. 

March 4, 1982 

Asarco, Inc. 
P.O. Box 5747 
Tucson, Arizona 85705 

RMGC Numbers: 

• ooa, Job 5 T  

Foreign Job No.: .................... 

Invoice No.: ......... T.]:0..9...~...9... 

Cl ient Order No.: 

Report On: 

Submi t ted by: 

Date Received: 

Analysis: 

Analytical Methods: 

16%amples 

H. Kreis 

February 26, 1982 

Cu, Pb, Zn, Au &Ag 

Determined by Atomic Absorption. 

Remarks: 

CC: Enc: 1 
m C/SLC 
file 

SJA/Ir 

All values are reported in parts per million unless specified otherwise. A minus sign ( - - )  is to be read "less than" and a plus sign ("1-) "greater 
than." Values in parenthesis are estimates. This analytical report is the confidential property of Ihe above mentioned client and for the protectlon 
of this client and ourselves we reserve the right to forbid publication or reproduction of this report or any part thereof without written permission. 
ND = None Detected 1 ppm --" 0.0001% 1 Troy oz./ton "-- 34.286 ppm 1 ppm ~ 0.0292 Troy oz./Ion 



Client 
Asarco 

Sample Cu 
Number ppm 

2-82-1 65 

2 75 

3 90 

4 40 

5 40 

6 55 

7 20 

8 190 

9 ~ 40 

I0 20 

II 70 

12 75 

13 I00 

14 II0 

15 70 

16 65 

Date 
March 8, 1982 

RMGC .lob No. 

Page 

Pb Zn Au Ag 
p/~ ppm ppm p~n 

I0 50 -0.1 -I 

I0 65 0.2 -i 

I0 75 0.1 -I 

5 65 0.2 -I 

15 85 0.1 -I 

5 60 0.I -I 

5 80 0.4 -I 

5 40 0.2 1 

I0 55 0.3 -I 

I0 65 0.3 -I 

I0 75 0o 3 -I 

20 95 0.2 -I 

15 75 0.2 -I 

15 45 0.2 -I 

I0 65 0.2 -! 

20 60 -0.1 -I 

82-1B-25T 

2 2 
o f _ _  

/ / ,  f / ~ / . .  
By ~~_,~,~ . - ~ / ~ / ~ ~  

5At.T LAK[ CITY. UTAH R[NO. N[VAOA TUCSON. ARIZONA 
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TEE  A%E  'OT 'T AZ" nRo*,P  'Z'ES AUG 1 5 1989 

,' . IThe above ~roup comprises nlne claims I n  all, T~ble s.~::~ ......... ~,, 
}'oan~aIn NOB. 1 to 9 inclusive, and may be described as follows: 

Location notices of numbers one and two ace recorded in 
~oo~ ~9 in Record of ~'Ine8, ~t DaFee 519 and 520 resDectlvely. 
I n  the County Recorder's offices, county of Pinal, Azizona. 

Numbers three to nine inclusive adjoin numbers one and two 
and eomorlse with them a consolidated block of aoout 189 acres. 

The Taole !'suntatn .,"ins is located at a c~ns[derable 
elevation on the East shoulder ~f Tools "suntaln, a or)ml nent 

• land mar~ distant 15 miles East fro~ T'a~sth on the ran Pedro 
.River, and soee twent.v ",ilee in a direct line fr.~ ~ the coo~er 
smelter of FIayden at Winkle~an on the S.P.R.R. 

 'TS, 

N z -  

No adequate means exists of transn~rt at the oresent. 
A.feasable r>ute has been reconnolted to Winkled-an, of which the 
four miles nearest the mIne present considerable constructional 
difficulty. An early road was c~nstructed fro ~ Willco~ some 
93 miles to the South-west and is ?reatly out )f re~alr. Railway 
connection can b~ made with the S.P. Ry. near @afford, entail- 
ing a h:~ul of "~9 miles, of which the ten t o  twelve mi.les nearest 
the mine would be over the early road. To rebuild this portion 
of the road would entail an e~oenditure of around 13,399.30. 

The mine in common with many other mines o£ Arizona has 
a somewhat ion~ and r~mantic history; its practical and more 
recent record be/,an s~me £1ft,v years a~o, when it was ,operated 
as a gold mine, some very rlch ~re being extracted. Inex- 
oerlenced mining and po~r timbering closed the rleh sto~es and 
little, If any, attem0t was made t9 re,Den. S~me records were 
made of ~old obtained, and such are still av~llable. 3~me 23 
year~ later the mine was w~rked ~n a laeger scale, the ~re 
bein~r open ou% over a large area; the road bein~" built at this 
sta~e f r  m Wil!cox; heavy machinery I n c l u d i n F  two i~0 horse- 
power boilers, engines, e~pner blast furnace, crushers, blowers~ 
etc., betn~ Installed; also adequate water supnlies, tanks, 
office and assay office, and llvln~ quarters. S~me one hundred 
and fifty thousand tons of ore and waste were mined and s)me 
2~]99 feet of development was done, almost entirely in the form 
of tunnels I n t o  the ore 0~dy. A conslderable amount of  cooper 
ore was smelted f~r clack co~oer, (?'etallle) usln~, the local 
Ironstgne as flux. As the ore c)ntalned no sulphur no concen- 
tration ~f the ;-}ld, silver and cooner could be made In a ~attee, 
and no atte~nt was ~de t~ secure 0:.'title ~re as a fluv. The 
attempt to s~elt the ~widlzed ore t~ metallic co~ner w~s inevitably 
a failure owin~ to the c~ntlnual freezing of the furnace. No 
method was known as the ti~e of treatlng ~zldized ore in limestone 
and ooeratlons were eusoended. ~rom the ti~e to t%me small parc- 
els of ore amounttn~ ~o a few hundced t~ns were hand nicked and 
shi0ped out by oackln~. The road having been allowed to ;,ct into 
disrepair. The ore still in the blns is oZ" ;,cod quality, assaying 
8% ~opper $4.90 in ?old(*) and 3 o@nces of silver per ton, The 
a~c~nt of ore smelted d£d not e~c4e~ a few thousand tons oi" ? to 
9 p'er-cent copper ore. 

d The surrQundin~ country Is high and deeply scored with 
eep gorges an~ canyons. ,The hlg h pea~s, flat topped, form 
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spectacular land marks visible upwards ~f one-hundred m i n c e .  
These cappin;rs are the remnants l'ro~ the denudation ~f acld 
lava flows of a comoar':tlvel.v recently a~e. These lavas assoc- 
iated with ruffs and limestone a r e  t h e  prominent local ~'e~io~ical 
features. The ore deposlts occur in almost horizontally bedded 
limestone of  probably Ordivi~.ian age, capped Im~edlately by t h e  
andesJte, and t~ the South in fault o~n~act wlth a m~re basic 
intrusive. 

The closely bedded limestone sh~ws t h e  usunl sIl[clflcation 
consequent unon ~etae~matle den~sltlon 9f ore, snd to ~ mln~r e~- 
tent the devel~nment of a ~ae~er~Id ~Id-bearln~, quarts, no mar,~or- 
Izatlon Is in" evidence even in the e~ntact with the 9verlyin~ lavne. 
The ~ineral be~rln~ solutions ',v~re ~robably due to a dyke, or 
dykes, cuttlnF the limestone t n  a ~,eneral north and south direc- 
tion, oarallel to the strlke. Uo evldence ie known of mineral- 
i.zation west of thls intrusion and little alteration is ~bservaole 
at the immediate contact, any crushed or orecciated limestone 
havinF~ been dissolved and removed or redeposited a s  calcite. The 
line of mineralization is very sharD, the tunnel less than 199 
feet below the ~re deooslt shows little alter:,tlon beyon~ sIll ci- 
ficatIon. The ore Ood:, is nr~OaOly 9nl.v a remnant of what i t  was 
befDre,.Oein~ denuded, but still ;,Ives evidence of enDrmous re- 
serves of 9re. The vertical thickness Is aonarently ,-ore than 
833 feet, and may De much more, ;~Ivln~ a cross section of this 
height by a breadth of from 49) to 69) feet, and for a length 
on the strike of about 4,99 fe~t, encluslve of Its northly ex- 
tene lon over tw9 claims. 

The )re u~dy is i~-edlatel.v ~verlay'nc by the character- 
istic hornstone (s~lleified limestone) much ~l "~ the ore Oody con- 
sl~ts of residual and ~.ore Insoluble ore to;-ether with a breeclated 
cherty material, w~th the u.oual residual mater|al consequent upon 
the weatherIn~ a itachln~ oi the ,)re body and accompanyinp llme- 
stone. The foregDIn~ I s  more ehara@tecis[tic of the n~rthern Dart 
of the 3re body which is stronFly slum.bed; further south the ore, 
better protected oy the Dyer-burdened, sh~ws less evidence of leach- 
In~', but Is very cavernous. One cave ',t least, leached by a tun- 
nel., driven ~09 feet into the 9re body is as far as explored, some 
5J to 60 feet wide and 339 feet in lenFth, thls will be referred 
tD later, 

The ore as 3ri~,inally deD3sIted was of ~'etasomatte 3r1~,In, 
and due t3 ascend ln;~ s31,atI~ns which selected the 's3ft and nearly 
par~llel bedded limestone as a ~eans 9f e;~rese and reDlace~ent. 
The more massive limestone below being" but ~iIzhtly acted tlDon. 
Weatherin~. and the free access ~f surface waters at a inter sta~e 
Drought ao3ut complete 9~.idati~n, concentratl "~ the small amount 
of lead derived from the limestone in the reeultin;r residual candy 
clays, This lead collected and retained vanadium derived from 
the volcanics. A~sociated wIth thi~ residual ma~Is Is much unaltered 
siliclfIed limestone ~re, I~nrernated with eoOoer silicate and 

carbDnate. In the immediate vicinity D1 the contact with the in- 
trusive is a certain a~.~unt of barytes, and closely adjacent t~ 
the contact is a vertical vein oY ;'old-bear~nu Ja~Derold quartz 
of considerable width, in places this Is a.=~oc.iated w l t h  a clear 
quartz which Is e--tremel.v rich, in the [~ed~ate vielnlty of the 



con tac t  a s s o c i a t e d  with the c n l c i t e  Introduced a~oarent ly  oy cur- 
f a c e  w a t e r s  i s  a m ~ t  un,le.~.~al dc~ ) , ,~ i t  ~I' ~:]~tlall.y @ r y . , ~ t n l l l n c  
masses of vanadinlte interrr~'vn w th a clear ;q' s~:~ quartz. '['his 
vanadlnlte of varyin~ shader ~f 9range, le~Dn and red is a very 
beautif~ll ~ineral, at t~-es annroachln: e~site in eomnosit[on, 
at ~ther t~cs corres~on~In~ to ours vanad}n[te, it.~ ~eneral ter19r 
is from 5% to 8~ vanad[c acld, the oalsnee r~ainly quartz ~nd lead. 

Reference ha.,-" been -ade t~ the eaves, i t  Is rec.~rded that 
the ,vails ~f these caves erblb~ted remark ble color effects of yel- 
low and red, it is probaoly due t~ a deep,it of ihi~ vanadinite. 

The ma~sive and to so~e e--tent . r e~ Id '~a l  li~cstone of the 
ore oody carrvin~ a certain am3unt of silicate and carbonate of c~p- 
oer, and lends itself t~ seleutlve m~nin; ~, a oorti)n bein;-of shl~- 
D[n~ ~rade, a lacier portion oeln~ ~f ].Duct tenor. The ore DDd.v 
for a s~all and varyln;~ death requires stripoln;~ ol the more leached 

,~ matecial, which contains s . g m e  high ~rade conner carOonate. 
The .~asperold quarts ass~ciated wlth ~id Is an ~re of entirely 
different character, oeinK red, hard and brittle, carryin~', when 
n~t associated with high values, from o~5.3) t) .%18.90 in ~rold, 

to 3 ounces in silver, three t9 four per-cent lead, one t~ 
two per-cent van.~d~c acid. This ore, sad ~re in Its vlclnity 
will require special treatment of the ~id or~, coarse ;~old san 
oe shown by dlsh washing" al~n~ the strike, and even .~n the road- 
way Into the ~ine. 

The brecciated and residual ~res are ~f a dlffecent class, 
and erist Dn a very large scale. Little If any values exist In the 
cherty ~ater|~l. O~nner ~ccurr[ng In ~.asses and b)ulders fro~ ti-e 
to time In slliclfied ll~est)ne. The essential values are In the 
residual somewhat sandy clay materlal, this Inelt~des the fines and 
even the surface s~[l, whilst values very, an average value Is one 
half ~f one per-cent vanadic acld, three per-cent lead and a little. 
sliver and ~old. ~he cherty ~atcri~l 63 to 79 ~er-cent by weight can 
be ~e~ved by screenin~ after s~e nttrit! )n at a f'ne ~esh, the be.l- 
ance carry[n~ practically all the values other than those rec~ver- 
aOle by hand oickin~ on ~elts or other a~nllance~. This lead v~na- 
dlnite lends itself through f~nel.v crystalline to ordinary concen- 
tration. The ore |s theref~ce )f ~everal d[st|net cla~ses, hi;-h 
and low ~rade cooper caroon.~tes, 19w ~,r;~de vanadium bearln~ tea|dual 
ores associated with cooper oearln~ 9re In b~ulders and isolated was~es 
~old, lead-vanadIum quartz 9re and finally the ~s~:s~ve vanadinite lo- 
cally called "candy ~re" on account ~f Its attractive aoncarance. 
A further feature is the nrescnce ~f vsnadlu~ ass~clated wlth the 
co~oer throughout the wh~le ore b~dy to the e~tent o f  from one half 
per-cent to three per-cent vanadic acld, the recovery of th|s is a 
metallur:~ical problem to oe salved. 

The probaole ore amounts to mtlli~ns of tons, the ore 
actually In ."i~ht may be re~,~rded as ap~r~-~i~ately one million t~ns 
of ore which In s~me f)'m ~r another lends itself to payaole treat- 
ment. 'the ore actually mined and on ~re and sD~il oanks amounts to 
one hundred and fifty tJ )ne h~ndccd and sixty th)usand tons, of 
which one third may De re~arded as w~ste, the ualance oein~ an ore, 
of mill~n~ Frade, and yleldln;~ around one fifth of ore of shIDplng 
~.rade, if hand picked after washln~ on belts, the @alamoe treatabl~ 
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as a cooper and concentratln~ ~re. The latter wlth .~efc:ence to 
the F~Id-lead-vanadIu~ c)ntent. 

AS may be ~iready fathered the )re d)es not lend itself 
t9 coDme~ concenteat[]n, n.~r t9 s meltlnF ~n the spot. The copper 
ore can be efficiently and cheaply treated by the a~mon[a process, 
associated minerals beIn~ recoverable In Dart by subseq'aent concen- 
tratlDn. ~s stated the rc.~Idual sandy clay ores Dres<nt no d[fflcult 
finally t h e  mas ire vanad~n[te can be recovered by ?elective minin~ 
and hand n[ck~n~ In the ~nin, the Dalqnee by eImnl.v c~ncentratlon. 
]}his hand-picl(ed ore can be ea.=lly .=cnarated from Its ass oolated 
quartz by'erushlnF and tablln~, yleldln~r a very h~,~h ;,rade lead 
vanadium concentrate. 

The blast furnace [ncludIn~ b)[lerP, engines, blowers, 
crushe/~s, runnin;, ~c.ar tanks, oafs, as well as many uncoiled buildinF~ 
and sundries ~onstitute a valuable asset, and would be 3f ;'feat use 
in case of establl?hln~ a cruehtnF, am"~nnla leachtnf,., and concentra- 
tion plant. 

Development has bern Incidentally descrloed in the f~re~.s- 
in~, ~conslstlnf , ~.alnly In omen cuttln~ and some 2003 feet of tunnel- 
in~, a shaft was ori~-lnally sunk 125 fet t ~n the gDld ~re, and 40 
feet winze s3~e 4) feet fr~ the shaft was ~ulII[ frDm a 79) foDt 
tunnel driven some 35 feet below the uDDer Nos. I, 2 and ;; tunnels, 
and 19] feet above the level 9f the l~west tunnel, N. 5, this has 
been driven In ll~estone at rl.~ht an~les t9 the strike of the -re 

~ body, so~e 53] feet, and ,~h~uld e,lt the dyke w~thin 23] feet 
, Tunnels ?los, i, 2 and 3 are driven at dlverFcnt an~les at the  

same level fro~ different DaUnts. Up. i, 135' a~ove No. 5 beln~ 
driven Southwest 303 feet to the large cave. N~. 2 at a more 
obtuse an~le 533 feet t ~  contact; No. 3 driven to, and extends 
past the shaft. Tic. 4 tunBel at an Intermedlate level and at a 
sli~'ht an~le to the strike has been driven so~ne 73:) feet through 
copper ore and orecclated ~anadium bearln;. ~,~terlal assoclated w~th 
so~.e high ,~rade c~oner o~acln~ boulders of Gnleaehed Dre. In each 
case these tunnels have cut the high ~rade band of van:~dln~te at 
varyln~ dist:~nces fro-1 the mortals. These mortals are at mresent 
closed wlth one exoentIDn owin;, to slldes of 9re and waste, olher- 
wise the tunnels are believed t9 be In ~ood state of Dreservat|Dn. 

As ~tated, the ~re Is o f  several classes, all of wh~.ch are 
payable In var v!n~ de~rees, Including, even the weathered surface 
s~II. The bulk consisting" as already dercrlbed of a loosely coherent 
material carryln~ low values ~f vanadiu~, lead nnd ~reoi~u~ metals 
is amenaole to washinF, diecardln~ all out the fine material below 
20 mesh, after belt nlcktnr o.t" the coarser conoer-Oearln;" ore. 
This floe material can be efflclentlT, ~nd cheanly tabled to a hIFh 
~rade concentrate. The hl~hes.t ;-fade gopper ore is su!table for 
shipping, the Intermedl.~te and l.ow ~rades lend themselves ideally t o  
a~.,onia leaohlng. One ~f the mo.~t I~Dortant features Df the ore is 
undoubtaoly the hl,~h ~'rade ~.ass[ve "candy or(:" , cons[cleraole de- 
posits of this material are indicated in a band u p  t 3  i0 feet in 
width Parallel to the strike ancl fault contact, this has Deem cut in 
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every case by the tunnels at the e-coccted p]Int. The cave deo~e- 
Its ~f this o~'e may b~ of the utmost Importance. 

It is advised t3 mmke a survey of, and effect the r e p a i r s  
of the road req~[red t9 ~ake to Klond.vke, an ~nte~ed[ate o{)Int 
between the ~ne and the S.P. Ry., a further reconnaisance mi;~bt 
oe made of an altecn_~te r)ute t~warde Vl~nkleTan. 

Certain ~ i n e  eq~iDment is r e q u i r e d  [neludin;, c o m p r e s s o r  
and mach[ne drills, b e f o r e  commene~n~ o p e r a t i o n s ,  ""hi l s t  r e ~ a r l s  
are required to the various '~nroofed oulldlnFs, repalrs are als) 
required t~ the various unto)fed ouild[n~s, reoairs are also 
req~l|red fo the engines, the boilez'~ a~-e apparently in ~od c~nd|- 
tion. It would be adv[saele whilst carry[n~ ~ut a policy of ~eneral 
dsvelopment largely ewploratory to eTtend the lo,e~ tunnel and out 
up raises at, and oefore rea~.h[n~ the e~ntact. It is a point to 
~e decided whether the ore be wgn frg~ bel~w by ~loryh~itng from 
a series of raises tD the hgrlzDntal ~re body, or by ~I~oly open 

' c~tting. In any case It v~ll orgbably be aclvisable to selective 
mine the ~91d and mrade vanadium ore. 

The large a~ount oi" ore of varyln; ~ "-fades alrendy mined 
wart, ant the installation 9f a ~ill 9n a moderate scale. Such a 
milling plant might t ke the Y~rm of belt olckln~ 31' the ore and 
spell banks, the hl;~h Frade ~re shipped, the lower prade crushed 
and leached, t h e  waste discarded, the ~ne ~aterlal concentrated 
on tables. This procedure while orofitable would afford Informa- 
tion as to treatment on a l~r~e scale. Develonment would De car- 
ried on si~ltaneo,lsly and the mine ~oened for larpe orgdueti~n. 

.i 

The ~rade of c9~per ore ranges up to 18 per-cent and carries 
~old and silver from $3.')3 to ~8.00, thls tn part may be 
recovered Dy concentration, out oreferaoly Oy emeltln~, where 
~,rade of copper per~.[ts. The larre ore and SPell banks from a 
number of average samples evidence c~ntents oi" more or less re- 
coverable values of around %12.9) per ton, some 400 to 693 tons 
of selected ~re from this source have been shlnoed from., tI~e to 
time of a ~rade e~eeedin;, 14% copner. 

The average value of the )re and waste In ore and spell 
banks, cnupled ,vtth the value ~f the ore alPeady ehlpped and smelted 
may be taken, as it were, as a cross section ~f the assay value 
of the ore body, a value difficult t~ arrive at by sampllng In ~Ite 
whilst m[n[ng will be in the cheapest po~slble class-open euttlng 
or ploryholEn~. Conslderatlon must be tnken ~f the cost of 
stripDEn~ and the dlsDoeal of the overburden. ~'[nIn~ costs alone 
should be under $i.00 per ton. One sixth of the c:hale will pro- 
bably be overburdened waste to be stripped. 

Oost of treatment, includtn;~ ammonia leaehlnp, and espe(lal 
treatment of the ~old and vanadium ore shauId not exceed .~2.50 
per tozl and mavbe much less. Reesvery Dercentare cannot be 
closely estimated In advance. One cooper recovery would almost 
eertainly exceed 80% a hi~'h recovery womld be made of "candy 
ore" vanadium c~ntents. 



. o  I b , . . .  

,Im 



~_, . . . . . .  . ,  . . . . .  , ~ . . . . . . .  . .  - " . . . . . . . . . .  ~ " :  . . . . . . . . . . . . . .  : : ' " ~ .  . . . . . . .  , - . ] . .. : ,  ' : 7  . ,  ' }  ~ , ~ $  : , % : : 0 ' . : ] f 7 : % - " : " ~ ¢ ~ :  ~ < : . - , . . , . .  

/ .  . , . / ,  . a  

. . - . i ' ¢ - ; , , ~ . . ~ o  . .  

! . ~' - . , , ! ] :  . . - . . :  v ~ - - . - , -  - " "  - . - . . - :  - - '  ~. . ; ~  " ~  : - . . ' ) ' " ' ~ :  - - : ' ,  : . ' - -  . "  . . . .  • - , . - . = - : . - "  ~ < ' ~ ÷ , . .  / -  ~ : ~ _ . _ . ~ e . ; ~ ; < :  ~ . ; ~ . .  : : '  

,: ' . { ! ] ~ : ~ , [ . . - ~  . . . . .  : ~ -  : " - 7 _ , .  : ' ~ . - : - f :  . Z , - . , - - E ~ - : ~ - 4 ~ ~ . ,  . - :  " . . 7 : - -< .  , . , - : . -  . . . . .  ~ . - - 7 : ~ ~  . - a - ' ' >  . . . .  " . . ,:! 

: ~ a - - . - .  : . g ' _ , ~ . ~ . . ~ = a - , = C . a  . . . . . . . . . . . . .  • ' 

. ._ --7: ~:t -_ J ~:,_,: ' 

Douglas HansOn 
P.O. Box W 
Duncan, Az. 85534 

ASARCO 
J .D. bELL->LANAGE 
p.O. BOX 5747 
TUCSON, ARIZONA 

857o3 

i . .  

. , . . 7 . 

, ~' ~!~.. ~ I L ~ .  ~ ~ " ~ i ~  ~ " ~  ; ~ . ~ . ; , 7 . = ~ , ~  



Southwestern Exploration Division 

July 17, 1978 

TO: F.T. Graybeal 

FROM: P. G. Vi kre 

Breccias and massive silica 
deposits in the vicinity of 
Little Table Mountain 
Pinal County, Arizona 

SUMMARY 

More than 25 distinct intrusive breccias outcrop in the Galiuro Mountains 
southwest of Little Table Mountain, Pinal County, Arizona. The breccias 
occur in Glory Hole Volcanics which are similar to those that contained 
commercial copper-molybdenum deposits in the Copper Creek District three 
miles to the south. Massive silica replaces Escabrosa Limestone north of 
Little Table Mountain and hosts a small copper-gold deposit, the Table 
Mountain Mine. Alteration associated with breccias is quartz-hematite- 
clay-sericite. Limestone adjacent to massive silica is unaltered. 

Anomalous metal values are present in the breccias and massive silica 
deposits. Forty-five samples assayed for gold (oz/ton), silver (oz/ton), 
copper (~), lead (~), molybdenum (~), and arsenic (~) yield the following 
averages (number of analyses in parentheses): 

Breccias 

Au(5) Cu(35) eb (35) Mo (35) As(5) 

0.0006 .01 .02 .0012 .0022 

Massive Silica 

Au(IO) Ag(10) Cu(4) Pb(4) Mo(4) As(3) 
.0032 .20 .07 .73 .0067 .0057 

Background values in "unaltered" Copper Creek granodiorite and Glory Hole 
volcanic rocks are: Au - trace, Ag - O.Ol oz/ton, Cu - 0.01%, Pb - trace 
to 0.01%, and Mo - 0.001%. Six spectrographic analyses reveal high barium, 
manganese, and titanium in breccias, and high barium, antimony, chromium, 
manganese, titanium, vanadium, and zinc in massive silica. 

It is assumed that the structures and anomalous metals are time-space 
related to mineralization in the Copper Creek District. However, the 
potential for economic concentrations of metals at depth appears limited 
because of l~v values in surficial facies. 

INTRODUCTION 

Several square miles of pre-Miocene rocks in "the vicinity of Little Table 
Mountain, Pinal County, Arizona, were mapped and sampled to determine if 
intrusive breccias, alteration, and siliceous deposits associated with 
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these strata bore relation to economic porphyry copper-type or low-grade 
precious metal mineralization. The areas examined are exposed on the north 
and southwest flanks of Little Table Mountain where erosion has cut through 
post-mineralization Galiuro Volcanics which comprise Little Table Mountain, 
Table Mountain, and Holy Joe Peak, all in the Galiuro Mountains. 

Interest in the area stems from several sources. Pre-mineralization rocks 
southwest of Little Table Mountain are partly covered by the claims and state 
prospecting permits of Frank Tapia, of San Manuel, Arizona, who submitted 
samples\of breccia to Asarco. An examination of Tapia's holdings was made 
by J. D: Sell on January 9, 1978. Mr. Sell recommended detailed mapping and 
further geological reconnaissance of the area. 

Pre-mineralization rocks near Little Table Mountain are the same as those in 
the Copper Creek District, 3 miles south of Little Table Mountain (Simons, 
1964; Krieger, 1968). At Copper Creek, several millions of dollars in copper 
and molybdenum were recovered from breccia pipes in Glory Hole Volcanics and 
Copper Creek granodiorite (Simons, 1964). Deep drilling by EXXON and Newmont 
in recent years has discovered a low-grade porphyry-copper deposit at depth. 

Ten field days in March and April 1978 were spent mapping and sampling near 
Little Table Mountain. J. M. Wood assisted in sampling. F. T. Graybeal and 
J. D. Sell made suggestions and constructive criticisms during two field 
visits. Six thin and polished thin sections helped document alteration and 
mineralization. 

GEOLOGY 

Figure l, centered on Little Table Mountain, is a geologic map of the rocks 
and structures discussed below. Little Table Mountain consists of well-bedded 
andesites and coarse lithic tuff uniformly dipping about 5°NE. These rocks 
are members of the Galiuro Volcanics which are about 29 to 23 m.y. old 
(Creasey and Krieger, 1978). The Tertiary rocks primarily overlie, with slight 
angular unconformity, Mississippian Escabrosa Limestone north of Little Table 
Mountain and Glory Hole Volcanics southwest of Little Table Mountain. Small 
intrusive plugs of varying composition and texture intrude Glory Hole 
Volcanics. The intrusive rocks are probably apophyses of the Copper Creek 
granodiorite, the main mass of which is exposed to the south and southwest 
of Figure l (Simons, 1964; Krieger, 1968). Numerous breccias and fragmental 
dikes in Glory Hole Volcanics are conspicuous because of alteration and 
topographic relief. Prominent ledge and spine-like masses of chalcedonic 
quartz and siliceous breccia replace limestone northeast of Little Table 
Mountain. The Table Mountain Mine recovered copper, gold, and silver from 
about lO0,O00 tons of ore in one of these siliceous masses. Quaternary 
deposits include seasonal stream detritus and nun~rous landslides along the 
southwestern flank of Little Table Mountain. 

No detailed petrography was attempted on any of the lithologies, but several 
breccias were examined under the microscope. Hand specimen and field 
descriptions of other units on Figure l are included in an APPENDIX. 
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BRECCIAS 

Glory Hole Volcanics are cut by dozens of breccia plugs and dikes many of 
which weather as prominent land forms (Fig. 2). Equidimensional, cylindrical 
plugs are generally one hundred feet or less in diameter, but the largest 
breccia, although partly covered, is probably greater than 150 feet in 
diameter. Dikes have discontinuous exposures and rarely exceed l0 feet in 
width. Virtually all are vertical. The intrusive breccias have been placed 
in four categories on Figure l: (I) breccias consisting of clasts and quartz+ 
hematite~sericite matrix that distinctly show evidence of movement, or 
imbrication and are discordant to enclosing strata; (2) breccias consisting 
of disrupted clasts, indicative of partial movement, which are cemented by 
quartz, silicates, and iron oxides; (3) breccias that are essentially country 
rock fractured and cemented in place, with little or no evidence for clast 
movement; and (4) siliceous, occasionally flow-banded and zoned breccia 
dikes with foliated margins and centers consisting of rotated fragments. 
Distribution of breccia types is shown on Figure 3. 

Breccia plugs are commonly enveloped by strong red-orange iron oxide staining 
in fractured and altered Glory Hole Volcanics (Fig. 2). Clasts measure from 
L I/4" to 74" and average about 2" in maximum dimension. They are usually 
unsorted and angular (Fig. 5A) but may be well-imbricated (Figs. 4A, 5B). 
TKb I and some TKb 2 clasts are primarily microcrystalline quartz+clay±sericite± 
iron oxide aggregates with rare quartz phenocrysts (see ALTERATION AND 
MINERALOGY OF BRECCIAS). Angular fragments of quartzite, "jasperoid," and 
porphyritic rocks are abundant in some quartz-rich breccias. 

Breccia plugs that consist primarily of altered Glory Hole Volcanics are 
less erosionally resistant, and many barely outcrop. Any relief present may 
be attributed to quartz+iron oxide*sericite matrix. Clast alteration in 
these breccias is more strongly argillic than in breccias containing quartz- 
rich fragments. Both types of breccia may be cut by stringers of micro- 
crystalline silica+iron oxides. 

Breccia matrix in quartz-rich breccias is largely hematite (Fig. 5A) and/or 
quartz (Fig. 5B). Narrow, porphyritic mafic dikes cutting some breccias 
are probably sources for Galiuro Volcanics. Other well-sorted clastic dikes 
which transect foliation in breccias (Fig. 5C) apparently formed in late-stage 
fractures and were produced by autogenous milling in a fluid medium. 

Breccia dikes range in s t ruc ture  from res is tant  l inear  zones of s i l i c i f i e d  
country rock f ractured and cemented in place to i n te rna l l y  d i f f e ren t i a ted ,  
composite dikes cons is t ing of flow banded, f o l i a ted  margins and brecciated 
in te r io rs  ind ica t i ve  of c las t  movement (Fig. 4B). Each s t ructure is 
gradational wi th the other.  In places, dikes appear to be c i rcumferen t ia l l y  
arranged about larger  breccia plugs (Fig. l ) .  Nowhere do they cut plugs, 
and similar structure and envisioned mode of origin suggest that dikes and 
plugs are coeva|. 
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Figure 2. Breccia (TBO) plug (TKb I) southwest of Little 
Table Mountain, Arizona surrounded by ferru- 
gineous soil and float derived from altered 
Glory Hole Volcanics. Slight foliation (enhanced 
by jointing) strikes east and dips N20°N (to the 
left) but locally varies. 
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Figure 4. 

A. 

Structure in breccia plugs and dikes, with hammer for 
scale, southwest of Little Table Mountain, Arizona. 

Breccia (TBL) plug (TKbl) consisting of flattened, 
imbricated siliceous clasts in quartz+hematite± 
sericite matrix. Foliation strikes north, dips 
-~30°E (to the right), and locally varies. 

B. Zoned breccia dike (TKb 4) 
displaying foliated margins 
and brecciated interior. 
Dikes trend east, or east- 
northeast, and are nearly 
always vertical. 
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Figure 5. 

A. 

BQ 

C. 

Cut slabs of breccia plugs (TKbl), with scale, from 
Little Table Mountain, Arizona. 

Unoriented, angular siliceous clasts in hematite-rich 
matrix. Hematite also occurs disseminated and along 
fractures in fragments. 

Imbricated, flattened siliceous clasts in quartz+ 
sericite, iron oxide-deficient matrix, similar to the 
breccia pictured in Figure 4A. 

Clastic dike intruded into foliated breccia, displaying 
lateral particle-size gradation and iron-oxide zonation. 
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STRUCTURE 

Regional structure in the vicinity of Little Table Mountain is characterized 
by relatively flat-lying volcanic and sedimentary rocks partly deformed by 
intrusions, and by high-angle faulting of modest displacement. Bedding in 
Escabrosa Limestone rarely exceeds 15 ° and is commonly 5 ° or less. Limestone 
north of Little Table Mountain is remarkably undeformed. Southwest of Little 
Table Mountain limestone generally dips less than 15 ° north, but adjacent to 
dikes and plugs of Copper Creek granodiorite attitudes may approach 60 ° . 
Limestone there is weakly to intensely brecciated and cemented by carbonate± 
silica. Dikes of porphyritic mafic rocks, which are probably the sources for 
some of the Glory Hole eruptives, may have caused some of the deformation. 
The emplacement of massive siliceous breccias into limestone north of Little 
Table Mountain appears to have been entirely a process of dissolution and 
replacement and not forceful injection. Some ledge-like outcrops of chalce- 
donic quartz have selectively replaced carbonate beds and are conformable to 
enclosing limestone. In the vicinity of irregular cross-cutting silica 
masses, numerous chalcedonic stringers with random orientation pervade 
surrounding limestone, often hundreds of feet from the main silica body. 

Attitudes of members of the Glory Hole Volcanics vary appreciably. The 
youngest eruptive rocks (TKg l) dip less than 15 ° northeast except WI1ere 
arched by Copper Creek granodiorite and older Glory Hole intrusive andesites, 
or faulted. Other Glory Hole members have more erratic attitudes and little 
attempt was made to accurately reconstruct the stratigraphy. 

Several exotic blocks of clastic sedimentary strata are engulfed by intrusive 
andesites and Copper Creek granodiorite plugs. The composition of the equi- 
granular, sand-textured pendants is highly quartzose. Rarely do they contain 
more than a few percent rock fragments and feldspar. Iron oxides are a 
noticeable accessory in the northernmost block. These exotics have been 
assigned a lower Paleozoic age. Krieger (1968) reports similar landslide 
blocks of possible Troy quartzite which occur as inliers in Glory Hole Volcanics 
and in the Copper Creek granodiorite of Boulder Mountain. 

Breccia dikes are strongly oriented east-northeast or east with few exceptions. 
Breccia plugs do not have a preferential orientation, nor are any noticeably 
aligned. High-angle joints, striking N50°E to N60°E, are conspicuously 
co-planar with many breccia dikes and occur throughout the mapped area in 
all pre-Galiuro rock units. Jointing is particularly prominent in the large 
silica masses north of Little Table Mountain. 

Several normal faults displace Escabrosa Limestone and Glory Hole volcanic 
rocks. Not all faults were observed in outcrop and southwest of Little 
Table Mountain rapid facies changes, drainage patterns, and alteration were 
interpreted as evidence for faulting in some cases. Displacement along all 
faults is probably less than lO0 feet, and attitudes of fault planes are 
nearly vertical. Most faults trend east or east-northeast, similar to the 
orientation of breccia dikes and regional jointing. Fault zones in Dry Camp 
Canyon consist of silicified, hematitic breccia that intermittantly weathers 
in relief (TKb5). 
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Age of most faulting is post-Cretaceous and pre-Miocene, although displacement 
of some silica deposits north of Little ~able Mountain probably occurred after 
deposition of Galiuro Volcanics. Galiuro units are generally uniformly 
bedded, but no large offsets in stratigraphy are noticeable in the extensive 
sections exposed on the east sides of Little Table and Table Mountains. 
Structural relations in the vicinity of the Table Mountain Mine may be 
explained by high pre-Galiuro relief, or by en echelon normal faulting in 
Escabrosa and Galiuro rocks of small individual, but large composite displace- 
merit. 

ALTERATION AND MINERALOGY OF BRECCIAS 

Quartz, clay minerals, iron oxides, iron sulfide, and minor amounts of 
sericite have been added to pre-Miocene rocks on the southwest side of Little 
Table Mountain. These minerals are most abundant in, or adjacent to, 
recognized breccias but are not confined to them. Glory Hole Volcanics 
contain sporadic occurrences of this assemblage which do not bear spatial 
relation to breccias. For this reason it is possible that more than one stage 
of alteration has affected Glory Hole rocks and some alteration may have 
occurred during or following the eruption of Glory Hole units. The most 
obvious alteration is associated with the intrusion of breccias. 

There is no megascopic alteration associated with massive silica north of 
Little Table Mountain. The silica sharply borders enclosing limestone and 
secondary minerals in the carbonate were not observed. However, no optical 
examination of these rocks was made. 

Under the microscope, breccia matrix consists of varying amounts of quartz, 
hematite, se r i c i t e ,  and clay minerals, mainly montmoril lonite and kao l in i te .  
Laths of f ibrous, sagenit ic hematite form up to 70~ of breccia matrix along 
with lesser amounts of pyr i te  in sub-5 mm cubes, goethite pseudom~rphous 
a f te r  pyr i te,  and ru t i l e  (or anatase). Breccia matrix may be as much as 50% 
void, often bordered by hematite plates. Most breccia clasts are mainly 
aggregates of f ine-grained to microcrysta l l ine quartz and hematite±clay 
minerals, se r i c i t e ,  and submicron pyr i te,  and ru t i l e .  Quartz generally forms 
80+% of any breccia and hematite is always the second most abundant consti tuent. 
Spectrographic analyses suggest that minor amounts of bar i te and manganese 
oxides also occur in the breccias. 

Many breccia clasts show no similarity to other rocks exposed in the vicinity 
of Little Table Mountain. They contain up to 5% partly resorbed quartz 
phenocrysts in irregular, jigsaw textured quartz-clay-FeOx mosaic. All 
fragments compositionally resemble breccia matrix and many are recognizable 
only because of variations in grain size and/or FeOx content. Random, 
coarse-grained quartz aggregates and veinlets cut breccia clasts and matrix. 
Simons (1964) considers breccia clasts in some of Copper Creek District 
breccias to be hornfelsed Glory Hole Volcanics. 

FLUID INCLUSIONS 

A brief examination of fluid inclusions in quartz phenocrysts and aggregates 
reveals two possible populations of primary inclusions: one, encompassing 
5% of all inclusions, contains 50-70% vapor; the other more prevalent 
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va r ie ty  contains 80-90+~ vapor. No daughter minerals are present, Inclusions 
are extremely abundant in most phenocrysts - -  > I03 inc)usions/mm 2 o f  th in  
sect ion surface area. 

MINERALIZATION 

Two types of  known metal m inera l i za t ion ,  one in the Copper Creek D i s t r i c t  and 
the other at the Table Mountain Mine, occur in rocks of  the L i t t l e  Table 
Mountain area. These deposits suggest, to an extent ,  the targets fo r  explora-  
t ion in p re -m inera l i za t ion  rocks of  L i t t l e  Table Mountain. The fo l lowing 
deposit  summariesare la rge ly  a f te r  Simons (1964). 

The Coppe..r .Creek D i s t r i c t  is character ized by more than 200 breccia pipes, 
some of which contain copper, molybdenum, and other metals in Glory Hole. 
Volcanics andCopper Creek granod ior i te .  Production to 1939 includes 8 m i l l i o n  
pounds of  copper, 7 m i l l i on  pounds of  MoS2, 4 m i l l i on  pounds of lead and 
several hundred thousand ounces of s i l v e r .  The productive breccias, which 
are 3 to 3-1/2 miles south-southeast of  L i t t l e  Table Mountain, are near ly 
ve r t i ca l  cy l inders  measuring a few feet to more than 600 feet in diameter. 
Their  minimum v e r t i c a l  dimension is 850 feet .  Many weather in r e l i e f  as 
i r o n - s t a i n e d e l l i p t i c a l  knobs, often tens of feet  high. The breccias consist  
of  angular to rounded fragments of  country rocks of  varying size. Voids may 
be p a r t l y  f i l l e d  wi th quartz,  s e r i c i t e ,  and tourmaline. Py r i te ,  cha lcopyr i te ,  
molybdenite, and born i te  occur mainly in breccia in te rs t i ces  but also are 
disseminated in breccia fragments and wall rock, and rarely in crosscut t ing 
ve ln le ts  in breccia.  Other su l f i des ,  s u l f o s a l t s ,  and oxides are present in 
small amounts. Some breccias in volcanic rocks are crudely imbricated whi le 
otherg are unsorted and chaot ic .  Degree o f  fragmentation varies from intense 
crushing to i nc i p i en t  f rac tu r ing  and a l t e r a t i o n .  Occurrences of unfractured 
l a t i t e  porphyry in several pipes suggest contemporaneity with breccia 
in t rus ion .  Most wall rock-breccia contacts are sharp and show few signs of 
movement. Qua r t z - se r i c i t e  a l t e ra t i on  of  breccia fragments varies from 
marginal to complete r e c r y s t a l l i z a t i o n .  Wall rock is l i t t l e  f ractured and 
a l te red .  Barren and mineral ized breccias contain s imi la r  a l t e ra t i on  assem- 
blages. The emplacement of most pipes does not seem to have been s t r u c t u r a l l y  
con t ro l l ed ,  as there is l i t t l e  l i nea t ion  or elongation of breccias. The 
o r i g i n  of  the breccias is con jec tura l .  

The Table Mountain Nine, located I -1 /4 miles nor th-nor theast  of L i t t l e  Table 
Mountain, produced copper and gold from about 100,000 tons of ore during the 
period ~ 1880-1928. Ore contained 7-14+~ Cu and 0.2 oz, Au/ton. Remaining 
minera l i za t ion  and smelter slag analyzed by Simons (1964) contain,  respect ive ly :  
2-3% Cu, 0 .5 -0 .6  oz. Ag/ton, and 0.14-0.15 oz. Au/ton; and 2.4% Cu and 0.02 
oz. Au/ton. Minor amounts of lead and vanadium are reported. 

Pr inc ipa l  metal values occur as copper and lead s i l i c a t e s ,  carbonates, and 
arsenates in massive, i r r egu la r ,  chalcedonic s i l i c a  and s i l iceous breccia.  
Bar i te  is the only other  common 9angue mineral .  The s i l i c a  outcrops are 
mott led gray, red, brown, and white res is tan t  knobs and ridges which l oca l l y  
exceed 100 feet  in width and 1000 feet  in length. The s i l i c a  replaces coarse- 
grained Escabrosa Limestone, and both rocks are unconformably over la in  by 
Gal iuro Volcanics. Fault-bounded blocks of  limestone are enclosed in the 
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th i cker  s i l i c a  masses, and i r r egu la r  pods and veins of  chalcedonic quartz 
l a t e r a l l y  pervade adjacent l imestone for  several hundred feet .  Wall rock 
a l t e r a t i o n  is unrecognizable. 

Copper minerals are largely confined to pods, vugs, joint surfaces, and 
fractures in silica. They are particularly abundant in interstices of 
coarsely bladed barite aggregates. No sulfide minerals are reported by 
Simons nor were any observed. 

Mineralization in the vicinity of Little Table Mountain. Forty-seven rock 
chip samples were analyzed to evaluate potentially mineralized areas on 
both sides of Little Table Mountain. Detection of disseminated copper- 
molybdenum and precious metal deposits were the object of the geochemical 
survey. Thirty-five samples were collected from breccias and altered country 
rock on the southwest side of Litt]e Table Mountain. One sample each of 
Copper Creek granodiorite at Boulder Mountain and a lower andesite flow near 
Little Table Mountain were analyzed for background estimation. All of these 
samples were analyzed for copper, molybdenum, and lead. Ten samples were 
collected from siliceous replacement masses north of Little Table Mountain 
and in the vicinity of the Table Mountain Mine (Fig. 6). These were analyzed 
for gold and silver, and copper, molybdenum, and lead, in part. The results 
are attached and values plotted on Figure 7. 

All of the above analyses were performed by American Analytical and Research 
Laboratories (Tucson, AZ). Five pulps of breccia and massive silica were 
sent to Skyline Labs, Inc. (Wheat Ridge, CO) for emissionspectrographic 
analyses to check for unforeseen elemental abundances. Eight pulps of 
breccia and massive silica samples were analyzed for gold and arsenic by 
Skyline Labs, Inc. (Tucson, AZ). These results are also attached and plotted 
on Figure 7. 

DISCUSSION 

Metal values are tabulated according to lithology and structure on Table I. 
It is evident that copper, lead, molybdenum, gold, silver, and possibly 
arsenic occur in anomalous concentrations in breccia plugs and dikes, in 
altered Glory Hole Volcanics, and in massive silica replacing Escabrosa 
Limestone. The abundances of the elements are I to more than 20 times 
greater in these lithologies than in "unaltered" country rocks. The mast 
anomalous values appear to be golds silver, ,T~lybdenums copper, and lead in 
massive silica. Metals associated with intrusive breccias and related 
alteration are only slightly m~re enriched than in country rock, based on 
limited analyses. 

Spectrographic analyses reveal high concentrations of barium, chronium, 
manganese, antimony, strontium, titanium, vanadium, zinc, zirconium, and 
nickel in breccias and massive silica. Of these, barium, manganese, titanium, 
and zinc appear to be anomalous in both lithologies while the other elemental 
abundances may be high, but are sporadic, given the limited analyses. 

It was assumed that if copper-molybdenum mineralization is present in breccias 
at depth, surface sampling would indicate markedly higher values for these 
metals. Similarly, if the breccias were eruptive facies of an underlying 
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Fi gure 6. Si l i ceous  b recc ia ,  north of L i t t l e  Table Mountain, 
Ar izona,  with hammer for  sca le .  Angular fragments 
cons is t ing  of  t e x t u r e l e s s ,  m i c r o c r y s t a l l i n e  s i l i c a ,  
are contained in m i c r o c r y s t a l l i n e  s i l i ca±FeOx 
mat r ix .  Fragments of  l imestone and shale are 
extremely  rare .  Such outcrops grade into massive, 
m i c r o c r y s t a l l i n e  s i l i c a  which replaces Escabrosa 
l imestone.  Massive s i l i c a  is t y p i c a l l y  unstructured 
and weathers in extreme r e l i e f .  

ill! i 
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TABLE I. 

MAP UNIT 
ROCK TYPE FIGURE 1 

Mete| values in rocks of the L i t t l e  Table Mountain area 

A. Trace element analyses 

NUMBER 
OF SAMPLES Cu(%) Pb(%) Mo(%) As(%) 

Breccia plugs TKbI,2, 3 

Breccia dikes TKb4, 5 
bracciated fau1~ zone 

Altered Glory H o l e  TKgl,2,3,4, 5 
volcanic rocks 

Mass'ive slI ica sl 

"unaltered" TKc 1 
Copper Creek gd 

Galiuro andesite Tgu 

*includes one sample with 2.80% Pb 
+"trace" analysis calculated as 0.001 oz/ton 

19 
5 

6 

IO 

.011 .023 .0012 

.02 .018 .0010 

0.0022 

.01 .021 .0006 

4 
I0 

.07 .73"  .0067 

1 .01 t r .  .0001 

0.0057 

Au oz/ ton Ag oz/ ton 

< 0.0006 

0 .0032+  0 ,201  

t r .  0.01 

I .01 ,01 .0001 t r .  0 .01 

Map Unit 
Rock Type Fi~ure. 1 

Breccia plugs TKbl,2, 3 

Breccia dikes TKb4, 5 

Massive si l ica si 

B. Selected spectrographic analyses for other elements 

Number o f  
Samples 

. . . . . . . . . . .  Hiqh Eleme. n t a l  Abundance (Ranqe) in PPM 
Ba Cr Mn Sb Sr T[ V Zn Zr N'I 

2 10-500 20- 20- < 100 200 500- 30- < 200- < 20- < 5- 
50 1000 2000 70 200 70 50 

i 150 30 100 < 100 300 2000 50 < 200 100 5 

2 <10->10000 150- 200- <100-  i00- 50- 20- <200-  <20  15- 
200 5000 500 700 200 300 >lO000 20 

Mil l  s lag,  
Table Mountain 
Mine 

Ag As B 

3 3000 150 
1 

Ni Pb Sb 

50 5000 IO00 

Ba Bi Co Cr Cu Mn Mo Nb 

>10000 20 30 100 >10000 >10000 100 50 

Sn SI TI V Y Zn Zr 

20 700 1500 1500 70 10000 100 

- r l  

-4 
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"3 

,< 
o- 
tD 
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- . j  

- . . j  
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intrusive rock, mineralization in the intrusive would be reflected in the 
breccias. This reasoning is based, in a general way, on the occurrence of 
economic mineralization in the Copper Creek District, where similar- 
appearing breccias contain copper and molybdenum at the present surface. 
Mineralized porphyritic(?) rocks have been intersected by drilling at Copper 
Creek, although the mineralized breccias apparently do not directly overlie 
the intrusive (J.H.Courtright, F.T.Graybeal, pers. com.). Breccia distribution, 
structure, and associated alteration are impressive and generally comparable 
to those at Copper Creek, but the weak geochemical response of breccias in the 
Little Table Mountain area does not suggest worthy targets at depth. 

Breccias in the Copper Creek District (Simons, 1964) differ from those 
southwest of Little Table Mountain in the following ways: 

(a) breccias are more numerous, more concentrated and larger, on the 
whole 

(b) they contain copper and molybdenum sulfides, pyrite, lead, zinc, 
and tungsten minerals 

(c) pyrite may be abundant in wall rocks 
(d) breccia matrices contain tourmaline, apatite, feldspar, calcite, 

gypsum, and biotite, in addition to quartz 
(e) breccias occur in Copper Creek granodiorite as well as in 

hornfelsed Glory Hole Volcanics 

It may be surmized that the breccias formed from rapid emplacement and 
devolatilisation of facies of Copper Creek granodiorite intruded into Glory 
Hole Volcanics, but economic metal abundances occurred only where underlying 
or nearby intrusives were Cu-Mo rich, as at Copper Creek. The numerous 
juxtaposed plugs and apophyses of intrusive rocks displaying a wide variety 
of textures and compositions near Little Table Mountain indicate that the 
so-called Copper Creek granodiorite is probably a related petro]ogic series 
of rapidly evolved and intruded fluid-rich phases. Source melt(s) in the 
Little Table Mountain area were evidently metal deficient. However, the 
potential remains for other mineralized intrusives and associated breccias 
within the Copper Creek granodiorite complex elsewhere. Much of the complex, 
particularly to the north and west of Copper Creek, is covered by post- 
mineralization volcanic rocks and gravels (Simons, 1964; Krieger, 1968), but 
units mapped as younger rocks may not be post-mineral, especially east of 
the Copper Creek District (J.H.Courtright, 1978, pars. com.). 

The massive silica replacement deposits in limestone north of Little Table 
Mountain are somewhat enigmatic. Their size and metal content are fairly 
intriguing and their relation to mineralization and alteration in the Copper 
Creek District is, at best, circumstantial. The Table Mountain Nine contained 
moderately high-grade copper-gold ore, the former metal exclusively in non- 
sulfide forms. The forms of metal in massive silica analyzed for this report 
are unknown and it is not totally unreasonable to speculate that the copper 
silicates, carbonates, and arsenates at the Table Mountain Mine are primary. 
Vugs, euhedral crystals, and several generations of brecciation and cementa- 
tion in massive silica suggest that replacement occurred at modest depths 
and perhaps had surface expression. Undoubtedly, other metalliferous 
siliceous masses are buried by (post-mineralization) Galiuro Volcanics, 
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but no economic mineralization is indicated by sampling to date. Recognition 
of genetic relations to Copper Creek intrusive-breccia mineralization might 
permit exploration possibilities, such as massive sulfide replacement 
deposits in limestone, to assume other than hypothetical stature. The 
potential for low-grade precious metal deposits, in light of occurrences 
elsewhere in Nevada, California, and Arizona appears limited, although the 
prospective thesis by F. R. Koutz may cause some reevaluation of this 

assessment. 

CONCLUSIONS 

Potential for economic copper-molybdenum, low-grade precious metal, and 
perhaps other mineralization exists in the vicinity of Little Table Mountain, 
Arizona. Mapping and sampling, however, suggest no obvious areas for further 
exploration when interpreted in context with published and reported descriptions 
of mineralization in the Copper Creek District, to which at least some 
alteration and structure at Little Table Mountain is time-space related. 
Further work at Little Table Mountain should await (I) a bright idea, (2) 
"frivolous" money. 

P. G. Vikre 

PGV:Ib 
A t ts .  
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APPENDIX --Description of some rock units in the vicinity of Little Table 
Mountain, Arizona 

INTRUSIVE ROCKS 

Copper Creek granodiorite facies 
map symbol (Fig. l) 

TKc ! fine-grained, miarolitic, equigranular to porphyritic feldspar±biotite± 
chlorite±hornblende±quartz; trace FeS2, up to 5% epidote in cavities, 
also with calcite and sericite partly replaces feldspars and hornblende; 
quartz-feldspar proportions vary; rounded, knobby, spheroidally weathered 
outcrops. 

TKc 2 medium to coarse-grained granite, approximately 60% K-feldspar, 40% 
quartz; occasional albite(?) megacrysts up to 2 cm long; poorly outcropping, 
occurs as blocks within other intrusive phases. 

TKc 3 hornblende-rich variety of TKcl; hornblende prisms up to l cm long form 
up to 15% of the rock. 

TKc 4 varieties of TKc I and TKc 3 and quartz+feldspar porphyritic intrusive rocks 
of varying texture and composition often occurring intimately juxtaposed; 
incorporated into single unit because of mapping scale; variable quartz+ 
sericite±epidote~calcite alteration. 

TKc 5 medium to fine-grained porphyritic andesite-diorite; porphyritic varieties 
~ixed with equigranular facies; more than 1570 of the rock consists of up 
to 3 mm laths of plagioclase and megacrysts of biotite and rare epidote in 
a gray-black microcrystalline matrix; rarely outcropping. 

EXTRUSIVE ROCKS 

Glory Hole Volcanics facies 
map symbol (Fig. l) 

TKgl siliceous, porous, partly welded, lithic tuff; contains up to 60% angular 
fragments of older rocks in a light gray-white to iron-stained matrix; 
occasional feldspar and clear quartz phenocrysts; clasts and matrix largely 
altered to quartz+clay+pyrite~sericite; prominently outcropping. 

TKg2 coarse-grained massive lithic tuff and breccia, undivided; contains a 
variety of well-rounded to angular porphyritic and equigranuiar rocks in 
a purple-gray, microcrystalline, porphyritic matrix; 70% or more of 
breccia may be clasts; poorly outcropping. 

TKg 3 porphyritic andesite, similar to TKgs, but including subordinate ruffs and 
breccias; <5% to 15% sericitized feldspar euhedrons in gray to black, 
mi-c roc rys ta l l i ne  mat r i x .  
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TKg 4 

TKg 5 

TKg 6 

porphyritic, amygdaloidal, hornblende andesite(?); contains up to ]0~ 
2 mm hornblende prisms, and <5~ epidote+zeolite?-filled amygdules in 
fine-grained to microcrystalline, green matrix; rare plagioclase pheno- 
crysts partly altered to epidote; poorly outcropping. 

porphyritic a ndesite, but <2 mm phenocrysts of plagioclase, biotite, 
and hornblende may be absent; gray-black microcrystalline to equi- 
granular matrix; may in part be intrusive. 

siliceous, porphyritic breccia and l ithic tuff, undivided; poorly sorted 
and bedded; rock fragments indistinct on fresh surface; gray-green matrix 

.partly replaces most clasts; may in part be intrusive. 

Pcl 

Me 

Meb 

Tcl 

SEDIMENTARY ROCKS 

quartzite; clean to ferruginous exotic blocks of lower Paleozoic quartzite, 
usually well-sorted but-structureless; also includes fine to medium- 
grained, well-sorted and bedded ]ithic arkoses, wackes, and ruffs, 
probably also exotic. 

Escabrosa limestone; medium to coarse-grained, well-bedded calcite; 
bioclastic, ±varying amounts of irregular, microcrystalline silica veins; 
light gray, prominently outcropping. 

limestone breccia; variety of Escabrosa limestone strongly fractured and 
pervaded by irregular silica±iron oxide veins; some calcite veins also; 
locally replaced by silica; occurs only on the southwest side of Little 
T~ble Mountain. 

pre-Galiuro clastic rocks; light-brown, soft, porous, sorted, equigranular 
lithic turfs; poorly outcropping. 

DIKE ROCKS NOT SHOWN ON FIGURE l 

( l )  Dike occurring in breccias TBO, TBL, and TBC southwest side of Little Table 
Mountain; <l foot to 2 feet wide consisting of 15-30% sericitized/kaolinized 
euhedral plagioclase in lavender to red iron-stained microcrystalline matrix; 
rare ×enoliths of microcrystalline, white, siliceous rock; slight to 
pronounced t r achy t i c  texture,  

(2) Silica-carbonate dike? in Escabrosa limestone (Me), northeast of Little 
Table Mountain; light gray-brown, coarse to fine-grained calcite (30%) and 
quartz (70~); contains <2 mm wide stringers of chalcedonic silica; probably 
replaces limestone. 

(3) Dike occurr ing in limestone breccia (Meb), on the southwest side of L i t t l e  
Table Mountain in road cut ;  5-t0~ phenocrysts of <2 mm hornblende prisms 

(weakly l ineated)and rare s e r i c i t i z e d  plagioclase in l i gh t  green-gray micro- 
c r y s t a l l i n e  matr ix ;  minor r e l i c t  xeno l i t hs ;  1 to 2-inch selvedges of  
wollastonite(?) flank dike; attitude - N20°E, vertical. 



East  

S A M P L E  M A R K E O  

bl i lhe r  

• A b I E R I C A N  
w '  

P h o n e  8 8 9 - 5 7 8 7  

A N A L Y T I C A L  and R E S E A R C H  L & B O R A T O R I E S  

A S S A Y E R S  - C H E M I S T S  - M E T A L L U R G I S T S  
T U C S O N .  A R I Z O N A  e ~ 7 ' ~ 4  

ASARC{;. INC. SAMPLE SUBMITTED BY . . . .  

DATE A p r i l  i 9 ,  1978 

G O L I 3  

OZ  / T O N  

S I L V E R  

O Z + / " r G N  

P E R  C E N T  

C O P P E R  

l P E R C E N T  

L E A O  

0 . 0 3  

- t I P E R{.  Ir N'lr ] P E R C I t N T  PJr l;IC [ N T  

Z I N C  I ~ O L Y  8 O E N U I I  I R O N  

i 
I I 

LTM-] 0 . 0 2  0 . 0 5  .0017 

i 
• 2 0.01 0 . 0 4  , . UO(}5 

O.Ol 

5 

" O 0  { } 9  

4 0.01 0.(}4 .00] 3 

• i J I 

4,\ o.ot 1 0.03 [ .0009 

4B O.O1 [ ._0.02 j .i "00{}5 ' 

l 0  

0 . 0 1  

... - ~ 3 ¢ 4 1  

0 . 0 3  

0.01 0 . 0 3  t 

I 
+ 0 . 0 1  0 . 0 1  l " I 

0.01 0.02 

O . 0 1  

0.01 

O.Ol  

O. O1 

0.01 

0.01 

0 . 0 1  

l_l 

12 

13 

14 

3A 

0 . 0 ]  

0 .Or  

0.02 

0 . 0 2  

0 . 0 1  

0 . 0 2  

0 . 0 2  

0 . 0 2  

0 . 0 2  15 

.0014  

.0005  

.C,}0, 

8 I. 

. 0022  

• 0 0 1 9  

• 0005 

.0008 

.0021  

.001 ~ 

' . { ) 0 2 2  

. O013 

A ' J . 0009  

i 16 O.Ot  0 .01  .O0l  t 
i 

17 0 . 0 1  0 . 0 2  I .0008 

' I I o . o l  , . o o o ' ;  1 7 A  O . O 1  ; 1 ; 

0 . 0 6  

0 . 0 1  

, O.Oi  

O.Ol 

0 . 0 ]  

O. 02 
- -  q . . . . . . . . . . . . . . . . . . .  , 

O. 02 

18A 

1 8 B  

19 

LTM-20 

I 
l .0008 ] 

I .o.++ I _ .... 
1---;"--:r . . . . .  

i .ooo9 
I 

C). 02 1 ,0004  
. . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . .  2~  " . . . .  

, ""~ " 7  " 

Invoice # 15741 



> , , 3 4 4 1  East Milber 

AMERICAN 

S A M P L E  S U B M I T T E D  B ~  q'\}?C'( '~ ' 

Phone 8 8 9 - 5 7 8 7  

ANALYTICAL and RESEARCI-t LABORATORIES 

A S S A Y E R S  - C H E M I S T S  - M E T A L L U R G I S T S  
T U C S O N ,  A R I Z O N A  8s714 

] N C .  DATI~ A p r  ~ ] [ 9 ,  ] 9 ,78  

S A M P L E  M A R K E D  

LT~I- 2 .[ 

22 

23 

24 

G O L D  

O Z / T O N  
5 1 L V [ R  

OZ./TON t , ' ]  ' 

P .  e E . T  P c R c ~ . r  P ~ . C E ~ T  ~ R e ~ . T  I . . c ~ . ,  

c o . , a  L~.D zZ~ S . . . .  __L.mO__L',soE.u.! ,.oN 

0 . 0 1  ~- 0 .02  

0.02 

0.01. 

O.Ot 

4 
I 
I 0 . 0 3  

0 . 0 3  

0.03 

27 0.01 0.02 

28 0.01 0.01 

29 , 0 .01  O.Ol 

0 . 0 1  

0 . 0 1  

0 . 0 i  

30 0 . 0 i  

31 

LTM- ~ 2 

O. Ol 

0.01 

.0005 

.()01.2 

• 0005 

.0010 

.0008 

.0009 

.OOl~ 

.0003 

.0009 

.00,)5 

+_._.._ . . . . . . .  

i 

t 

J 

~" t 

I , 

J I 

] 

. . . . . . . . . . . .  I . . . . . . . . . . . . . .  --~ t 

• ! ~ I [ f , / ~  ' 

I n v , ,  [ce  /-' 15741. 



3.1.11 l i ; i , i l  M i l l . . i  f i l l ( i l l (  • 889-5787 

A~It';RI(:AN AN,t I ,Y ' I ' I ( ; . i I ,  an(l I(I'/SI'~AI((;H I_,ABOItATORII:'S 

A S S A Y E R S  - C H E M I S T S  - M E T A L L U R G I S T S  

T U C S O N .  A R I Z O N A  8 5 7 1 4  

S A M P L E  S U B M I T T E D  B Y _  A ~ ' A l ' C t ' z  I N C .  DATE .~[__~y_ 4, 1.978 

SA    ', RKEO I OOLO I PE'CE"T I  E.C .T P RC NT    OE.TI  E"OE"T 
OZ [ I O N  OZ 'TON , C;OPPER , LEAD ZINC MOLYBDENUM IRON 

{ 5 LTM-40  i T r a c e  0 ~1 0 . 0 1  T r a c e  . 0 0 0 l  

1 t ! I 
LT?4-~ ! i "['zra co  0.0..l  : 0 . 0 1  0 . 0 J  I . 0 0 0 ] .  

i . . . .  

! 
LTM-A 2 ~ ,OO3 O. 8 l,., I 

LT}I-43 i l" ra ae O. 0 3 ,l 

i i 
LT.~!-.', 4 ! ! 

LTM-45 

# r LTM-,~ o 

I.TM- 4 7 

LTM-4 8 

,004. 0 9 

.002 0, 6 

,003 0.92 

. 006  0.38 

• ! 

o. o 2 _ i _ _ o .  ol 

r LTbl-49 I .005 0.23 0.03 0.02 .0010 

- !' I _TM-50 ! , 0 0 3  0 , 1 8  0 , 0 1  0 . 0 9  ,0091.  
J 

I. L LTM-51 ! .004 0.33 0.20 ___2-80 , .0154 

i 
i- "i 

I 

I 

I. 

1-I ,..00 04A.qC E£ $ . . . . . . . . . . . . .  

.0014 

' | - '  ° ; . 

\ | ..t ,.I /" _? , 
. . . . . . . . . . . .  ~ . . . . . . . . . . . . . . .  i - '  . . . . . . . . . . . . . . . . . . . . . . . . . . .  -~"  -_f _ . . .ZL. .Y .  

I ' :1  " - J l  ] I i . I I - " / L / , l ;  
• _ ............. J . . . . . . . . . . . . . . . . . . . . . . . . .  J . . _ - -  . . . .  ~.'3..z--..+ - d - - - - - - ~  

. . . .  • . .  ; ~ ' v ¥ - f i % . . t ,  , ; ~  r 



S K Y L I N E  L A B S ,  I N C .  
P.O. Box 50106 = 1700 West Grant Road 
Tucson, Arizona 85703 
(602) 622-4836 

. . .  

Charles E. Thompson 
Arizone Registered A$||yer No. 9427 

William L. Lehmbeck 
All/one Regittered Assayer No. 9425 

James A. Martin 
Arizona RegisterN Asseyer NO. 11122 

C E R T I F I C A T E  O F  A N A L Y S I S  

ITEM 
NO. 

1 
2 
3 
4 

SAMPLE IDENTIF ICATION 

LTM- 4 3 
46 
50 
1 

19 
II 
9 

LTM-29 

Au As 
ppm ppm 

20 
4O 

ll0 
<0.021 30 

<0.02 40 
<0.02 i0 
<0.02 20 
<0.02 i0 

ASARCO, INCORPORATED 
Southwestern Exploration Divis]on 
P. O. Box 5747 
Tucson, Arizona 85703 
Attn.: P. G. Vikre 

I REMARKS: 

Trace analysis 

CERTIFIED BY: 

DATE COMPL.: l JOB NUMBER: DATE REC'D: 

~/1 "//7R TAJ 014 



SKYLINE tABS, INC. 
SPECIALISTS IN EXPLORATION GEOCHEMISTRY 
12090 WEST 50TH PLACE • WHEAT RIDGE, COLf)RADO 80033 • TEL.: (303) 424-7718 

REPORT OF SPECTROGRAPHIC ANALYSIS 

Job No. DCS006 
May 19, 1978 

ASARCO, Inc. 
Attention: P. G. Vikre 
1150 North 7th Avenue 
P.O. Box 5747 
Tucson, Arizona 85703 

The attached pages comprise this report of analysis. 
Values are reported in parts per million (ppm), except 
where otherwise noted, to the nearest number in the series 
i, 1.5, 2, 3, 5, 7, 10, etc. within each order of magni- 
tude. These numbers represent the approximate boundaries 
and midpoints of arbitrary ranges of concentration differ- 
ing by the cube root of ten. The "accepted" value for each 
element is considered to be within + 1 step of the range 
reported at the 68 percent confidence level and within ~ 2 
steps at the 95 percent confidence level. 
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UUS 006 
PAU~ 1 

ITEM NO. ~AMPLE 
1 = LTM-12 
2 = LTM-20 
3 = LTM-31 
4 = L]M-46 
5 = LTM-51 

NU. 

ITEM I 2 3 4 5 

ELEMENT 
Fe 2% 3% 
Ca 0.03% 7% 
Ms 0.07% 3% 

1.5% 3% I0% 
0.07% 0.02% O. Ob% 
0.1% 0.02% O. 03% 

As <1 <1 <1 1.5 5 
As <500 <500 <500 <500 3000 
B 10 10 <10 <10 20 
Ba 500 10 150 <10 >10000 

Be <2 <2 <2 <2 <2 
Bi < I0  <10 < I0  < I0  I0  
Cd <50 <50 <50 i 5 0  <DO 
Co <5 10 <5 <5 <5 

Cr . 50 20 30 150 2~0 
Cu 20 10 20 70 1500 
Ga 10 <10 IO <10 <10 
Oe <20 <20 <20 <20 <20 

La 50 20 50 <20 <20 
Mn 20 1000 100 200 5000 
Mo <2 <2 <2 7 200 
Nb <20 <20 <20 <20 <20 

Ni <5 50 5 15 20 
Pb 10 50 20 <10 10000 
Sb <I00 <100 < i00  <I00 500 
5o <10 <I0 <10 <10 <I0 

Sn <10 <10 <10 <10 <10 
Sr 200 200 300 100 700 
T i  2000 500 2000 200 bO 
V 70 30 50 20 300 

W <50 <50 
Y <10 <10 
Zn <200 200 
Zr 70 <20 

<50 <50 <50 
<10 <I0 10 

<200 -'1200 > 10000 

~ha-r l es e. P 

SKYLINE LABS, INC. I Chief Chemist 

SPECIALISTS IN EXPLORATION GEOCHEMISTRY 
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G E O P H Y S I ~ _ A _ L  O F F I C E  - E X P L O ~ A T I O N  D E P A ~ T ~ V H S N T  

Salt Lake City, Utah 

Tb.S, 

May 16, 1980 A~2~. 

~., ux.~-<,. ~...,' /~ °e R~'c~.~v~ o 
~w, ~ d  . MAy ~ 9 l ~  

- - . ,  ~.,~ & if. 

Mr. F. T. Graybeal 
Tucson Office 

Dear Fred: 

The anomaly outlined in red on the enclosed map is a 
1200 gamma low. This is about I0 times what would be ex- 
pected to occur from the magnetic high to the south. The only/ 
explanation I can think of is that a large amount of magnetite 
was emplaced here during a reversal in the magnetic poles. 
Possibly skarn or intrusive with lots of magnetite. It appears 
to fall completely in a pediment area. 

JI~M: am 
Eric o 

Yours ~y truly, 

- - - : - - -  ,~ " -~. • ~ -  ,~vo  . , d ~ ,  ~ - ~ ' ~ ' i ~ d  "J~--zx ( ?  ~ ~ ~" 
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