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James Doyle Sell Mining Collection 

ACCESS STATEMENT 

These digitized collections are accessible for purposes of education and research. We 
have indicated what we know about copyright and rights of privacy, publicity, or 
trademark. Due to the nature of archival collections, we are not always able to identify 
this information. We are eager to hear from any rights owners, so that we may obtain 
accurate information. Upon request, we will remove material from public view while we 
address a rights issue. 

CONSTRAINTS STATEMENT 

The Arizona Geological Survey does not claim to control all rights for all materials in its 
collection. These rights include, but are not limited to: copyright, privacy rights, and 
cultural protection rights. The User hereby assumes all responsibility for obtaining any 
rights to use the material in excess of “fair use.” 

The Survey makes no intellectual property claims to the products created by individual 
authors in the manuscript collections, except when the author deeded those rights to the 
Survey or when those authors were employed by the State of Arizona and created 
intellectual products as a function of their official duties. The Survey does maintain 
property rights to the physical and digital representations of the works. 

QUALITY STATEMENT 

The Arizona Geological Survey is not responsible for the accuracy of the records, 
information, or opinions that may be contained in the files. The Survey collects, catalogs, 
and archives data on mineral properties regardless of its views of the veracity or 
accuracy of those data. 

 

CONTACT INFORMATION 
Mining Records Curator 

Arizona Geological Survey 
416 W. Congress St., Suite 100 

Tucson, Arizona 85701 
520-770-3500 

http://www.azgs.az.gov 
inquiries@azgs.az.gov 
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RECEIVED 

DEC 4 1978 

~PLORA[iD~I DEPAR~[NT 

FREEPORT EXPLORATION COMPANY • SECURITY NATIONAL BANK BUILDING, RENO 

ADDRESS CORRESPONDENCE P. O. BOX 1911 

RENO, NEVADA 89505 
DOUGLAS R, COOK 702-323-2251 

Preslden~ TELEX: 910-395-7008 

December i, 1978 

Mr. John T. Cumberlidge 
Chief Geologist 
The Hanna Mining Company 
i00 Erieview Plaza 
Cleveland, Ohio 44114 

Dear John : 

Enclosed h6rewith are four copies of the Letter Agreement and 
Confidentiality Agreement pertaining to the Santa Cruz - Casa Grande West 
Drill Hole Trade signed by Tom Osborne and me. Kindly sign all four 
copies of the Agreements and forward them to Sig Muessig for signature 
and distribution to each party. Once the Agreements are signed Tom and 
I suggest that our respective Tucson staffs get together with your Tucson 
people to arrange details. 

Sincerely yours, 

DRC:tw 

Enclosures 

CC : T. C. Osborne (w/encs~) 
W. Kurtz (w/encs.) I 
B. T. Walsham (w/encs.) 
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CONFIDENTIALITY AGREEMENT 

FREEPORT COPPER COMPANY, a Delaware corporation, and ASARCO SANTA 
CRUZ, INC., a Delaware corporation (hereinafter referred to together as 
"FREEPORT-ASARCO" or a "party") and CASA GRANDE MINING C~MPANY, a Delaware 
corporation, and GETTY OIL COMPANY, a Delaware corporation (hereinafter 
referred to together as"CASA-GETTY" or a "party") have conducted mineral 
exploration programs on certain lands (the "Properties") located near Casa 
Grande, Arizona, as outlined in red on the map attached hereto as Annex A. 
FREEPORT-ASARCO and CASA-GETTY propose at no cost or expense to the dis- 
closing party to make available to each other from time to time over a 
period to end December 31, 1988, all assay and core recovery data, of a 
factual and not interpretive nature, and to permit each other to examine 
all drill core, related to such parties' exploration activities on the 
Properties. All such factual data has been or will be marked as "confi- 
dential" and is, together with such drill core, herein referred to as 
"Confidential Information." It is understood that the term Confidential 
Information does not include, and this Agreement does not apply to, any 
information that is printed or published or otherwise known to the public 
or that is known to the party to which it is disclosed at the time of dis- 
closure as evidenced by written records made available to the disclosing 

party. 

In mutual consideration of the disclosure by such parties to each 
other of Confidential Information, both parties hereto agree as follows: 

(1) The parties will not reveal any Confidential Information of the 

other party to any third person provided, however, that a party may reveal 
such Confidential Information to (a) any person, firm or corporation with 
which such party is carrying on bona fide negotiations for the assignment, 
sale or other transfer of such party's interest in the Properties, and (b) 
to a party's officers, directors and employees, to its subsidiaries and 
affiliates and to their respective officers, directors and employees, but, 
in every case, only if such persons are directly involved in evaluating 
such Confidential Information for the purpose of aiding such party in its 
geological interpretation of mineralization within the Properties. Officers, 
directors and employees of either party, its subsidiaries and its affiliates 

are herein called "Employees." 

(2) subject to Paragraph (I) abovev the parties will keep, and will 
cause all persons to whom the Confidential Information is disclosed to keep, 
all Confidential Information of the other party strictly secret and confi- 

dential. 

(3) The parties will not make use of, and will not permit any of 
their subsidiaries, affiliates or Employees to make use of, any of such 
Confidential Information except for the purposes referred to in Paragraph 

(i) above. 

(4) The parties will restrict access to such Confidential Information 

to only those subsidiaries, affiliates and Employees who require such access 

for the purposes referred to in Paragraph (i) above. 



(5) All employees of a disclosing party who shall have access to 
Confidential Information of such party shall be excluded from working for 
the other party, or for any of its subsidiaries or affiliates within the 
Properties or within a zone five (5) miles in width adjoining the boun- 
daries of such Properties, for a period of five (5) years from the date 
of this Agreement unless the party who employs such person shall otherwise 

consent in writing. 

Each party's obligations under Paragraph (i) through (4) above shall 
terminate at the end of ten (i0) years from the date of this Agreement. 

It is further understood that no right or obligation of any kind 
except as herein stated is granted to or acquired by, or assumed by or may 
be implied against either party hereto unless and until a subsequent formal 
written agreement has been entered into by the parties, at which point the 
mutual obligations of the parties to each other shall be only as expressed 

in said formal written agreement. 

The parties hereto make no warranty or representation of any nature 
with respect to any confidential Information or the accuracy thereof or with 
respect to any other information or data supplied to the other party, and 
no warranty Or representation with respect thereto shall be implied. 

This Agreement may not be assigned or modified, nor may any provision 
hereof be waived, except by an instrument in writing signed by both parties 

hereto. 

This Agreement shall be construed in accordance with and shall be 
governed by the laws of the State of Arizona except that such laws shall 
not govern the rules relating to the choice or conflict of laws. 

The date of this Agreement is December i, 1978. 

FREEPORT COPPER COMPANY 

ASARCO SANTA CRUZ, INC. 

CASA GRANDE MINING COMPANY 

By 

GETTY OIL COMPANY 

By 
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b ASARCO SANTA CRUZ INC. 

FREEPORT COPPER COMPANY 

~. Siegfried Muessig 

~ etty Oil Company 
810 Wilshire Blvd. 

Los Angeles, California 90010 

~.~. John T. Cumberlidge 
The Hanna Mining Company 
100 Erieview Plaza 
Cleveland, Ohio 44114 

Dear Sirs: 

Freeport Copper Company and Asarco Santa Cruz Inc. (hereinafter called "Freeport- 
Asarco") propose that Casa Grande Copper Company and Getty Oil Company (herein- 
after called "Casa-Getty") exchange with Freeport-Asarco all assa- and core re- 
c qozAery data and drill collar coord~.nates for all surface exploration hol~lled 
by Casa-Getty and Freeport-Asarco withi-----~the area (hereinafter called "exchange 
area") outlined in red on the enclosed map attached hereto as Annex A. Further, 
Freeport-Asarco proposes that Casa-Getty and Freeport-Asarco permit at mutually 
agreeable reasonable times the mutual examination of each other's drill cores 
from the holes for which it is proposed to exchange assay and core recovery data. 
The proposed exchange of data and the mutual examinations are to be at no cost and 
expense to the disclosing party and are intended to cover not only exploration 
holes drilled to date within the exchange area, but also from time to time until 
December 31, 1988 the exchange of data and mutual examination of drill cores from 

~d loration holes as they are drilled within the exchange area by both Casa-Getty 
Asarco-Freeport. 

If you agree to this proposed exchange, kindly sign all four copies of this 
letter in the space provided below and execute all four copies of the attached 
confidentiality agreement, keeping two copies for Casa-Getty and returning two 
signed copies to Freeport-Asarco. 

Very truly yours, 

ASARCO SANTA CRUZ IlqC. 

T. C. Osborne 

ACCEPTED: 

GETTY OiL CO~,~ANY 

By 

FREEPORT COPPER COMPANY 

~ / " ~ - D .  R. Cook 

CASA GRANDE COPP~ COMPANY 

By 



Southwestern ExplOration Division 

February 2, 1979 

FILE MEMORANDUM 

Hanna-Getty Data Exchange 

Asarco-Freeport traded data according to the Exchange Agreement with 
Hanna-Getty on Thursday, February 1. Hanna-Getty had misunderstood the 
Exchange Agreement and had planned to exchange geologic logs as well as the 
other information mentioned in the agreement. This misunderstanding was 
corrected and the exchange was made as stated in the agreement. Current 
plans are to move Asarco-Freeport core for holes in the exchange area to 
the Hanna-Getty warehouse where they plan to log them in detail over the 
next few months. This wi l l  eliminate the problem of Hanna-Getty working 
in our core shack where holes in Peripheral Lands are also stored. 
Included in our data were assays for hole SC-18 which actually lies 15' 
outside the area of exchange and Hanna-Getty similarly included several 
holes close to but outside the area of exchange. 

We plan to start moving Asarco-Freeport core by February 6 or 7 and 
anticipate that logging by Messrs. Kreis and Sell wi ] l  commence before the 
middle of February. Asarco-Freeport logging wi l l  be done by H. G. Kreis 
and J. D. Sell at the Hanna-Getty warehouse. I n i t i a l l y  we plan to scan 
br ie f ly  al l  their holes within 500' of the jo int  boundary and other holes 
scattered throughout the deposit to the extent that we wi l l  be able to 
draw cross sections which would provide guidance for possible dr i l l i ng  
during the second half of 1979. It is possible that additional data may 
also be exchanged, particularly down-the-hole deviation surveys, thin 
sections, and possibly other factual information of this type. 

F. T. Graybeal ' ~  

FTG:lb 

cc: WLKurtz ~. 
JDSell ~/ 
HGKreis 
BTWalsham 
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Southwestern Exploration Division 

December 14, 1977 

TO: F.T. Graybeal 

FROM: P. G. Vikre 

o 

Mafic Breccia 
Santa Cruz Project 

Below is a tentative outline for study of the mafic breccia encountered 
in holes SC-37, SC-39, and SC-48. Megascopic, and to an extent micro- 
scopic, observations will be integrated under A. 

A. Petrology 
I. Description of clasts (may be in the form of a chart)- 

a. Rock type 
b. Relative abundance 
c. Size, shape, etc. 

2. Description of matrix 
a. Ist generation matrix 
b. 2nd generation matrix 
c. Varying matrix/clast 

3. Alteration 
a. Clasts 
b. Ma t r i x  

4. M i n e r a l i z a t i o n  
a. Assemblages in c las ts  
b. Assemblages in ma t r i x  

B. S t ruc tu re  
c. Proposed t e c t o n i c  h i s t o r y  - a,.a,,~ ~ ~ , ~  ,,4 4~ 

APPENDIX Hole summaries 

P. G. Vikre  

PGV:lb 

.W 
/ 

/ FT-  

o¢ 

I~f,./7~ 



 moo Southwestern Exploration Division 

June 21, 1976 

TO: W.L. Kurtz 

FROM: F. T. Graybeal 

Struct'ural Reinterpretation of 
Santa Cruz Project -- The Lands 
Pinal County, Arizona 

Attached please find a report by J. D. Sell titled "A Structural and 
Related Mineral Reinterpretation of the Santa Cruz Horst Block". This 
study was initiated last Fall by Mr. Sell, H. G. Kreis, and R. B. Cummings 
with the objective being to clarify certain aspects of the Santa Cruz 
geology. Mr. Sell concludes that the primary geologic control in this 
area is a northeast-striking structural zone of Precambrian ancestry. He 
suggests this zone, originally vertically dipping, has been tilted and 
offset by northwest-striking faults. Several exploration targets 
peripheral to areas of past drilling are suggested, including one on the 
Griesbach property, just recently acquired by the Asarco-Freeport joint 
venture. 

Mr. Sell has done an excellent job of compiling an incomplete data 
base, about which there is still disagreement. His conclusions should be 
of use during 1977 exploration of this area and also of use in our on- 
going exploration of the Casa Grande region. 

I 

F. T. Graybeal ~ t  

FTG:Ib 
Art. 

cc: TCOsborne -w/art. / 
dDSell - w/o att.J 
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Southwestern Exploration Division 

May 12, 1976 

TO: F.T. Graybeal 

FROM: d. D. Sell 

Santa Cruz Project Studies 
Pinal County, Arizona 

Attached is my report: A Structural and Related Mineral Reinterpretation 
of the Santa Cruz Horst Block. 

The study was undertaken with H. G. Kreis, Santa Cruz Project Geologist, 
and R. B. Cummings, Resident Geologist-Sacaton. Both contributed numerous 
ideas and comments and have reviewed the draft of this report. 

jS James o. Sell 

JDS:Ib 
Att. 

cc: HGKreis 
RBCummings 



A STRUCTURAL AND RELATED MINERAL REINTERPRETATION 
OF THE SANTA CRUZ HORST BLOCK 

Summary 

Interpretation of the relogging of the core and rotary samples during the 
Santa Cruz Studies has suggested to Sell that in the horst block area the 
quartz monzonrte porphyry intrusive was emplaced along an older structural 

zone. 

The zone, here named the SC zone, is characterized by the abundance of thin 
diabase dikes cutting slices of Precambrian granite with thin breccia zones 
and faulting as subparallel planar structures. In Precambrian time, the 
zone of weakness was probably a near vertical feature but has since been 
invo]ved in rotational, tilting movement. The axis of rotational movement 
was subparallel to the present strike trend of the zone. The SC zone 
presently strikes in a general N60°E direction and dips around 40 ° north- 
westerly~ ;.~t is expressed between holes SC-18 on the northeast to SC-20 
on the southwest, a distance of over 4000 feet. It is probably offset 
2000 ft. to the south between holes SC-20 and SC-12 by the Westside fault 
which strikes N30°-35°W and dips 45 ° southwesterly. The SC zone is suggested 
to pass through hole SC-4 and continue further to the southwest. 

In Laramide time the SC zone was the site of renewed movement along the 
faults, and a part of the tilting probably occurred at this time. Dikes of 
various porphyry rocks and thicker masses of quartz monzonite porphyry, as 
well as breccia masses, were emplaced along the zone and principally in the 
hanging Wall of the Precambrian SC zone. The dikes and masses are again 
mainly subparallel to the planar fabric established during the Precambrian 
events. In the footwall of the SC zone, Precambrian granite is found high 
and to the west where it is quite massive, although cut by a few diabase dikes 
which generally have intrusive contacts. Easterly and at depth in the foot- 
wall of the SC zone is the Laramide quartz monzonite porphyry. The porphyry 
was in part guided into its emplacement by the SC zone and, although crushed 
and faulted at the boundary, is most often a massive unit below the SC zone. 

The SC zone, on its northwesterly or hanging wall side, is the site for 
extensive faulting, brecciation, and fluidization of various Precambrian 
granite and Laramide quartz feldspar porphyry, hornblende porphyry, and 
various quartz monzonite porphyry units which generally show a preference 
for steeper contacts. The fluidized zones generally do not mix rock types 
and exhibit all degrees of fluldization and brecciation within the units. 
Diabase, in general, was not found with a fluidized texture, although in 
SC-22 a mixed zone of quartz monzonite porphyry and granite had a minor 
amount of "dark volcanic" and recognizable diabase inclusions. 

The zone of massive fluidization and brecciation is noted in holes SC-14, 
18, 19, 22, and 24. Outside the zone are numerous zones of narrow fluid- 
ization and "internally disintegrated" rock. These narrow zones are found 
both in the hanging wall granite and in the footwall granite and quartz 
monzonite porphyry. 
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The Santa Cruz horst is bounded on the east by the Eastside fault. This 
structure strikes N20°-25°W and dips 45 ° northeasterly. Little data is 
available east of the fault, but it appears to offset the SC zone and the 
extensive fluidized zone to the north for an unknown distance. As noted, 
the fluidized and brecciated zone, as exemplified in SC-18 and interpreted 
for SC-14, is cut by the Eastside fault. The northward offset may amount 
to around 2000-2500 feet of dominant strike-slip movement. The SC zone 
continues to the northeast between holes SC-21 and SC-23. No extensive 
fluidization features were noted in either SC-21 or SC-23, but the change 
from Precambrian granite on the north in SC-23 to Laramide monzonite on the 
south in SC-21 is the same type of change as found across the top part of 
SC-22 over to SC-24 (allowing for the difference in elevation of the 
monzonite mass). 

Coincident with the extensive flu idized and brecciated zone is the occurrence 
of higher values of molybdenum contouring outward from hole SC-24 and a 
higher center of primary copper grades contouring outward from holes SC-18 
and SC-24. Undoubtedly the original grade within this zone was responsible 
for the better development of a chalcocite blanket, which was subsequently 
modified and converted into the "copper oxide" blankets as presently known. 

In the Santa Cruz horst area the massive quartz monzonrte porphyry is known 
to extend up to an elevation of minus 420 feet below sea level on the foot- 
wall side of the SC zone. On the hanging wall side, dike-type units of 
similar quartz monzonite porphyry were first encountered at an elevation of 
minus 870 feet below sea level. Precambrian granite is known to extend to a 
depth of minus I169 feet below sea level on the hanging wall side. 

The various dikes and masses of hornblende porphyry, hornblende feldspar 
porphyry, quartz feldspar porphyry, grey quartz monzonite porphyry, black 
quartz monzonite porphyry, and various textures of quartz monzonite porphyry 
found in the hanging wall of the SC zone probably reflect a monzonitic source 
area at depth. The occurrence of massive quartz monzonite porphyry at a 
higher level in the footwall of the SC zone is probably the result of a) a 
higher level of intrusion of the monzonite mass along the weak zone 
exemplified by the diabase and faulting in the Precambrian granite, and b) 
some faulting along the contact which downdropped and tilted the hanging 
wall units both before and after the influx of the Laramide fluidization and 
brecci at ion event. 

The area of fluidization, brecciation, and mineralization around holes SC-18 
and SC-24 is regarded as a center of activity, A second center of mineral- 
ization is suggested in the vicinity of hole SC-4 where fluidization, better 
alteration, and higher molybdenum values are noted. Hole SC-23 to the 
northeast is regarded as a third area of contrasting alteration-mineralization- 
tec ton ic  style. 

In t roduct ion 

The location-plan map of the Santa Cruz project is shown in Figure l 
(modified from HGK Fig. l). In September of last year, a relogging- 
reevaluation of the project dril| results was initiated by Kreis, Cummings, 
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and Sell. The main emphasis of study was the Santa Cruz horst block, the 
area of major drilling and significant results, centered around drill holes 
SC-22, -19, and-24. 

Many thoughts were expressed and discussed by all involved. This report was 
written by Sell and has been reviewed by Kreis and Cummings. Neither Kreis 
nor Cummings agrees with portions of the text, and it was not feasible to 
clarify these differences at this time. Kreis-wil] incorporate his comments 
in a forthcoming comprehensive report, and Cummings wrll submit a separate 
memo comparing features of the Sacaton and Santa Cruz areas. The study 
ended with drill hole SC-24, and no review of the subsequent holes, presently 
being drilled, has been made. 

Faulting 

Logging and constraints have suggested a number of fault structures in the 
horst block area (Fig. 2). Basically interpreted is an older Precambrian 
fault trend, here named the SC zone, which strikes N60°E and lJresently dips 
40 ° northwesterly. The SC zone horst block is cut, downdropped, and laterally 
translated by three major structures: I) the westside fault, which strikes 
N30°-35°W and dips 45 ° southwesterly and offsets the SC zone some 2000 feet 
to the south mainly by strike-slip movement; 2) the eastside fault, which 
strikes N20°-25°W and dips 45 ° northeasterly, offsets the SC zone to the north 
an unknown distance but probably between 2000 and 2500 feet, also by strike- 
slip movement; and 3) the southside fault, which is interpreted to cut the 
westside and eastside structures, strikes N55°-60°E and dips steeply to the 
southeast. The southside fault may be a series of structures which cumula- 
tive|y downdrop the south side of the horst block in excess of three thousand 
feet. A fourth fault structure was cut in hole SC-21 and is interpreted to 
terminate at the eastside fault while striking N60°E and dipping 50 ° south- 
easterly. This structure is based on one hole intercept and true strike 
direction is unknown. 

Present drill hole data and three point resolutions do not permit the 
precise determination of the fault directions and dips. It is known that 
variations exFst and the above figures reflect the general trends of the 
structures. 

SC Zone 

The SC zone is a totally complex structural-intrusive zone extending from 
Precambrian thru post-Laramide time. 

A cross-section of the SC zone has been constructed through drill holes 
SC-22, -19, and -24. Figure 3 shows the SC structure as a fault (colored 
blue) with massive granite and quartz monzonite porphyry below on the foot- 
wall side. Minor crushing and shearing with gouge development are also noted 
along the fault structure and somewhat below. Several gently dipping diabase 
dikes and one steeper fluidized granite structure are also shown in the foot- 
wall block. This massive characteristic is sharply changed across the fault 
structure and in the hanging wall side of the fault a complex intrusive 
sequence of granite, diabase, and various porphyries, a|l highly fractured, 
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brecciated, and fluidized to various degrees and involvement, is found to" 
extend some distance away from the fault at the base of the sequence. In the 
upper part of drill hole SC-19 and the bottom of hole SC-22 are found 
"internally crushed" granite masses cut by diabase and quartz monzonite 
porphyry dikes dipping at moderate angles. In hole SC-22, the majority of 
the hole contains highly brecciated and fluidized units of granite and 
various porphyries. The top of the brecciated and fluidized group is 
marked by a strong fault containing gouge and breccia, and above the fault 
is massive, weakly shattered granite. The entire zone of brecciated and 
fluidized units is called the SC zone. 

The events leading up to this complex picture are as follows: During 
Precambrian time, large masses of granite were emplaced in central Arizona 
generally in contact with Pinal Schist. The Santa Cruz area appears to be 
within the granitic mass and the earliest SC zone was characterized by 
shearing and breakage along the N60°E trend. Part of the zone of weakness 
was utilized by the emplacement of thin, planar, intrusive diabase dikes having 
chilled borders. Although no age dates are available from the Santa Cruz area, 
I believe the diabase is Precambrian in age as expressed by Balla (1972) in 
the Sacaton area. Further, I feel the diabase was initially injected as near 
vertical dikes and their present attitude reflects later tilting of the 
blocks. 

Figures 4 and 5 are plan maps of the minus 500-foot elevation below sea level 
and minus 1000-foot elevation below sea level, respectively, in the area of 
study. On the northwest side of the SC structure, as noted in Figures 3, 
4, and 5, thin diabase dikes were encountered in nearly each hole in the area. 
A profusion of slips, faults, and crushed zones is also apparent which appears 
to belong to the Precambrian fracture system and again mainly in the northwest 
or hanging wall of the SC structure. In the southeast or fbotwall of the SC 
structure, the Precambrian granite is essentially a massive, unbroken unit 
with two discrete diabase dike intercepts in hole SC-24. It is realized that 
the sparsity of drill intercepts into the footwall area of the SC zone does 
not permit a clarified p~cture, but there seems little doubt that the hanging 
wall side of the SC structure, as now known, was the site of multiple diabase 
dikes and much more abundant fracturing and faulting. 

In Laramide time a mass of quartz monzonite porphyry was emplaced, and it 
appears to be guided by part of the older SC zone. As presently known in the 
southeast or footwall side, massive quartz monzonite porphyry was intruded 
to a fairly high level in the vicinity of holes SC-14, -16, and -18, and 
several discrete black quartz monzonite porphyry and black feldspar porphyry 
dikes were empiaced in the Precambrian granite further west. In the hanging 
wall side of the SC structure, numerous thin zones of quartz monzonite porphyry 
with a number of textural variations were emplaced in the sheared granitic 
terrain. Also in the hanging wall side, extensive brecciation and fluidization 
of Precambrian granite and Laramide quartz monzonite porphyry were involved. 
The fluidization exhibits all degrees of intensities and involvement, but 
in general Fs restricted to single units and, although granite and quartz 
monzonite porphyry may alternate in relatively thin apparently planar slices 
and each is fluidized, the fluidizati~n generally did not mix rock types. 
Although the diabase is assigned to the Precambrian and the fluidization as 
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a Laramide event, diabase was rarely found to exhibit fluidization features 
except very locally along contacts. Post-fluidization fracturing and faulting 
are common features and occur within the expanded fluidized SC zone. 
Apparently late hornblende porphyry, quartz feldspar porphyry, and various 
darker quartz monzonite porphyries were emplaced late in the fluidization 
sequence. Much of the fluidized and late diking appear to favor steeper 
structural zones than the diabase and more planar quartz monzonite porphyry 
zones and may represent continued rotational adjustment along the SC zone. 

In the footwall side of the SC structure, rare fluidization was noted. A 
fluidized quartz monzonite porphyry dike was noted in drill hole SC-4 while 
a small fluidized structure of Precambrian granite was found in hole SC-24. 

Figure 6 separates the non-brecciated, brecciated, and fluidized granite and 
porphyries. Drill hole SC=22 was terminated between the two intrusive complex 
groups, and no data is available in other holes to confirm the depth configura- 
tion of the intrusive complex. Figure 6 also indicates the probable continuing 
tilting and rotational movement of the Santa Cruz Horst block with the passage 
of time. Assuming a near vertical zone during the emplacement of the diabase, 
then each succeeding event was accompanied by rotational movement, so that 
the diabase presently has a flatter attitude than does the monzonite, followed 
by the fluiding event and culminating in the late hornblende feldspar 
porphyry dikes which cut the fluidized zones at a generally steeper angle. 

Mineralization 

Mineralization within the Santa Cruz system as presently known can be divided 
into four groups: l) primary sulfides of pyrite and chalcopyrite; 2) a 
chalcocite zone, often partially leached; 3) a first remnant chalcocite with 
pyrite zone, often highly leached; and 4) the "oxide copper" zone of 
chrysocolla, brochantite, and atacamite. 

Figure 7 is the cross-section of holes SC-22, -19, and -24 with the above 
four zones as intercepted. Hole SC-22 did not intercept any oxide copper 
but found a remnant leached chalcocite-pyrite zone and, further in depth, a 
leached chalcocite zone before terminating in partially leached primary 
pyrite-chalcopyrite. Hole SC-19 intercepted three distinct oxide copper 
zones, then a highly leached zone with sparse remnant chalcocite containing 
an oxide copper band at its base, then a leached chalcocite zone terminating 
at a fault (the SC fault) where unleached pyrite-chalcopyrite was encountered 
to the terminated depth. Hole SC-24 also intercepted three oxide copper 
zones, then penetrated the SC fault, after which the hole went into highly 
leached remnant chalco,cite-pyrite, followed by a distinct chalcocite zone 
which bottomed in partially leached and chalcocite-enriched primary values, 
and terminated in primary pyrite-chalcopyrite values. 

Interpretation of this information would suggest a moderate dip to the top 
of the primary pyrite-chalcopyrite values, which are interpreted to be 
subparallel to the top of the chalcocite zone drawn between holes SC-22 and 
-19. Likewise, the line connecting the top of the first remnant chalcocite- 
pyrite zone is compatible to the lower two surfaces. In Figure 7, the dip 
assigned to hole SC=24 is determined by association and other control 
described below. 
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If the top of the chalcocite zone between holes SC-19 and SC-22 is taken to 
have formed at a near horizontal surface, then the present surface has been 
rotated to the increased slope. Note that if the surface is rotated back 
to near horizontal, then the late stage features found in hole SC-22 assume 
a near vertical emplacement trend. 

The oxide copper zones roughly fall at the same elevation but, as shown in 
Figure 7, appear to be somewhat irregular and are assigned a flattish dip 
and probably reflect redistribution to the present bedrock surface. Intra- 
spaced drilling of the oxide deposit will resolve this problem more fully. 

Figure 8 is a plan map showing interpreted structural contours .on the top 
of the oxide copper zone as penetrated in the present drilling. As contoured, 
the top of the zone is a rather sharp ridge which slopes away in three 
directions, and which appears to reflect the rock surface contours. A further 
modification is along the Eastside fault where volcanics and granite appear 
to be along the fault surface and have acted as a trap or sponge for the 

oxide copper values. 

The top of the first remnant chalcocite with pyrite can also be contoured 
and is shown on Figure 9. The contouring is separated into sectors based on 
the faulting and offsets, as well as hanging and footwall sectors of the SC 
zone. In the main area of the hanging wall sector, four control points are 
available and contouring suggests a slight bowing of the surface subparallel 
to the SC fault trace and dipping around 20 ° to the southeast. In the foot- 
wall of the SC fault two points are available, but hole SC-24 is in fault 
contact with the first remnant chalcocite-pyrite zone and hence the true 
thickness is unknown. The contours are drawn in the footwall based on the 
250-foot thickness in hole SC-13. However, as suggested in the hanging wall 
block, the thickness increases from west to east across the block, and if 
this is true in the footwall block then any increase in thickness would move 
the contours to the south, as shown by the "plus (+) marks, and the final 
configuration would be subparallel on both sides of the SC fault. Note that 
there is over 100 feet of displacement across the fault, with the hanging 
wall down in relation to the footwall. This is also reflected in the cross- 
section of Figure 7. 

Only one point is available in the block containing hole SC-4, but does 
exhibit the lateral strike-s|ip offset of contours from the adjacent blocks. 

The top of the chalcocite zone contours is shown in Figure lO. On the 
hanging wall side of the SC fault, three points afford some control and 
reflect a 25 ° southeast dipping surface subparallel to the SC fault. On 
the footwall side, only one clear data point is available, with constraints 
placed by the use of three additional points. The construction suggests 
the same subparallel strike direction, but the surface probably dips much 
shallower at around lO ° to the southeast. Pyrite was noted in the quartz 
n~onzonite porphylry at the bottom of hole SC-16. The depth does not conform 
to the contouring and is presently anomalous. The pyrite could reflect a 
part of the remnant chalcocite-pyrite zone but would again be at an elevation 
higher than the contourable data, or"more probably it reflects a non-leached 
and non-enriched area. Possibly other complicating fault structures are 
present and the would clarify the data. 
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Again, hole SC-4 is a single control point but emphasizes the offset 
feature. 

Figure II lists the elevation of the primary sulfides with comments in each 
hole of the Santa Cruz study area. As the various structures offset the top 
of the surface and few holes have contacts represented by the base of the 
chalcocite zone for reference, the data is not contoured. It should be 
noted, however, that holes SC-14, -18, and -19 all encountered unleached 
sulfides immediately below the SC fault. Also, hole SC-15 encountered primary 
sulfide at and in the basal structures of the Eastside fault (dipping 
easterly), while hole SC-21 entered primary sulfides below an interpreted 
south dipping fault. 

Centers of Intrusive Activity and Mineralization 

As exemplified on the plan maps of Figures 4 and 5, and the cross-section of 
Figures 3 and 6, the area containing holes SC-14, -18, -19, -22, and -24 is 
one of extensive brecciation and fluidization of Precambrian and Laramide 
units. Eastward the intrusive complex zone is cut and displaced by the 
Eastside fault, to the south it terminates against the SC fault, westward 
it apparently becomes narrower and less complicated, while to the north it 
terminates in a high angled fault zone against Precambrian granite. A center 
for the extensive fluidization would appear to be around the holes SC-14, 
-18, and -19 area and displaced on the east side. 

A massive quartz monzonite porphyry-granite contact occurs on the footwall 
side of the SC fault and had little fluidization and brecciation associated 
with the contact, as shown by the logging of the basal portions of holes 
SC-19 and SC-24. 

Interpretation of this feature suggests that the fluidization is a later 
event than tlme emplacement of the quartz monzonite porphyry and, although 
the fluidization source undoubtedly utilized the nearby granite-quartz 
monzonite porphyry contact on the northerly side of the porphyry mass, it is 
a manifestation of a deeper, later monzonite source and not a contact phenomenon. 

Scattered molybdenum values have been obtained from both the rotary and core 
drilling. Figure 12 plots the molybdenum values in units above the SC fault. 
A partial closure, with a high of plus 150 ppm, can be drawn in the vicinity 
of holes SC-18, -19, -22, and -24, the same area as the extensive brecciation 
and fluidization features. Another tighter closure of plus 100 ppm is 
suggested for the hole SC-4 area. A possible easterly axis is suggested for 
the larger closure. 

In the footwall of the SC fault, Figure 13, a closure is suggestive in the 
holes SC-18 and -24 area with less than lO0 ppm. Very low values are recorded 
in hole SC-4 area. Across the Eastside fault in hole SC-21, the progressive 
increase in molybdenum values at depth suggests either a new center or an 
offset continuation of the holes SC-18 and -24 closure. A more northeasterly 
axial trend is suggested subparallei to the SC structural zone. 
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Also shown on Figure 13 are the copper values found in the primary zone 
intercepted in the drill holes. These data, mainly in the footwall block 
of the SC fault, indicate the highest copper values are in the general high 
molybdenum area. 

Another type of mineral center is suggested in the overall distribution of 
the copper oxides. (Based on descriptive footage, may not be as clear based 
on weighted copper assay.) Figure 8 shows that holes SC-20 and -24 have 
chrysocolla as the oxide mineral, whereas hole SC-18 has predominantly 
chrysocolla with brochantite, while SC-19 has chrysocolla with antlerite. 
Further outside this grouping of holes, on the east, SC-14 and -16 show 
brochantite greater than antlerite, while to the southwest SC-13 shows 
antlerite predominantly over brochantite and chrysocolla. 

Chrysocolla is also the mineral type in the area of SC-4. 

The high copper oxide values (plus I%) in holes SC-16 and -18 occur in 
volcanic agglomerate mixed with granite breccia. A volcanic agglomerate 
dike is noted lower in hole SC-18 and was highly altered and also contained 
plus I% copper oxide values. Similar volcanic agglomerate and granite breccia 
were apparently intercepted in the rotary hole SC-15, and there the copper 
values were predominantly chalcocite. 

The role of the highly altered volcanic agglomerate as a site mineralization 
is open to question, but one thought is that the volcanic agglomerate was 
essentially emplaced along the Eastside fault line and available to the 
early enrichment cycle of migrated chalcocite. The chalcocite was later 
downdropped to the present level on the east, and the chalcocite on the up- 
thrown side was subsequently oxidized in place to form the oxide values as 
now known. 

Exploration T@r£ets 

The excellent alteration, leached capping, and chalcocite zone found in hole 
SC-23, a mile and one quarter northeast of hole SC-14, is a distinct and 
separate entity from the Santa Cruz horst area. The flat fault complications 
cannot be resolved with the single data point, and the thin interval of 
chalcopyrite intercepted just prior to the termination of the hole is a 
tantalizing feature. Additional drilling in this area should have the 
greatest priority. 

The concept of a Precambrian zone of weakness, which was the loci of an 
extensive zone of brecciation and fluidizatlon as well as the major zone of 
mineralization in the Laramide, can be used as a guide. As developed, a 
substantial portion of the zone in the horst area of SC-14 and SC-18 is 
probably offset along the Eastside fault and the offset is projected to pass 
north of hole SC-21 and south of hole SC-23. A hole or holes located north 
of SC-21 would probe for this fluidized zone in Target Area A. Positive 
results would clarify the mineral projection across a large block of 
presently noncontrolled ground. 
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The chalcocite in the Eastside fault zone volcanic agglomerate-granite breccia 
of hole SC-15 and the southside downdropping of the block south of SC-21 
suggest that a relatively thick chalcocite enriched area may be preserved 
east and south of the two holes and between the extension of the Southside 
fault, as in Target Area B. 

The preservation of chalcocite in the footwall of the SC zone in the area of 
hole SC-24 suggests a relatively thin and probably local amount of chalcocite 
would be preserved in a zone subparallel to the SC zone on the footwall side 

in Target Area C. 

On the hanging wall side, a substantial zone of oxide copper is probably 
preserved between hole SC-19 and the Eastside fault. The southern extent of 
the oxide zone is questionable south of holes SC-24 and SC-18 toward hole 
SC-16, A hole placed in the triangle out of the reach of either the Eastside 
or Southside faults would claify the picture in Target Area D. 

A deep primary zone is suggested to underlie the intensTve fluidized zone 
exemplified in holes SC-18 and -24. Fluid inclusions suggest these two holes 
have excellent characteristics for containing ore grade copper as chalcopyrite 
near the boiling interface. Reviewing Figures 3 and 6, it is probable that 
the loci of the fluidized central vent undoubtedly lies below the SC fault 
as shown, and at some point ruptured the zone and then partially used the 
zone as a structural control to expand upward, as the drilling has shown. 
The constraint placed by hole SC-14, which penetrated the SC fault and into 
massive quartz monzonite porphyry, suggests the test hole should be placed 
north of a line connecting holes SC-14 and SC-22 and possibly as much as 
500 feet north in Target Area E. Valueable information on this problem would 
have been gained by deepening hole SC-22 into and through the lower intrusive 

comp I ex. 

The Southside fault and its probably continued step-down system appears to be 
a strong basin controlling system. Present thought is that it is deep (plus 
2500 to 3000 feet) to the bedrock units at a short distance south of hole 
SC-16. The rock type is unknown, but it is likely Precambrian granite near 
the south contact of the main mass of quartz monzonite porphyry. As more 
information is gleaned as to the characteristic of the northern contact~ it 
may be justified in probing for and along the south contact. (Apparently 
hole SC-25, drilled after the preliminary draft of this report, intercepted 
unaltered Precambrian granite at a much shallower depth southwest of SC-16 
than would have been suggested by the foregoing interpretation Probing the 

south contact would be a much shallower target area.) 

James D° Sell 
May 1976 
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S. W. t/. S. EXPL. I)iY. 

Sacaton-Santa Cruz Prospects 
P_reliminary Geologic !4ap 

The preliminary geologic map (a~t.) of the subject area shows some form- 
ational groups not previously used in Company correspondence; the following 
co;~nents describe their salient features. 

Pre-Ore Rocks 

Pre-Cambrian Basement: 

Pinal Schist. Partly typical of the'quartz-sericite schist defined as 
Pinal in other ar---~eas. Also here includes banded injection gneiss, granite 
gneiss, and aplite. 

Granite. There are two types undivided on the map. One is "typical" 
coarse-grained granite with biotite similar to the Hineral Butte granite 
at Blackwater (Report, A. G. Blucher). A second type is coarse-grained, 
but with less biotite and with large pink feldspar phenocrysts. 

Pre-Cambrian and Paleozoic sediments: 

The Apache grou~ of shale and quartzite (Younger pre-Cambrian) is 
mapped undivided. 

Paleozoic sediments represent Bolsa quartzite and Devonian-Carboniferous 
limestone. Not separated during mapping. 

Laramide intrusives: 

The Laramide intrusive complex contains many more varieties than are 
shown; these have been grouped into four units, Cach of which comprises 
varieties similar in composition and relative age. 

D i o r i t e .  The e a r l i e s t  i n t r us i ve  and/or border phase of Laramide gran i te  
is r i ch  in b i o t i t e  and l o c a l l y  contains magnet i te.  

Coolidoe .granite.. Defined by Blucher (Report, Blackwater and Sacaton)° 
Equigranular  b i o t i t e  g ran i te  which is very un i fo rm in character .  The gra- 
n i t i c  rocks along the west edge of the map which extend from Highway ~4 
nor th  to the Palo Verde mountains may be pre-Cambrian, but they are most 
s i m i l a r  to Coolidge in appearance. A be t te r  c o r r e l a t i o n  of  these grani tes 
w i l l  be made when mapping is complete. 
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!licro qranite. This rock is like the Coolidge granite but is fine- 
grained. Included in ~he category for mapping purposes are pcsmatite, 
aplite, and alaskite--all in small bodies. 

Po_2#_phy~es__. A variety of porphyritic rocks ranging from mafic to 
acid, wiLh and without quartz, occur as dikes in the mounLain ranges. 
The only larger mass occurs beneath cover in the Sacaton Cu deposit, 
v.,here iL is altered to s ericiLe and clay. There, a monzonite and a da- 
cite have been recognized. The monzonite, in Lhe weakly altered fringe 
area, is seen to contain much biotite. 

Post-Ore Rocks 

.(!) Volcanics. 

The volcanic terrain south and Nest of Casa Grande is divided into 
three units: 

Sediments. Conglomerate and grit derived from granite and apache 
group. These rocks are tilted as much as 50 ° . 

Ol(Jer volcanics. Above the sediments (not always present) are flows 
of basalt, anaesite and latite. These rocks are faulted and tilted. 

~asalt. The exposed basalt flows are widely scattered erosional 
remnants resting on the older volcanics. 

(2) Valley conglomerates. 

The conglomerates which fill the Casa Grande valley are divisible 
into three units- 

Sacaton conqlomerate. This unit is known only near the Sacaton Cu 
,,± 

deposit. There are no outcrops of simila'r type. Its character, as deter- 
mined by drill cores, is that of an unsorted fanglomerate made of granite 
and schist/gneiss boulders and grit. The Sacaton conglomerate was deposited 
against steep relief cut on the Sacaton altered zone, and then displaced 
along the Basement fault to its present position. Induration is significant 
and the formation is hard and compact. 

Buraess Peak conalorperate. A small hill--Burgess Peak--arises just 
NW of Casa Granoe enu is composed of a hard granite-boulder fanglomerate 
with hematite cement. Our three holes on the Gila prospect penetrated 
similar conglomerates, and water well drillers' logs indicate that this 
formation probably extends southeast along the ridge which appears to 
separate the water basins east and.west of Casa Grande. The formation 
is variable in hardness, but is generally well indurated, although less 
so than the Sacaton conglomerate. 
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Gas line conqlomerate. The Gas line conglomerate is named for a small 
outcrop of conglomerale along the El Paso .gas line east of Sacaton and drill 
hole penelrations of the formation in the same area. The formation appears 
to be younger than known faults and is de.rived from the granitic rocks of 
the Sacaton mountains. It is poorly consolidated and consists of fanglomer- 
ate and sandy stream deposits. A thick clay layer is preseni~ east of the 
Sacaton deposit, which appears to trend South and taper-out across its 
width of about 2 miles. The Gas line ~s the aquifer north of Casa Grande. 
Where il is adjacent to the Sacaton deposit it is dry. The aquifer gravels 
in the deep basin wes~ of Casa Grande are probal~ly equivalent in cge, but 
they will no doubt contain boulders derived in parl: from the mountains 
south and west thereof. The outline of the Gas line basin at Sacaton is 
shown in green on the map. 

(3) Andesi te. 

Dikes of andesite are post-ore but older than the valley conslomerate. 

(,4) Quaternary. 

Alluvium made of poorly consolidated silt and sand is spread out across 
the Casa Grande valley, reaching a thickness of about 200 feet near the 
Santa Cruz River. 

Dissected a l l u v i a l  Fans f lank  Table Top mountain, and are maae l a rge l y  
of  vo lcanic  rubble. 

JEK/jk 
cc: JRWoj cik w/att. 

JEKi nnison w/a t t. 
F i le  w/att. 
3 extras w/art. 

U JOHN ..~. I~iN~ISON 
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AMERICAN SMELTING AND REFINING COMPANY 
TUCSON ARIZONA 

June 4, 1975 

Memorandum to: W. L. Kurtz 

From." G. J. Stathis 

Petrographic Thin Section 
Examination of Drill Core from the 
Santa Cruz Project; 
Pinal County, Arizona 

Sixty-eight petrographic thin sections were examined of drill core from the 
Santa Cruz Project. Purpose of this examination was to study nature and 
intensity of the alteration mineralogy which, perhaps, would aid in 
predicting in what direction or part of the Santa Cruz Project area better 
primary copper mineralization might be expected at depth. 

Results of the petrographic examination are summarized on Table I. Under 
the rock classification column, two varieties of Precambrian granite were 
recognized; e.g., a microcline variety and -~ o;~thoclase variety. One or 
the other of the K-feldspar varieties occurs at the exclusion of the o~hel ~. 
Other than that, the two granites appear to be very similar mega and 
mi croscopi cal ly. 

Both a blotite-rich and a quartz-rich monzonTte porphyry (Laramide) have 
been noted microscopically. The porphyries appear to be similar micro- 
scopically. The classification "biotite monzonite porphyry" was used when 
the quartz phenocryst volume content was down to 5 percent or less. This 
is usually accompanied by a corresponding increase in the biotite pheno- 
cryst content. Megascopical|y there appears to be a real textural and color 
difference between the two Laramide monzonite porphyries. H. Kries has 
used the textural designation "aplitic" and "aphanitic J' porphyry to differ- 
entiate between the two porphyries. The aplitic porphyry is lighter in 
color and more siliceous looking. The aphanitic porphyry is darker and 
perhaps th is  is due to a s l i g h t  increase in groundmass b i o t i t e .  

Table I I is an attempt to compare the two Laramide porphyry rocks and see 
if the megascopic and microscopic classifications are directly comparable; 
e.g., is the biotite monzonite porphyry the same as the aphanitic porphyry; 
if not, is the difference influenced by alteration (increase of). Results 
show that the two classification schemes are not always directly comparable, 
that is bmp does not always = aphanitic, nor-qmp = aplitic. The discrepancies 
do not appear to be caused by alteration. 
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TABLE I 

SUMMARY OF PETROGRAPHIC THIN SECTION EXAMINATION 
SANTA CRUZ PROJECT, PINAL CO., ARIZONA 

D r | l l  Thin Section 
Hole # Depth ( in  ,feet) 

2 2591 
2 2661 
2 2705 
4 1608 
4 1892 
4 1895 
4 1912 
4 1984 
4 2038 
5 2662 
5 3135 
5 3559 
5 3600 
6 3951 
6 4259 
6 4298 
7 2785 
8 873- 
8 899 
I0 417 
11 580 
I1 :124 
12 415 
12 578 
IZ 585 
12 603 
lZ 633 
12 654 
IZ 674 
IZ 699 
IZ 724 
12 731 
12 778 
IZ 811 
lZ 855 
12 19Ol 

R6ck C l a s s i f i c a t i o n  

andesite 
g ran i te  (microc l lne)  
gran i te  (microc l ine)  
g ran i te  (or thoc lase)  
biotite porphyry 
brecciated porphyry? 
basaltic andesite 
monzonite porphyry (qtz) 
monzonite porphyry (qtz) 
basa l t i c  andesite 
g ran i te  (or thoc lase)  
basic dike 
gran i te  (microcline) 
brecciated gran i te  (mic roc l lne)  
brecciated gran i te  (mlcroc l lne)  
brecciated gran i te  (microc l lne)  
gran i te  (microc l ine)  
porphyry 
granite (microcllne) 
granite (microcline) 
breccia or conglomerate? 
brecclated granite (microcllne) 
granite (microcllne) 
monzonite porphy[y (quartz) 
monzonite porphyry (biotite) 
monzonite porphyry (biotite)" 
monzonite porphyry (quartz) 
monzonite porphyry (quartz) 
granite (microcline) 
diabase 
granite (microcline) 
diabase 
diabase or gabbro 
granite (microcline) 
granite (microcllne) 
g ran i t e . (m i c roc l i ne )  

Degree of 
Alteration 

moderate to strong 
weak 
weak 
weak to moderate 
s t rong 
moderate to strong 
moderate to s t rong-  
weak to moderate 
weak 
weak 
fresh to weak 
moderate to st rong 
weak 
moderate 
weak 
? 

weak 
moderate 
weak ~o moderate 
fresh 

weak to moderate 
mode rate 
moderate 
moderate to st rong 
we ak 
moderate to strong 
moderate to strong 
weak 
s t rong 
we ak 
st rong 
moderate to strong 
weak 
moderate 
weak 

AI t e ra t i on  Mineralogy 
.. . . . . . .  (.approximate order o f  abundance) 

k a o l i n i t e ,  c h l o r i t e  
s e r i c i t e ,  kao l i n i t e ;  
s e r i c i t e ,  k a o l i n i t e  
s e r i c l t e  
b i o t i t e ,  o r thoc lase ,  k a o l i n i t e ,  epldote 
sericlte 
e p i d o t e , s e r i c i t e ,  c h l o r i t e ,  t remol l te  
kaolinite, chlorite, tremollte 
c h l o r i t e ,  epidote 
i ddi ngs i t e ,  carbonate 
se r i c i  te 
s e r l c i t e ,  ch lo r i  te 
s e r i c i t e  
se r i c i . te ,  k a o l i n i t e  
s e r i c i t e  
heavy iron s ta in ing  
s e r i c i t e  
s e r i c i t e ,  c h l o r i t e ,  epidote 
s e r i c i t e ,  hydromica 

c h l o r i t e ,  b i o t i t e ,  s e r l c l t e  
s e r i c i t e  
hyd roml ca 
kaolinite, serlclte 
serl cl te 
kaolinite, quartz, serl¢Ite 
biotite, kaolinite 
chlorite 
biotite, epi dote 
serici te, chlori te 
biotite, epl dote 
chlorite, ep| dote 
sericlte 
k a o l i n i t e ,  s e r l c i t e  
ser |c i  te 

I 

I 



TABLE I ~ Continued 

Dr i l l  
Hole # 

13 
13 
13 
13 
13 
14, 
14 
14 

"15 
15 
16 
16 
16 

16 
16 
18 
18 
18 
18 
I9 
I9 
19 
19 
I9 
19 
20 
20 
20 
21 
21 
2i 
21 

Thin Section 
Depth (in feet) 

1674 
2155 
2192 
2250 
2251 
2320 
2472 
2580 
2818 
2921 
1420 
151l 
1512 

-1516 
1841 
2159 
2272 
2340 
2434 
1233 
1318 
2031 
2258 
2525 
2619 
1533 
i566 
1703 
2400 
2444 
2543 
2592 

Rock Classif icat ion 

gl'ani te (or thoclase) 
gran i te  (or thoclase) 
gran" te?? 
diabase 
monzonite porphyry (quartz) 
monzonite porphyry (quartz) 
monzonite porphyry (b io t i te)  
monzonite porphyry (quartz) 
basaltic glass 
brecciated granite (orthoclase) 
basaltic glass 
brecciated basaltic glass 
brecciated basaltic glass/monzonlte 

porphyry (quartz) fragments 
basaltic glass 
monzonite porphyry (quartz) 
recrystallized granite 
monzonite porphyry (biotite) 
monzonite porphyry (biotite) 
monzonite porphyry (quartz) 
granite (orthoclase) 
brecciated granite (orthoclase) 
granite (orthocl ase) 
monzonit:e porphyry (quartz) 
monzonite porphyry (quartz) 
monzonite porphyry (quartz) 
granite (microcline) 
brecciated granite (microcline) 
granite (microcline) 
monzonite porphyry (biotite) 
monzonite porphyry (biotite) 
monzonlte porphyry (biotite) 
monzonite porphyry (biotite) 

Degree of 
Al terat ion 

strong 
weak to moderate 
very s t rong 
strong 
strong 
st rong 
weak to mode rate 
weak 

moderate 
mode rate 
fresh 
moderate 
moderate to strong? 
weak to moderate 
mode rate 
moderate 
weak to moderate 
moderate to strong 
moderate, to strong? 
weak 
weak to moderate 
weak 
moderate 
mode rate 
moderate to strong 
fresh 

A l t e ra t i on  Mineralogy 
(approximate order o f  abundance) 

or thoc lase,  s e r l c i t e ,  c lay ve in le t s  
ser[ ci te 
s e r i c i t e ,  quartz 
b i o t i t e ,  s e r i c i t e ,  k a o l i n i t e  
b i o t i t e ,  k a o l i n i t e ,  s e r i c i t e  
b i o t i t e ,  s e r l c i t e ,  k a o l i n i t e  
s e r i c i t e ,  b i o t i t e ,  k a o l i n i t e  
c h l o r i t e ,  carbonate 

b i o t i t e ,  k a o l i n i t e ,  s e r i c i t e ,  quartz 
quar tz ,  b i o t i t e  

s e r i c i t e ,  k a o l i n i t e ,  carbonate 
s e r i c i t e ,  carbonate, quar tz ,  hydromlca, chlor i te  
s e r i c i t e ,  k a o l i n i t e ,  quar tz ,  c h l o r i t e  
k a o l i n i t e ,  b i o t i t e ,  s e r i c l t e  
s e r i c i t e ,  k a o l i n i t e  
kaolinite, sericite 
biotite, kaolinite, sericite 
biotite, kaolinite, sericite 
sericite, chlorite 
sericite, quartz, epidote, hydromica 
sericite, hydromi ca 
kaolinite, quartz, chlorite, biotite 
kaolinite, chlorite, biotite, sericite 
sericite, kaolinite, chlorite, biotite 

! 

! 
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TABLE II 

COMPARISON OF MONZONITE PORPHYRY ROCKS 
FROM SANTA CRUZ PROJECT, PINAL CO., ARIZONA 

SC Drill 
Hole Number 

4 
4 
12 
12 
12 
12 
12 
13 
14 
14 
14 
16 
18 
18 
18 

19 
19 
19 
21 
21 
21 
21 

Thin Section 
Depth (in feet) 

Megascopic 
Classification 

Microscopic 
Classif.* 

1984 aplitic qmp 
2038 aphanitic qmp 
1578 aplitic qmp 
1585 aphanitic(?) bmp 
1603 aphanitic bmp 
1633 aphanitic(?) qmp 
1654 aphanitic qmp 
2251 aphanitic qmp 
'2320 aphanitic qmp 
2472 aphanitic bmp 
2580 aplitic qmp 
1841 aplitic qmp 
2272 a p l i t i c  bmp 
2340 aplitic bmp 
2434 aplitic qmp 
2258 apha~litic qmp 
2525 aphanitic qmp 
2619 aphanitic qmp 
2400 aplitic bmp 
2444 aphanitic bmp 
2543 apIitic bmp 
2592 a p l i t i c  bmp 

Degree of 
AI terat ion** 

W-M 
W 
M 

M-S 
W 

M-S 
M-S 
S 
S 

W-M 
W 
M 
F 
M 

M-S? 
W-M- 
M-S 
M-S? 
M 
M 

M-S 
F 

* qmp = quartz monzonite porphyry 
bmp = biotite monzonite porphyry 

** F = fresh 
W = weak 
M = moderate 
S = strong 



W. L. Kurtz - 5  " June 4, 1975 

Under the heading "Degree of Alteration" found in Table I, the designation 
weak, moderate, or strong alteration is based on degree of replacement of 
primary minerals, especially plagioclase and biotite, and not to progressive 
destruction of the primary texture in the rock. Obviously, under conditions 
of strong alteration, the primary texture will be affected (destroyed). 
It was readily noted that the two main rock units (granite and monzonite 
porphyry) show a basic difference in their comparative mineralogies as 
alteration intensity increases. The mineralogic changes for the two rocks 
is summarized as follows: 

a) Granite 

I. Weak Alteration 
Plagioclase - I/3 to I/2 of its volume altered to sericite with 
trace kaolinite. 
Biotite - minor chloritization and partial oxidation. 

2. Moderate Alteration 
Plagioclase - complete sericitization or I/2 sericite & I/Z 
kaolinite by volume. 
Biotite - mostly altered to hydromicas with minor chlorit~ and 

3. Strong Alteration 
Texture destroyed. Recrystailization of sericite after plagioclase 
and local replacement by quartz. 
Secondary orthoclase. Some orthoclase, kaolinite, and quartz 
veining. 

b) Monzonite Porphyry 

I. Weak Alteration 
Plagioclase phenocrysts - mostly fresh, trace epidote. 
Biotite Dhenocrysts - I/3 to I/2 chloritized. 

2. Moderate Alteration 
Plagioclase phenocrysts - mostly altered to kaolinite, locally 
2"f3rds sericitized. Epidote clots. 
Biotite phenocrysts - chloritized or locally partly altered to 
hyd romi ca. 
Biotite clroundmass - partly chloritized or partly altered to 
hydromica. Some development of secondary biotite and minor 
biotite veining. 
Quartz phenocrysts - resorbed by groundmass. 



W. L. Kurtz - 6 - June 4, 1975 

3. Strong Alteration 
Plagioclase phenocrysts - completely kaolinized or completely 
serici t ized. 
Quartz phenocrysts - strongly resorbed (corroded). 
Groundmass - strong biotization of groundmass and corresponding 
increase in sericite as well. Biotite content exceeds sericite. 

Results of the petrographic study are shown on Plates l & 2. Plate l 
summarizes the situation based on drill hole information available up to 
April l, 1975 and shows the petrographic classification of alteration 
intensity noted at the bottom of 14 dr'ill holes. Drill hole 13 had, by 
far, the strongest alteration noted in thin section. It is concluded 
that the SWI/4 of the map area is of no interest. The indications are 
that the best primary copper mineralization potential would be approximately 
in the central portion of the El/2 of the map area. Plate 2 shows 
distribution of holes that bottomed in Precambrian granite versus those 
bottomed in Laramide porphyry. 

Only 16 of the 68 thin sections showed evidence, of disseminated sulfide 
(pyrite, chalcopyrite) mineralization and only 4 of these thin sections 
were estimated to have more than 2 percent sulfide by volume. None of the 
4sections had more than 4 percent sulfide by volume. 

In conclusion, once again it is important to note the difference in 
alteration (especially in the moderate thru strong intensity range) between 
the two major mineralized units at Santa Cruz. The Precambrian granite has 
a phyllic alteration assemblage and the Laramide monzonite porphyry a 
potassic alteration assemblage. Under extreme or strong alteration 
conditions, there is a coexistence of sericite and secondary orthoclase 
in the granite and sericite and secondary biotite in the monzonite porphyry. 

I believe that the difference in alteration between the two rock units is 
a reflecting bulk rock chemistry variation (microscopically, at least, 
this variation does not appear to be that great between the two rock 
types) rather than spatial position within a sulfide system, a la the 
classic Kalamazoo model. The few diabase dikes examined in thin section 
al l  show very strong development of pervasive secondary b iot i te  accompanied 
by considerable disseminated epidote. Apparently, .these altered diabase 
dikes can occur anywhere within the granite section. 

The occurrence of potassic alterat ion (mostly secondary biot i te)  in the 
monzonite porphyry should not be regarded as being in the core zone 
(consequently "barren" by implication) of the sulfide system (Kalamazoo 
model). In rea l i ty ,  the potassicaIIy altered monzonite porphyry noted at 
Santa Cruz may equate in position to the upper phyl l ic  zone level of 
alteration of the Kalamazoo model. 

G. J. Stathis 
GJS:Ib 
Attachs. 

cc: JHCourtrlght, HGKreis 
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SUMMARY AND CONCLUSIONS 

Recent core drill holes SC-18, -19, -24, and a previous rotary hole, SO-16, 
have encountered a copper oxide deposit in the Santa Cruz horst block 
(Figures l and 2). Core hole SC-23, a step-out hole between Santa Cruz and 
Sacaton, drilled through a chalcocite blanket of unknown lateral extent. 
Significant geologic intercepts including internal leached ~ are: 

Hole . Depth Interval Cu Grade Cu Form 

SC-18 1670a-1790 120' 0.71% CuOx 
$C-19 I193 -1770 577' l.lO~o CuOx 
SC-24 1550 -1820 270' 0.68%b (Est.) CuOx 
SO-16 1560 -1650 c 90' l .457o (Est.) CuOx 
SC-23 2430d-2650 220 ' l. 27% Chal coc ite 

aAbove is 70' @ 1.81% Cu in volcanic agglomerate (1560-1630). 
bAssayed except for 80' estimated at 0.05~ Cu. 
CNo assays of cuttings of CuOx from 1650-1770 in SC-16. 
dOverlain by 220' at 0.41% Cu (CuOx and chalcocite). 

No reserve calculations have been made at this time. However, the grades 
and thicknesses oF the copper oxide intercepts and their projected extent 
are compatible with the tonnages and grades upon which the Santa cruz 
project was reinitiated (subject to modification by the competition's 
acquisition of the Collins' property). 

The Santa Cruz copper oxide deposit is interpreted to be an oxidized 
chalcocite enrichment blanket faulted off on the northeast and southeast. 
sides. SC-23, a step-out hole between Santa Cruz and Sacaton drilled through 
an intact but fault thinned chalcocite enrichment blanket of unknown extent. 

The Santa Cruz copper oxide deposit and the chalcocite blanket in SC-23 are 
part of a large buried sulfide system. The extent of the system is only 
partially defined with the Santa Cruz horst on the southwest, SC-2 just to 
the north, and the Sacaton barren basement complex on the northeast. The 
southeast side rs completely open. The Santa Cruz sulfide system is believed 
to be 12,000 to 20,000' long and at least 2,500' wide. 

Geologic studies to date suggest a low total sulfide system (2-3% average 
by volume) hosted by Precambrian granite with small Laramide quartz monzonite 
porphyry intrusives. The stronger primary copper mineralization appears to 
have been distributed within 2000' of a large quartz monzonite porphyry mass 
(intercepted in SC-14, -16, -18, -19, and -21). In the portions of the 
sulfide system explored to date, the highest primary grades are interpreted 
to have been about 0.5-0.6% copper prior to oxidation and leaching. 

Multiple cyclic enrichment has produced and destroyed chalcocite enrichment 
blankets. In SC-23 and at Sacaton these enrichment blankets remain. 
£halcocite blankets in the Santa Cruz horst block, containing a high 
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chalcocite to pyrite ratio, were oxidized without significant leaching to 
form copper oxide deposits. The enrichment blankets have been offset by 
horst-graben faulting and more recent low angle (flat) faulting. Sacaton 
appears to have been faulted from an unknown position within the Santa Cruz 
sulfide system. 

The results of the"1974-75 drilling program are encouraging and more 
drilling is needed in the Santa Cruz horst block between SC-16, -18, and 
-19; in the SC-23 area; between SC-23 and Sacaton; and in the area south 
and east of SC-16 (Sections 17 and 19) as outlined in Figure I. Testing 
of the latter three areas would require additional land acquisition. 
Exploration in these three areas is enhanced by the potential for chalco- 
cite mineralization rather than copper oxide mineralization. 

38,364' of drilling was done in the 1964-1965 Santa Cruz driolling program 
and 18,484' in the recent 197..4-1975 program, for a total of 56,848' 
Although very little is known about Newmont's exploration program, it is 
guesstimated at 15,000' of rotary-core drilling. 

INTRODUCTION 

The discovery of the Santa Cruz sulfide system was made by Asarco in 
September-October 1964 while exploring for the Sac~ton "roots" along 
Sacaton's southwest trend. The exploration program drilled SC-I through 
SC-17 from mid-1964 to mid-1965. In mid-1965 Asarco's land position was 
dropped. 

During late 1970 and early 1971 Asarco attempted to reestablish its land 
position following a favorable geologic report by Bruce Kilpatrick (October 
5, 1970). No land was acquired during the following years. In July 1974 
Asarco and Freeport Exploration Company entered into a joint exploration 
agreement. During October 1974 Freeport purchased North American Acceptance 
Corporation land in and about the area of previous drilling in Section 13 
(T6S R5E). Asarco commenced drilling in October 1974 and continued to the 
end of Jurie-1975. Holes SC-18 through SC-24 were drilled during this time. 

Ore grade and potentially economic copper intercepts have been encountered 
in four holes of the recent drilling program. Geologic interpretation of 
the past and recent drilling results has resulted'in a reasonable under- 
standing of the former primary mineralization, enrichment cycles, copper 
oxide deposit formation, and offsetting fault structures. The purpose of 
this report is to highlight the results of the recent drilling program and 
the geologic interpretation resulting from studies since October 1974. 
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DRILLING RESULTS 

The  1964-1965 drilling program consisted of 17 holes totalling 38,364' of 
rotary and core drilling (Santa Cruz Summary Report, J. Wojcik, May 1966). 
During the recent program seven holes and one wedged hole (SC-21W) were 
completed, for a total drilling footage of 18,484' (I0,083' of rotary 
drilling and 8,401' of core drilling). The footages of the recent program 
are detailed in the following table. 

TOTAL RECENT DRILLING 

Dri l l  Hole Rotary Core Total 
SC-18 1,505' 1,008' 2,513'(T.D.) 
SC-19 1,205 1,621 2,826 (T.D.) 
SC-20 1,206 1,217 2,423 (T.D.) 
SC-21 2,364 605 2,969 (T.D.) 
SC-21W -0- 315 315 (2,417'T.D.) 
SC-22 600 1,726 2,326 (T.D.) 
SC-23 2,150 52l 2,67L ( T . D . )  
5C-24 1,053 1,388 2,441 (T.D.) 

Tota l  I0,083' 8,401' 18,484' 

Norm Whaley's calculations (work sheets dated July 30, 1975) show Joy cored 
5,240' at an average cost of $15.92/ft. and Longyear cored 3,162 ! at an 
average cost of $21.87/ft. (mud and lost casing costs included in both 
figures). On a comparison basis, the ~'osts would be $16/ft. for Joy versus 
an estimated ~19 to $19.50/ft. for Lungyear, adjusting for depth, core size., 
number of rigs, mud experimentation, wedging, and minimum footage bid 
(Asarco supervision and overhead not included). From Whaley's calculations, 
it can be found that Joy drilled at an average rate of 27 ft,/calendar day 
and Longyear averaged 41 ft./calendar day, adjusted for wedging time only. 
Hunter-Shelton rotary drilled at an average cost of $6.79/ft. and CXM 
Drilling averaged $11.09/ft. (not adjusted for comparison). 

The results of the individual holes are summarized in the following table 
and FTgures 3 through 9. Graphic summary logs of the detailed logging 
sheets are in Appendix I. Factual and interpretive points of interest for 
each hole are noted in the following paragraphs. 

SELECTED COPPER INTERCEPTS 
(Geologic Cutoff Grades, Approx. 0.3% Cu) 

Hole From To Interval Copper Co~per Minerals 
SC-18 1670' 1790' 120' 0.71% Chrysocolla 
SO-19 I193 1320 127 0.84 Chrysocolla & 

Atacamite 
1620 1770 150 2.98 Atacamite 

SC-23 2430 2650 220 1.27 Chalcoclte & 
Chalcopyrite 

SC-24 If80 1280 lO0 0.51 Chrysocolla 
1550 1660 llO l.lO Chrysocolla & 

Atacamlte 
1740 1820 80 0.73 Chrysocolla 
"2220 2420 200 0.58 Chalcoclte 

N o t e  : SC-13; -14, and -16 of the 1964-1965 drilling program 
contained significant copper intercepts of questionable 
grade (rotary cuttings) and some Intercepts were not 
assayed. 
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SO-18: Drill hole SC-18 (Figure 3) went from conglomerate into bedrock 
across a fault at a depth of 1,560'. This fault is interpreted to have 
removed about a 900' thickness of capping containing an estimated lO0-150' 
thick blanket of copper oxides averaging 0.5-0.8% total copper. 

From 1,560 to 1,630' was 70' at 1.81% copper (chrysocolla) hosted in 
altered volcanic agglomerate. The nature of the host rock and its limited 
distribution within enrichment blankets suggests that the thickness and 
definitely the grade should be discounted for projections over lO0' distant 
from SC-18. 

An anomalous abundance of breccia (mostly in granite) and high former total 
sulfides yield at depth to typically low grade (0.2% Cu), moderately weakly 
altered quartz monzonite porphyry (aplitic groundmass). SC-18 penetrated 
quartz monzonite porphyry with primary sulfides at a depth above copper 
oxide and chalcocite enrrchment blankets that proJ'ect from SC-19 to SC-14 
and are seen in SC-24 as a 5090 leached chalcocite blanket. 

SC-19: Drill 1~ole SC-19 intercepted 690 feet-percent copper enrichment 
in the form of copper oxides and minor chalcocite (Figure 4). The feet 
percent copper in SC-19 is greater than nearly all the holes at Sacaton, 
but the economic potential is less bec'.use the zones of copper are wideiy 
separated by !eached capping. The hole bottomed in low grade, weakly 
alter;ad quartz monzonite porphyry (aplitic groundmass). The suggested 
interpretation of the.former primary grades and the supergene redistribution 
of copper values are shown in Figure 10. In general copper intercepts in 
SC-19 correlate nearly horizontally with intercepts in SC-24, SC-18, SC-16, 
and SC-14. 

$C-20: The geology of SC-20 (Figure 5) is divided into two distinct domains 
that are separated by a fault at 2,150'. Above the fault the former total 
sulfides averaged about I% by volume in moderately strongly altered granite 
and about 5% in strongly altered granite breccia intervals. From about 
1,700 to 2,O50' was indigenous hematite after chalcocite and pyrite. Below 
the fault at 2,150' the granite is weak]y altered with low (3/4%) former 
total sulfides. The hole bottomed in leached capping (50 feet of rods lost 
in hole at a depth of 1,300'). 

SC-21 and SC-21W: The suggested interpretation of the geology of SC-2] and 
SC-21W (Figure 6") is shown in Figure II. Remnant enriched sulfides are 
intermixed with l imonites beneath thoroughly leached capping and separated 
by faulting from the top of the primary sulfides. The hole bottomed in 
typically low grade copper, weakly altered quartz monzonrte porphyry 
(aplitrc groundmass). An apparent increase rn molybdenite with depth 
(see log in Appendix I) is noteworthy and could reflect a change in the 
geology below the bottom of SC-21. 
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SC-22: SC-22 (Figure 7) penetrated onl'y local t race amounts o f  CuOx and 
two zones of  weak cha lcoc i te  enrichment that  have experienced about 60% 
leaching. I t  appears that  the p y r i t e  to copper su l f i de  r a t i o ,  both in the 
former primary su l f i des  and in the enrichment zones, remained very high. 
Reconstruct ion of  the two enrichment horizons p r i o r  to leaching at 1,510' 
to I,{;00' and 2,080' to 2,240' suggests 90' at 0.5% and 160' at 0.3% to ta l  
copper, respec t i ve ly .  The las t  80' o f  SC-22 encountered weakly ox id i zed ,  
unenriched primary su l f i des .  No zone of s tab le  enrichment was penetrated 
by the depth of  2 ,326 ' ,  the bottom of the hole. 

SC-23: Drill hole SC-23 (Figure 8) has encountered the strongest, most 
pervasive sericite alteration of all the Santa Cruz drill holes to date 
(exclusive of strong alteration associated with breccia). Plagioclase and 
biotite are totally replaced, and K-feldspar is weakly to moderately replaced. 

In general there was much more drill core evidence of flat faulting in SC-23 
than in any of the holes in the Santa Cruz horst block. The chalcocite 
enrichment zone in SC-23 was bottomed by a 0-20 ° dipping fault. Prior to 
enrichment the last 250' of SC-23 appears to have had a primary grade of 
0.5% copper. 

SC-24: Drill hole SC-24 (Figure 9) found the conglomerate-bedrock contact 
35--5-~--lower than projected from SC-22 and St-19 suggesting a fault between 
SC'19 and SC-24. As previously discussed, the copper oxide intercepts in 
SC-24 correlate with intercepts in SC-lg, -16, and -18. 

SC-24 encountered a chalcocite enrichment blanket that was 50% leached; from 
2,220' to 2,420' was a 200' thickness of 0.58~ copper as chalcocite with 
no copper oxides. The enriched grade prior to leaGhing is estimated at 
slightly greater than |% copper. The top of this blanket correlates with 
the top of significant chalcocite enrichment in SC-13 which occurred at a 
depth of 2,250' (SC-13 bottomed at 2,286'). 

SC-24 bottomed in moderately altered granite with weakly oxidized pyrite 
and chalcopyri re. 

SANTA CRUZ SULFIDE SYSTEM 

The Santa Cruz copper deposit is a horst block of part of a large buried 
sulfide system. The extent of the system is only partially defined with 
the Santa Cruz horst on the west, SC-2 just to the north, and the Sacaton 
barren basement complex on the east. 

Geologic studies to date suggest a low total sulfide system (2-3% average 
by volun~) hosted by Precambrian granTte with small Laramide quartz monzonite 
porphyry intrusives. The stronger primary copper mineralization appears to 
have been distributed within 2,000' of a large quartz monzonite porphyry 
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mass. In the portions of the sulfide system explored to date, the highest 
primary grades are estimated to have been about 0.5-0.6% copper. Figure 12 
shows the interpreted vertical and horizontal zoning of alteration and 
primary mineralization as related to the apparent quartz monzonite intrusive 
at depth. 

Multiple cyclic enrichment has produced and destroyed chalcocite enrichment 
blankets. In SC-23 and at Sacaton these enrichment blankets remain. 
Chalcocite blankets in the Santa Cruz horst block, however, contained a 
high chalcocite to pyrite ratio and were oxidized without significant 
leaching to form copper oxide deposits. The enrichment blankets have been 
offset by horst-graben faulting. More recent low angle (flat) faulting 
is seen in SC-23 and at Sacaton. 

The factual and in terpret ive geology of the Santa Cruz su l f ide system Ts 
detai led in out l ine form in Appendix I I .  Figure 13 depicts a s impl i f ied 
in terpret ive version of the copper enrichment h is tory of the Santa Cruz 
horst block. 



APPENDIX I 

Explanation for Detailed Log Summary 

The summary logs are generalizations of detailed descriptions made for 
every ten feet of core. Explanation of the headings follows (see explana- 
tion accompanying detailed logs for a more complete explanation): 

Fractur ing of  core - -  f r ac tu r i ng  and breakage of core which appears 
to be post ox ida t ion  (post su l f i de  i f  in su l f i de  zone). 

Faults - -  f a u l t  evidence in core that  is p o t e n t i a l l y  s i g n i f i c a n t  to 
i n t e rp re ta t  ion. 

Rock t y p e - -  
G r -  g ran i te  
Qmp - b i o t i t e  quartz rnonzonTte porphyry ("a" is a p l i t i c  and "b" 

is aphan i t i c  appearing in hand sample) 
Db - diabase 
B x -  breccia (unc lass i f ied )  
Bx I -  rock fragments wi thout  ro ta t ion  commonly set |n up to I0-20% 

matr ix  materia~ 
Bx 2- mobile or rotated rock fragments, of ten subrounded and set 

in 20-50% matrix material 
Cong- conglomerate 

Crushing -- weak (W), 20% crushed; moderate (H), 50% crushed; and 
strong (S), 80% crushed. Premineral structure. 

Hoiybdenum -- mostly from composite assayins rv American Analytical 
and Research Laboratories (AARL) and expressed parts per million. 

Copper -- percent total copper determined by /~ARL. Averages of I0' 
assays and some composite assays. 

Total sulfides -- volume percent estimate of all sulfide minerals 
(ore and gangue; prior to oxidation if in cappTng). 

Sulfide control -- relative abundance of fracture, vein, and breccia 
controlled sulfides compared to disseminated sulfides (disseminated 
sulfides do not include those disseminated sulfides that are 
obviously fracture associated). 

Limonites -- relative abundance of indigenous l imonite to total 
limonlte content indicated by weak, moderate (transported equals 
indigenous), and strong. Volume percent hematite to total 
.limonite (hematite, goethlte, and jarosite). Local occurrence 
of jarosite similarly noted. 

Quartz veins -- relative abundance. A weak designation equates to 
about one thin quartz vein every foot or two. 

Alteration -- expressed as an arbitrary number based on relative 
(weak, moderate, and strong) replacement of rock forming 
minerals by alteration products (generally sericite and kaolinite) 
in hand sample. The numbers equate to the alteration of rock 
forming minerals in granite and quartz n~nzonite porphyry 
approximately as follows: 
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APPENDIX II 

Santa Cruz Sulfide System 
Factual and Interpretive Results to Date 

Location (Also see plan map, Figure I) 
A. NE corner of T6S R4E and NW corner T6S RSE (GSRBM) 
B. Pinal Co., Ariz., 6 miles NW of Casa Grande 
C. Under 600: to 2,100' and possibly to 5,000' of post mineral 

conglomerate cover 
D. North edge of Casa Grande basin 

Size 
A. Length 

I. 12,000' and possibly to 20,000' 
2. West end 

a. SC-20, -12, and-4 
3. East end 

a. Probably 2,000-I0,000' east of SC-23 
4. Trend, NE-SW 

• B. Width 
I. 2,500' minimum 
2. North side 

a. 1.500-2,000' southeast of SC-2 
3. South side 

a. Probably at least 2,000' south of SC-16 
C. Vertical Extent 

I. Greater than 2,000' 

Att i tude 
A. Unknown 

Host Rocks 
A. Precambrian granite (Gr) 
B. Laramide quartz monzonite porphyry (Qmp) 

I. Dike-like bodies intruded into Gr 
2. Intermixes with Gr breccia 
3. Large intrusive possibility 

a. SC-14, --16, -18, -19, and -21 bottomed in Qmp 
b. SC-2I penetrated 800' of texturally uniform Qmp 
c. SW part of Sacaton 

£. Diabase 
I. Very minor host rock 
2. Thin widely spaced dikes 

D. Breccia 
I. Occurs in Gr, Qmp, and mixtures of the two 
2. Probably pre to post sulfide in age 

Primary M i n e r a l i z a t i o n  
A. P y r i t e ,  c h a l c o p y r i t e ,  and t race  n~olybdenite 
B. Volume percent total sulfides (conservative estimates) 

I. Commonly I-2~ in non-brecclated rock 
2. 2-5% in breccia 
3. I/2 - I% in Qmp at depth 
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VI. 

C. Sulfide rat ios 
I .  I0 py:l  cpy in fr inge areas to l : l  in areas of best primary 

copper grades 
2. Enriched zones lO py: l  cc to 2 py:l cc (present copper oxide 

z o n e s )  . . 

D. Grades 
I. In terpretat ion and SC-23 suggest former average primary grades 

up to 0.5-0.6% copper 
2. Molybdenum up to 240 ppm (SC-23) 
3. Molybdenum very c losely associated with higher chalcopyri te 

grades 
E. Thickness 

I. Greater than 0.3% copper estimated to be 500-700' thick 
measured normal to the Gr-Qmp (Qmp at depth) contact 

F. Continuity 
I. Inferred to be reasonable judging from plus 200 feet percent- 

copper in SC-16, -18, -19, -24 area and evidence of previous 
former sulfides in capping 

G. Structural control 
I. Generally fracture and breccia control greater than disseminations 
2. Local abundant disseminated control 

II. Locus of mineralization 
I. Chalcopyrite (+0.3% copper) appears to have been deposited 

within 2,000' of an apparr;r.t large Qmp intrusive at depth 
I. Source ef mineralization 

I. Hydrothermal solutions associated with Qmp 
J. Associated mineralization 

I. Sparse quartz veins 
2. Calcite in Qmp at depth 
3. Local minor specularite 
4. Alteration products 

Alteration (supergene minor compared to hypogene) 
A. Granite 

I. Sericite and kaolinite produced 
a. Plagioclase and biotite fresh to totally replaced 
b. K-feldspar generally fresh to partially replaced 

2. No secondary K-feldspar 
3. Local secondary biotite 

a. Most commonly observed near Qmp and Db dikes 
4. SC-23 most strongly altered 
5. Least altered in bottom of SC-20, mid SC-12, and certain 

peripheral holes 
B. Quartz monzonite porphyry (Qmp) 

I. Kaolinite, sericite, biotite, chlorite 
a. Plagioclase and biotite fresh to totally replaced 
b. K-feldspar generally fresh 

2. Least altered in bottoms of SC-15, -16, -18, -19, and -21 
C. Breccias 

I. More strongly altered 
2. Quartz-sericite (and kaolinite?) matrix 
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Vll. 

D. Diabase 
I. Biot i te, chlori te, ser ic i te,  kaol inite, and epidote 

E. Volcanic Agglomerate 
I. Totally altered (supergene?) 

a. Clay minerals 
F. Thin section study 

I. See report by Stathis, June 4, 1975 

Supergene Envi ronment- 
A. Mu l t i p l e  cycle leaching and enrichment o f  Santa Cruz horst  

1. Probably 1 or 2 more cyc les  than experienced at Sacaton 
2. Produced copper oxide blankets 

B. Copper oxide deposit~ o f  Santa Cruz hors t  
l .  Descr ip t ion 

a. Chrysocol la and atacamlte mineralogy 
b. B l a n k e t - l i k e  shape wi th  near hor izon ta l  a t t i t u d e  
c. ind iv idua l  uni ts  70 to 150' t h i ck  (SC-I6 indicates a 

po ten t i a l  for  local  continuous thicknesses up to 200-300') 
d. Extent - -  see Figure I 
e. Average grades 0.5%-1.11% and up to 3% 
f .  Continui ty 

I) Moderately va r iab le .g rades ,  th icknesses, and horizons 
2) Con t inu i t y  found in fcet  percent copper from hole to 

hole and along pro jec t ions  of cer ta in  CuOx horizons 
g, General ly  lower l imonite content 

2. Formation 
a. High chalcocite to pyrite ratio prior to oxidation 
b. Multiple cycle enrichment 
c. Copper immobilized and removed from cycles of further 

enrichment by formation of CuOx minerals 
d. Locally "captivated t' in reactive rocks (Db, Qmp, Volc. agglom) 

C. Chalcocite enrichment 
I. Santa Cruz horst block 

a. SC-13 bottomed in chalcocite 
b. Other than possibly in SC-i3 area, a stable enrichment 

zone associated with last stage of oxidation has not been 
intersected in drill holes 

c. SC-24 drilled 200 ~ at 0°58% Cu as chalcocite enrichment 
but was 50% leached out 

d. Potential between SC-|3 and SC-24 
e. CuOx deposits have depleted the an~unt of copper available 

for enrichment 
2. SC-23 area 

a. Unoxidized, stable chalcocite enrichment: 
b. Thickness - 220' with flat fault at bottom 
c. Stage of enrichment cycle(s) comparable to Sacaton rather 

than the Santa Cruz horst block 
3. Untested potential areas 

a. Down faulted blocks east and southeast of the Santa Cruz 
horst block 

b. Between Sacaton and SC-23 (subject to several unpredictable 
structural effects) 
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D. Leached capping 
I .  Pervasive ox ida t ion  to depths up to 1,500-1,900' below the 

erosional bedrock-conglomerate contact 
2. Grade 0.01 to 0.06% copper not including local CuOx and 

chalcocite remnants 
3. Goethite-hematite capping 

a. Mixture with 40-60% to locally 80% hematite 
b. Local minor goethite-jarosite mixtures 

4. Transported ]imonite generally exceeds, sometimes equals, 
Indigenous limonite 

5. Locally abundant indigenous limonite 
6. Iron transportation appears less than a foot 
7. Local minor chalcocite-pyrite remnants commonly occur as high 

as 750 feet above the primary sulfides 
E. Supergene alteration 

I. Effects appear minor compared to hypogene alteration 
2. Kaolinite seams 

V I I I .  St ructure 
A. Rock preparat ion 

I .  G~anite 
a. Crushing .. 

I) 10-100~o 
2) C~m~,only 40-60~o 

b. Breccia 
2. Quartz m~nzonite porphyry 

a. Crushing 
l) Dikes same as or less than Gr 

• 2) Qmp at depth tight hairline fractures more than 
crushing 

b. Breccia 
3. Fracturing 

a. 60-80 ° dips most abundant 
b. 20-40 ° dips second most abundant 

B. Faulting 
I. High angle, horst-graben type 

a. Form three sides of Santa Cruz horst 
b. Between SC-i9 and -24 and elsewhere in Santa Cruz horst 

2. Lowangle,  0-30 ° dip 
a. Conclusive evidence under Sacaton 
b. Moderate evidence under Desert Carmel 
c. Weal< evidence under Santa Cruz horst  
d. Post dates horst-graben f a u l t i n g  

3. Sacaton appears to be. fau l ted  from the Santa Cruz su l f i de  
system 

C. Regional trend 
!. Globe-Miami, Superior,  Poston Butte,  Sacaton, Ajo trend 

a. NE-SW d i rec t i on  
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IX. 

D. Sacaton trend 
I. NE-SW 
2. Trough-like graben structure 

a. 35,000' estimated length 
b. Seen between SC-I and G-3 and continues to the northeast 

across Highway I-lO 
c. Weak mineralization northeast of Sacaton 
d. Width -- generally 2,000-6,000' 
e. Fau'it on NW side of trench continues SW past Santa Cruz 
f. Not known if Santa Cruz is part of this trench 
g. Structurally similar to Cactus-Carlotta (Miami, Arizona) 

Geophysical Express ion 
A. Gravity survey 

I. No indication of sulfide system 
2. Delineates Santa Cruz horst 
3. Delineates Casa Grande basin 

B. Aeromagnetic survey 
I. No indication of sulfide system 
2. Reflects offset rock types produced by basin-range faulting 
3. Magnetic gradient band 

a. NE-SW through Santa Cruz 
l) Bedrock high on northwest side and deep conglomerate 

on southeast side 
2) Believed to be reflection of "regional fault structures 

C. I.P. 
I. No meaningful response predicted 

a. 2,000-2,500' depth to top of sulfides 
b. 640-I,000' minimum thickness of conglomerate 
c. Low average total sulfides, 2-4% by volume 
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660' o/& 

Granite with local minor quartz monzonite porphyry. 

Goethite=hemotite leached capping. No visable 

copper minerals. I-2°/o(?) former total sulfides. Moderately 

strong alteration. 

I t _ . ,  . =93 o. , , 4~  .,,~.4,.J ,, . .~, /~J/Z. . . . / ,~  / ~ .  . 
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/ t  , ~" ' " 0 ~/~-~f~" Gramte.Leached g~ethite-berr~hte caopmg. 1.75 >/oformer 

- -  total sulfides. Moderate alteration. 
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,~ .~, ..of interval.~.~ About I% fprmer sulfides,mostly' disseminated.~^ ~ ,~ ,~  , 

- . L ~  Indigenous hematite after chalcOclte. Mo~eerate alteration. 
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i,~o..t 3 '  ~0,.]'.o n 
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~-~-"~'~ ~ g ~ ~ e ~ a ~ o p p i n g . - - -  z , , ~ , , ~  .~ Few ~ninor cholcocite-pyrite remnants. 

~.A I.-t5°/oformer total sul{~-~es. Moderate alteration. 

Alternating quartz monzonite porphyry & granite. Chrysocolla for 60' 

followed by leached goethite-hematite capping. Variable (0.75-2°/o) 

former total Sulfide. Moderate alteration. 

~= z36o' 
Quartz monzonite porphyry mixed with a lesser amount of granite. 

Chalcocite and pyrite decrease with depth as oxidation and leaching 
)x-  cc - Py 

increases. ?_75% former total sulfides. Moderately strong 

alteration. 

Z~_,oo z55o' 
Cpy-Py" Quartz monzonite porphyry.Faulted, appears steeply dipping. 

Evidence of pro and post sulfide movement. I -2% total sulfides, 

- ~  pyrite and chalcopyrite. Moderate alteration. 

2640'Quartz monzonite porphyry. 0.75°/o total sulfides, pyrite and 

chalcopyrite,(3-5 py: I cpy). Weakly altered. Very weak 

2826' T. D. fracturing and crushing. 1.50°/ocolcite. 

DRILL HOLE SC-19 

2826'TD., 1313' Collar Elevation 

Rotary: 0-125C~ Hunter-Shelton Drilling 

12-6-74 to 12-12-74 

Core: NX 1205'-2436' Joy Drilling 

BX 2438'-2826' Joy Drilling 

12-21-74 to 2 -28 -75  

E X P L A N A T I O N  

~ onglomerate 

Breccia 

Volcanic agglomerate 

Quartz monzonite porphyry 

Diobase (only thicker dikes shown) 

Granite 

Fault 

Alteration - Based on degree of replacement 

plogioclase, K-feldspar and biotite 

by primarilly sericite and kaolinite. 

Secondary biotite and chlorite in 

quartz monzonite porphyry, diabase 

and locally in granite. 

Total Sulfides- Visual volume percent 

estimates. 
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DRILL HOLE SC-18  

2513' T.D., 1313' Collar Elevation 

Rotary: 0-1505' Hunter-Shelton Drilling 
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cocite- pyrite remnanfsJ°/oformertotal sulfides. Moderately strong alteration. 
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EXPLANATION 
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~ Volcanic agglomerate 
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Diabase(only thicker dikes shown ) 
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Volc~r~c a gcjIoE~j~ate~r~cLa. Chrysocolla• ,f..¢~ ~ ' ~ .  

2041' ~ " " ~  . ' F ~ - . ~ - ~ ~ c - ~ : -  • d. " ~.~ . . • . . l $ . I1~. ~ g ; ~ . y  Gramte b r e c c , a ~  t~u~[x an~c~coc,fe ,n~eached 

copping. 2%formertotalsulfides• Moderately strong'iteration• ~ ? e , L  ~,Jl,- ~ ~ ~,~='~p~t,~u,~l~j . 
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=~-Z .~ I  ~ ~ ] ' t ° ~ / ~  ' ~= ~ ' ~  ~ ~ ~ ~  ~ , ~ ' ~ 4 . ~ .  and locally in granite. 
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. ~  -- ; ~>: ~ Z ~ ' / ~ .  lOSt :~0. Moderately strong alteration. 1.75 to :?% former tota I ~ J ~ ,  

~'l-) +//I , . ~ ,  sulf,des. Upper and tower contacts are faulted. 

2 , o o -  

+~41 / ~---'~ r ~ r - ~ .  

+/+~] 
~/~+~//+1 Quartz monzonite porphyry with local breccia(2a~7'- 25Co~). 

26OO' -- I- ~'f I 0.75 to I°7o total former sulfides~ pyrite and cha Icopydte (Spy : 
/ . I 

o.le°/o ~>Y+++I I cpy ). Moderate olterotion with onomalously abundant 

579' ~ l - +  + .  secondary biotite at top of Interval ; decreases to weak alteration 
~- "P ~ 0 t- .~ about 2600 and below. 0.25 to QSO ~/o calcite. 
+ +  

28od - ~- + 4 
-F + 

+ -I 
+. + -  

- -  -F + 

• t - + .  t 

2969'T.D. 
2 9 6 9 ' ~  - -  

DRILL  HOLE SC-21821W 

2969'T.D., 1:314' Collar Elevation 

SC-21W wedged Out of SC-21 at 

2102' and cored (NQ)to 2417'T.D. 

Rotary: 0 - 2 3 6 4 '  CXM Dril l ing 

2 -25 -75  to 3-16-75 

Core:SC-21 NQ :~364'- 2969' Longyeor 

3-20-75 to 4-10-75 

SC-21W NQ 210;~-2417 ' Longyear. 

4-11-75 to 4-25-75 

E X P L A N A T I O N  

ConoIomerate 

Breccia 

~ Volcanic agglomerate 
Quartz monzonite porphyry 

Diabase(only shown) thicker dikes 

Granite 

Fault 

Alteration - Based on degree of replacement 

plagioclase~ K-feldspar and biotite 

by primerilly sericite and kaolinite. 

Secondery biotite and chlorite in 

quartz menzonite porphyry, diabase 

and locally in granite. 

Total Sulfides-Visual volume percent 

estimates. 

I~o~ 
:E 
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I N T E R C E P T S  

6 0 0 '  - -  

6 2 7 ~ - -  

o.ozO/o 

~ O i O L - - -  ,ooo' - 

1200' - -  

460"  ~__.~/ , 

" I .oo' ~: 
a 7 C ~ &  

"----~" ~ o  

1 5 1 0 ' ~  - 

1610'@-- moo'-  
Not A_~.~ved 

, 8 0 '  

00' - -  

2 0 8 0 ' - -  - -  

M P  J 

180 

r / 

2326'T.D., 1~12' Collar Elevation 

Rotary: 0 - 6 0 d  CXM Dril l ing 

:5 -29-75 to 4 - 2 - 7 5  

Core: HQ 600'-19~0' Longyeor Drilling 

NQ 1950'-2326' Longyeor Drilling 

4-28-75 to 6 - 9 - 7 5  

ROTARY Conglomerate 
- -  CORE 

627'  

~,"1" ~ "  ~ , . : ~ t ~ . c ~ # ,  f f , .~4,~,~,,,,~ L,.~ , '~  ,,~/,~,~#z.,~,,, ~ " . 7 1 ~  ~ ' ~ r ~ l ~ e o c h e d  goethite-hemotite copping. 2.50O//o former total 
i l~lt~-, l ' /  

,~, 1-65~I~"~'~o.y sulfides. Moderately strong alteration. 

) < 'LG . . - ~ l u i u  ~ / - ,P ,¢-~  (~"~-,'~ ¢~-'~'~ ~ , . , # , ,  " ~ " ~ ,z . ,  / ,~ . ,~  ÷.~J.~.J-~(,/~W~ -# ,~ , ,z ,~-~,~  
' ~ / +  ', ~ . ~ ~ ~ , ~ ' , ~ , : ~ .  ~ r  ~ ~ , ~  . ,s,-.,-: ~ ' ~ " ~ ' ~  - , ~ - ' ~ ' , ~  " ~ - ~ * . ~ ' " < " ~ - ~ . . " + ~ ' J ~ . , ~ ' + ~ - " ~ # ~ - ~  - ~ ~'x.~_.. ,,~z&" ~J~, ~-~d~--~ ̀ 'f- 

+4_+./ "~ . _ _ )  Alternating quartz monzonite porphyry and granite. Local minor E X P L A N A T I O N  
• <t ~ . ,~ ~-~-~v J 

• - / ~ / ~. ('~It~-~-~; ~chr~ocolla in goethite-hemotite leached copping 4 %  former , 

" "" " |/_'_'_'_'_'_'_'_'_'_~, , total sulfides• Moderately strong alteration. " , 4  . ~5-~&.~,-, I:.;~%-1 Conalomemte 

X J  " ' ~  ^ r -~'-~'-__% r ~  t ~  ~ ~ > ~  ~. % ~ . ~ "  
1255' ~ , ~  

• - . . z ~ " i " ureccla 

• t ' l ~  "#  , .~... w .  - # - ~ j ~  l . . ~ . i  ~ ~ . v t . ~ t . ~  ~ ' l  ~ " ~ P "  <:-el  

, , - / ~ /  ur,~,,,--~.~.. ,, Querfz @o_nzonit;F2~rph~'ry and granite. Local minor chrysocollo . ..,, I-:'Z':-;t Volcanic annlomeroto 

"" , . .  ~ jnqoethite-hemofi.te leached capping. 2 %  former tqtal sulfides. {9i , 
.... : ~ ' ~ . " ~  I~oaerme altermion; '~-~,, .-~>~a.~,:~ ~ r . ~ x ~  ,~g,,~a -4 I:+~-TI Quortzmonzoniteporphyry 7,  

, i -13~j  , = ~ e u x p F t / .  = ~ , ~ . ' ~ u f ~  ~ ~ ~ ~ . * - ~ - ~ . ~ z  ~v_..~.~.~. " ~ ' ~  ~ " ~ " ~ "  " ~  ~ ' ~ ~ T , . I  O i a b ~ s e t o n l , , t h i c k o r  d i  u o =  =h . . . . .  ~ ~ ~ -  

" . ~  ~ror)jte.~y/Lte and O_halco.cite., ~ oxidized and leached. ~@/o former 
~rr~\ ~ v,o,-~-c~ , '~w,,~r  ~.-.~.- ¢~- '- .h~,~'  ~ t m ~  - ~ r o n . "  ' - ~ >  ~ "  l j ,  /<-)~ , j , ~ ! ,  

, . .  ,o,o su,f,des. M = e r o t e ,  . - " 

4- p 4- .... ~ - ~  *~..x...~,£.C,~. ~ ~ / ~  ~ " ~ _  I'.. ~-,~. .... ,Z.J~'-..-.. I . f "  I Fault 

I>+ :~-~I~ ~&'~ '~ " ~ ' ~ "  J ~  ~ - ~ }  - ~ - ~  / i ~ ,  ~ / ~ .  ~ ~ ~ ~ Alteration- Based on degree of replacement 

b + h min E ouortz monzonite plagloclese~K-feldspor and biotite 
c> + . ..£,<.~ ,~p'/~ ~..o.<.~ .@ ~o .~ ~,~, ~.. .l~.;i,# - ~ f ' .  ,~.~o,l~ Xd~ /'tz=i ~l /,t'~'7 byprimorilly sericite and kao nte 

+ ,~-si • porphyry ano granite. L~oernite-nerno~ire macneo coppin~. 3 ~/o 
r~, n . . . .  ¢> ~V _ - ~ , Seco dQry biotite and chlorite in 

-i ~eu= ~ j ~ ' ~  formertotol sulfides. Moderately strong alteration.. 
" ~ .~.~...~.'~ ~ D  , ~  $--~'7. ~ ~ 0 ~ P ~ [ , ~ f + ~  I. quartz monzoniteporphyry, diobose . 
1- ! 

+ . l ~ _ f f . £ _ ~ l ~ . . .  , j , a .  " - *  " " ~'- " t (a  • " and locally ingronite. 
. ~ i  " , -a~e~ f r . J ~  ~ / , ~  , ~ , ~ , ~ , ~ -  ~ .~ '~ ;_ '~ ,~#~ : ._~ ' . L~ '~ ° .~ .  ~ '~; , '72":  . . . . . . . . . . . . . . .  

\ ~ " #,.~-,.~...P { c ~ .  ' ~ "#~£ .  ~ ( .  ~ ,  " ~ ' , ~ , ,  # - , o ~  . . . . .  "~....~,,_t, , , C ~ .  ~ < ~ ' ~ ' ~ , ; .  
FeO~ , - - - 2 o 8 5  ..~.,~-~-~.,,.~-,.~,~~ ~ # r ~ - ~  ,.~./. ): ~ , ~ , ~ . . .  

" "~ ~ ~ ~ " ~l :~ " 

. 1.50°/oformer total sulfides. Moderate alteration, t / gu t s  f 

f , . ~ - - ~ - ~  ou /,1t, ~l/,,1t, K I,.,, U 
2260, --6-~-°"°9% ~ ' ~ ! t ~  ~ 1  I" " i.l.~Ol~-PY- Cpy Granite with quartz monzonite porphyry and diabose. Limonite,pynte, . . . . . . . .  

2:526-----L--- chalcopyrite and trace chalcocite. 0.50°/o total sulfides: Moderate alter- S C - 2 2  

2 3 2 6 ' T ,  D.  or ion .  GEOLOGIC LOG - 

! ) z ~  ~ d ~ J ~  ,L ~..r~A~, ~ , E ~  SANTA CRUZ PROJECT 
~ - ~ r ,  ~ ~ a~ CO ASARCO-FREEPORT J.V. 

~ ~,..~, ._:~,;  , ~ _ ~ ,  ~ d..~<~<+<,~F~,~ PINAL CO.,ARIZONA 

~ " 200' 
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SC-23 

COPPER 
INTERCEPTS 

2000' -- 

, c~.'o 
~(~o~ ~ j °  , 

• ~ . , ,  o ~ -  . 

2~o' 
_ ROTARY 2 1 5 5 ' - ~ r ~  . ~ ,  \ / \ -  - -  CORE 

2;>10!____1 ~ 2~oo -- \ .  221d 

; 

2;~0" "~ 
f -  

2 4 0 0 ' - - ' \ / \ . ,  _ZOoOx" 2 4 3 ~  
245d -~'-f"~ S u l f - -  

~ ~ 0 ~ ~ ? ~  ~ t~" , 
\ / I  

\ /  # ,,, i - i o  o 
• --" f ~ "  " t ~ 2 6 5 5  

2671 T.D. 

-v~=~ I== "), z~=v & 6~)="), 
c = = ~ ' ( " ' g ' = ~ - U ,  ~ / 6 =  ") 

~ ,  #~ - ~ • ~..,, ..z,,.. •/..~,~. • 

Conglomerate 

Granite. G o e t h i t e - h e t ~ e a c h e d  ct~opping, l J ~  ~°/o former total sulfide% 

mostly fracture controlled. Moderately ~ alteration. 

Granite. Goethite-hematite~/pping with erratic coooer~ Ca,-,r.4k~/~°xides( ~ l j~y  

atacamite ) and onelO'interval of 3.72% ..copper as chalcocite. 2 .25% 
¢¢ ,~=eF,=i~ l i . 16  ¥ ~ .  l l i l i ' .  

former total sulfides equally in veins and disseminations. Moderately 

Granite. Zone of sulfide enrichment with minor low angle ~ul~'ot t ~  ° 
a" g~i, $~s 

prominent O-20°dipping fault at ~otlp-m.Z% tot.el, sulfides~ pyrite, 
"-i~,#il ' ~ & ~ i l  i l i l e # ,  

chalcopyrite and chalcocite ( I Py: I.SCpy: ICc). Dissemination greater 

then fracture cen1~l. Moderately strong alteration. Composites: Q0205% 

Mo, O.24oz/ton Ag, end 0.001 (=/ten Au. 

Granite. Oominantl~ pr~emary sulfides, pyrite and chalcopyrite( ;3 Cpy: I Py). 

2 %  total sulfides. ?ra~ce to locally weak chalcocite. Moderately strong 

alteration. 

DRILL HOLE SC-23 

2671'T.D. , 1313' Collar Elevation 

Rotary: 0-215~ CXM Dril l ing 

( spot core, 215d-2154' ) 

4-12-75 to 4 -  29-75 

Core: 2154'--2671.' Longyeor Drilling 

5 -10 -75  to 5 -19 -75  

E X P L A N A T I O N  

Conglomerate 

Breccia 

Volcanic agglomerate 

Quartz monzonite porphyry 

Diabose (only thicker dikes shown) 

Granite 

I ~  Fault 

Alteration - Based on degree of replacement 

plagioclase, K-feldspar and biotite 

by primariUy sericite and kaolinite. 

Secondary biotite end chlorite in 

quartz monzonite porphyry,diabase 

and Iocx]lly in granite. 

Total Sulfides - Visual volume precent 

estimatesl 

i ~ =  

figure 8 
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S C - 2 4  
COPPER 

INTERCEPTS DRILL HOLE SC-24  

T.D. ~ 1:315' Collar Elevation 

. I o ?  ol Conglomerate . Rotary: 0-105:5' Hunter-Shelton Drilling 

'0 °° - I ° ~ ; ~  ,ozo , ~ , ~ o ~ f ~ , ~ . , ~ w ~ .  r ~,,~.,~.2~.,_~____~...__. ~.~ ,~- , .~ ,  4-z,-vs to 4-~-v~ 

! ~  =.~ / f . e t . . ,  I :  J~c I . . . .  * Qua~z monzo~ite porphyry wJthJocal granite Goethite-hemotite leached _ _ . , , ^.. .; ; . .  ~ * ' " ] ~ ' ~ "  ,~2=o/ ¶~'~4"~-'1\'+ t>Jlll'~ ~ ' ~  ~ . ~  £ ,~V~ .~ i~ . : . . ~J~ . /~ . , .Y~ .  - - ~ = ~ p . = . , , ~ = ~ . ~ . .  • .. . .  Io_~,.,/L~_,. NX 1448-2441 d ~  D,, lh.~ 
,~ 0 . 0 6  o ~ "  - ~  • ~ --'~ - " ' - / " . ' w ~ -  • ~ - ' : ' ~  ";~ " " " ' ~  ~ ~ 7 i ~ ' .  ~ ~ ,  I ;'.';'1 ,~, ~gpl2~formertot~l-~'~'fi'~d~s: Moderate a~'erotion. ~ . . . . . . . . . . .  

~ . 1 ~ ' ~  V + " I " - - :  . ~ \ ~ T  ~%~.. . "~ " ~  i ~ " ~  ~ ' * " ~ - ~ i , ,  : ~ - k ~ - ~ L " , ~  ~ ,  ~ " ~  ~ , ' ~ -  " ~ .  - - . . . . . . .  
" ~  I ,,oo' 4 +. + I ~.~t~;~;~$u~.~n~.~n~6z~s~nJ~ep~hy~ywithg~niteb~ec'~cia`~tt9rnofin~erv~ ~ ,  . . . . .  " t14~",/#~ ~ - - ~ Z /  ~ ' ~  Ir~¢~.~ 

. . . . - I  J,/=_ IOO. ~ L ~  ' + ;  =l,. l~ml~$~ Chrysocollo ann minor otocamite.in goethite-hematite capping, ivloaerote . . . . . . .  v . . 

,,'ow-~-1------ __ ~ -  ,,'ou altera1,ion. ~li~,~e,~¢.~ l~.~'il, 

i . . . . . .  / , / . ~ 1  Gronitewlm minor quartz moDzonj1,e porpnyry at ~)o.om (~unl'erv.al. Go ethite- - - '~" " ~ "  ", ~ , . 
0.04% 14oo -- \ '  ~,'-~ ~ ~ • ' .~-" ~ 4~'~'~,~, a'('~.~. ~ • 
)'20~4°'70/° 1400 -- ;~/~ hemat_jte le]=~l'~ed cap, p i n g . ~  f o ~ l f l d e s . ~ t e  to a~i~iMr.~tw~.e~, 

I x ~  t I ~ , l l . , l t ! , ! , l l i , , . l~  ~ . _ _ _ .  

I - ~ -. ; ~ml,,~.~~ ~ . ~ ,  _~.,:#.~d~',~,l~ p A ~  ~ ~ ' , , ~ y ~ . f ~ i D ~ . & , t ~ E X P L A N A T I O N  
,~__i_ ~-,~.~p~,,~. ~ ~ ' , , ~ , , ; ~ , , ~ , , , , r , , j ~ ,  
~ l Granite snd quartz monzonite porphyry.Chrysoco'[la with lesser amount of 

• --- ~ qtii~.~r ¢ 

, Gronitt~ewithminorquarl-zmopzonjteporphyry_at!2ottom ofi hterv.al. Go ethite- " - ~ " 

~ '~ hemat_ite le*~o I~ed c o p . p i n g . ~  f o ~ l f i d e s .  ~ t e  to 

moderately strong alteration. ~ ~ . ~ 1 ~  ~ 11' ~ ~11~#. , ~  

",P" - .ff'  . 5 " ,,,.,,¢.,,= , " . .  i ~ ~rani1±e one quartz monzonke porpnyry L, nrysoco'[Io wire lesser amount, m ~ ~ -~ IP*~ I : ) /~ '~ /o ta '~  I, Y ~ " ~ ] k  
I ~  1600', - -~ l l r :~ . l  ~ l l l  . otocomite in goethite-hematite capping. 0.750/0 former total sulfides. I~'.o.'~/-~1 C°ngl°merate.-i~tt,J~¢F/<~'~r 

I10 • "1"1~'/" b i l l  ~-'~ll;r*'l ~ l ~ " t ' ~ "  . = I 

_, n ~t~~ l~lq.dl , Moderate alteration. - .~ , ~.-_tl . . . . . l l " f ~ / , ~  ~--~..-. 
i/~7~ * ~,,win~ ir~ ~ p"~ \ / i J  I, ~ ~-~quor tzmonzon, t~porphyryancrbrecc idso fbo th rock types .  Goeth~te- I ~ . ~ 1  Breccia 

- - - -  . ° ~ ,  ~ a ~ t ,  leachld capping with traces of block CuOx. 2 %  ~ e r  total 

~?1 k - - , 7 ~  s=,,aes, r ~ , y  strong o.75O/o 1. Mode a l t e ra t i on . r ' "  ~ i # ~  & ~ l ~ l & l '  • Volcanic agglomerate 

/ /  I ~>./:-i "! , ' u ' r ' / , ~  gronn'e, unrYsocollO~ in goem~te-nemame capping. I ?o former xomu ~ $ . ~ , ~  , , . f - ~  Quartz monzonite porphyry 

Ass(lying in / Y / ' L ~ , ~ / I # ~ , "  sulfides. Mo(~erote~teration. 2 . ~ o  ' 

I 16.>2"/-I t", L _ I ~ . ~  . - -  , , , ~/-~" ~ : , ~ /  .12": >,IPt~Q,~%-¢ ,¢ . / / ' r , ~ ; % ¢ / / ~  ~ /<.:/3 ~/..~'/al~ ~-<;J , T '<~,  z~',~ - -  Diabase(onlythickerdikesshown) 

/ ~  ~,,e'.." I Granite with a thin diob~se dike and minor local breccios. Chrysocolla ~ Granite 

/ Y,Y"" '~.~ / ~ I and atocomite in diabase dike. Goethite-hematite leached copping 

zoo ~ --I " / "/I  . , with minor local chalcocite remnants. 2°/o former total sulfides. Fault 

l( 5x.xJ:z"I~;~'~,~ Moderat~ alteration. 

2200' ZZ • z ' 
~ . ~  £.,~.w.ALd.(-./~.- .~,.,4___~:4.,'t~ }, .~.,.~- plog~oclase,K-feldspor and biotite 

/ -~ ~./~1:~ <d'zz~-~-< d ' ~ - ~ , I ~ ~ ~ C - t ~ ' )  ~/-~f~' " ~ . ~ , ~ .  z, ~ f r . d .  ~ '~F-~' '= '~,  byprimarillysericiteandkooiinite. 
/ //,&~'/~ -5°° _ Granite with o thin diobo%e dike. Pyrite,chalcocite, end goethite- , , .  ~ .,.,.a, 

~seO/o - ~ '_ , / / I  C c - P y - F e O * ' ~ / ' = / ' ~ , F " ~ " ~ J ~ e ~ o ~ = ~ 3 " : t @  . ' ~ )  ,.~.~.6~,,~ ,~. ."  . 2 ~ / ~ ' ,  .-=,~,. Secondary biotite and chlorite in 
~ 5  C l .  , j , ~  ~ , , / ~ . n e m a t ,  te copp!ng, bu-t~u :/oaf me ,n1,ervolis 1,0Tally oxiaized ann ,eacnea. quartz monzonite porphyry, diabose 

I ""  " / ' -z/~-:~=.J~i..2;O/o former tqtaJ, sulfid#s. M.od.e.rate alteration. / / ~ i ,~r. • p ~  ~ {~c:1._" • and Ioco Uy in granite. 

2 4 2 0 , ~ 0 . 1 9 %  ~ J  - -  242C~ Total Su l f ides-  Visual volume percent 
2441 ~ T ~ Py-cpy Granite~ pyrite~cholcopyrite~ and trace chalcocite. Trace oxidation. = estimates. 

2441'T.D. 2 %  total sulfides ( 6'Py:l Cpy). Moderate alteration. 
" ~  -- ~ -  ~/<;~,~,-.. y ~ - / ~ / - ~ " > d  r - ~ , ~ ' ~  
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flours 13 
( I  of 2 poges) 

GENERALIZED COPPER ENRICHMENT HISTORY 
SANTA CRUZ HORST BLOCK 

p£ g ran i te  Intruded by minor dlabase dikes.  
Crushlng. b recc la t i on ,  and f a u l t l n g  p r i o r  to and contemporaneous 

wi th in t rus ion  o f  quartz monzonite porphyry and associated 
hydrothermal a l t e r a t i o n  and m ine ra l i za t i on .  

Erosion and subsequent leachlng and enrichment as shown In 
Section A on fo l l ow ing  page. 

Horst-graben f a u l t i n g  probably occurred at th is  time. 
Another leaching and enrichment cycle fo l lowed by p a r t i a l  leaching 

o f  the newly formed enrichment b lanket  as shown In Section B. 
Low angle f a u l t l n g  at Sacaton probably occurred at th is  time. 

EXPLANATION FOR SECTIONS A AND B 

Cross sect ions ~ und B show progressive geologic  development ~r 
copper enr ichr~.L  in the Santa Cruz horst  b lock.  The sect ions are 
genera l ized,  ir, t e r p r e t l v e ,  and show only one major f a u l t .  The 
sect ions are NW-SE through SO-19 and SC-16 and are looking NE. 

- ~ ' ~  Loromide Ouortz Monzonito Porphyry (Qmp) 

] 
+ 0.3 °/o Cu o$ Cholcopyrlte Prior to Supergene Enrichment 

~ Leached Copping 

Copper Oxides 

Supergene Cholcocite Enrichment 

Primary Sulfides 



,. figure 13 
(2  of 2 poges) 
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SUMMARY AND CONCLUSIONS 

Recent core drill holes SC-18, -19, -24, and a previous rotary hole, SC-16, 
have encountered a copper oxide deposit in the Santa Cruz horst block 
(Figures I and 2). Core hole SC-23, a step-out hole between Santa Cruz and 
Sacaton, drilled through a chalcocite blanket of unknown lateral extent. 
Significant geologi.c intercepts including internal leached capping are: 

• : -  . . 

. ! ' D e ; t h  " • . . l n t e r v a l  Cu Grade Cu Form .~..~ 

I'~~Q~:-1790 - 120' 0.71% CuOx ~ . ~ q  w 
119 ~..-t~7ZO 577'- " 1, lO% CuOx - - - ~  
1550 2'1820 270' "0.68%b(Est.) CuOx 
1560 -1650 c 90' 1.45%(Est.) CuOx 
2430d-2650 220' 1.27% Chalcocite 

aAbove is 70' @ 1.81% Cu in volcanic agglomerate (1560-1630). 
bAssayed except for 80' estimated at 0.05% Cu. 
CNo assays of cuttings of CuOx from 1650-1770 in SC-16. 
~Overlain by 220' at 0.41% Cu (CuOx and chalcocite). 

Hole 

SC-18 
.SC-19 
SC-24 
SC- I6  
SC-23 

No reserve calculations have been made at this time. However, the grades 
and thicknesses of the copper oxide intercepts and ~.heir projected extent 
are compatible with the tonnages and grades upoi, which the Santa Cruz 
project was reinitiated (subject to modification by the competition's 
acquisition of the Collins' property). ~c~' ,f 

~.~_., d ' 
The Santa Cruz copper oxide deposit is interpreted to be an oxidized .~7 ~ ~r{.,...~ 

faulted off on the northeast and southeast ~c; " ~  chalcoci te enrichment blanket 
sides. SC-23, a step-out hole between Santa Cruz and Sacaton drilled through 
an intact but fault thinned, chalcocite enrichment blanket of unknown extent. 

The Santa Cruz copper oxide deposit and the chalcocite blanket in SC-23 are .. 
part of a large buried sulfide system. The extent of the system is only 
partially defined with the Santa Cruz horst on the southwest, SC-2 just to 
the north, and the Sacaton barren basement complex on the northeast. The 
southeast side is completely open. The Santa Cruz sulfide system is believed r 
to be 12,000 to 20,000' long and at least 2,500' wide..----~u~t t~ ~o.~-}¢,,jio,~,1~ ~I~3~, 

Geologic studies to date suggest a low total sulfide system (2-3% average 
by volume) hosted by Precambrian granite with small Laramide quartz monzonite 
porphyry intrusives. The stronger primary copper mineralization appears to 
have been distributed within 2000' of a large quartz monzonite porphyry mass--- .~3~'~'~"' 
(intercepted in SC-14, -16, -18, -19, and -21). In the portions of the S~,.J1 ~,. I 
sulfide system explored to date, the highest primary grades are interpreted 
to have been about 0.5-0.6% copper prior to oxidation and leaching. 

Multiple cyclic enrichment has produced and destro ey_£_d_chalcocite enrichment 
blankets. -Tn-~S(~L-2-3"~and at Sacaton these enrichment blankets remain. 
Chalcocite blankets in the Santa Cruz horst block, containing a high 
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~ .  "--"~-"m~ GENERAL AREAS TO EXPLORE 
for Potential Enrichment (Cu Ox &/orCc) 

COPPER OXIDE MINERALIZATION 
Estimated Area of + 200 f t ; -%Copper 

CHALCOCITE MINERALIZATION 

Predicted Sea Level Contour of 
Horzt-Graben Faults. Arrow on 
Down Dropped Side. 

north 
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T. 5 S .  

"1". 6 S. 

(~ SIGN FICANT INTERCEI~TS 

SC-18 1670°-120'-O.71 ox ( 2513' T.D.) 

SC-I@ 119 3'- I27'-O.84 ox (2826'T,D) 
1620'- 150'- 2.98 ox 
(Z423' T.D.) - .  

.~..~., - 2 / (2969' TD,) 
( 2526' TO,) 

.,,~C -2~ 24 30'- 220'-1.27 suit (2671'T.D,) 
S C ~ 4  1180'- IOO'-O.51 ox {2441') 

1150°-IIO'-I,10 ox 
2220'-200'-0.58 ¢¢ 

ASSAY DATA KEY 
depth-  length-  % Cu 

1670'- 120 ' -  0.7l 

PLAN M A P  
i 

S A N T A  C R U Z  P R O J E C T  
( A S A R C O -  F R E E P O R T  J O I N T  V E N T U R E )  

Pinol County, Arizona 

SCALE I% I mile 
u ~ v ,h i Iv - I C)?.r'; 
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chalcocite to pyrite ratio, were oxidized without significant leaching to ~ 
form copper oxide deposits. Tile enrichment blankets have been offset'b~ ~G 
horst-graben faulting and more recent low angle (fl_~faulting~acaton d ~ ~  
appears to have been faulted from an unknown position within the Santa Cruz 
sulfide system. 

The results of the"1974-75 drilling program are encouraging and more 
drilling is needed in the Santa Cruz horst block between SC-16, -18, and 
-19; in the SC-23 area; between SC-23 and Sacaton; and in the area south--~liSp ~J~at'' 
and east of SC-16 (Sections ]7 and 19) as outlined in Figure I. Testing 
of the latter three areas would require additional land acquisition. 
Exploration in these thre~e are~e_.~=a_s is enhanced by the potential for chalco- ~C~__ 
cite mineralization rather than copper o x i d e ~ m i ~ ~ ~  

38,364' of drill'ing was done in the 1964-1965 Santa Cruz drilling program 
and 18,484' in the recent 1974-1975 program, for a total of 56,848'. 
Although very little is known about Newmont's exploration program, it is 
guesstimated at 15,000' of rotary-core drilling. 

INTRODUCTION 

The discovery of the Santa Cruz sulfide sy~.tem was made by Asarco in 
September-October I~64 while exploring for the Sacaton "roots" along 
Sacaton's southwest trend. The exploration program drilled SC-I through 
SC-17 from mid-1964 to mid-1965. In mid-1965 Asarco's land position was 
dropped. 

During late 1970 and early 1971 Asarco attempted to reestablish its .land 
position following a favorable geologic report by Bruce Kilpatrick (October 
5, 1970). No land was acquired during the follow,ng years. In ~uly 1974 
Asarco and Freeport Exploration Company entered into a joint exploration 
agreement. During October 1974 Freeport purchased North American Acceptance 
Corporation land rn and about the area of previous drilling in Section 13 
(T6S R5E). Asarco commenced drilling in October 1974 and continued to the 
end of June 1975. Holes SC-18 through SC-24 were drilled during this time. 

Ore grade and potentially economic copper intercepts have been encountered 
in four holes of the recent drilling program. Geologic interpretation of 
the past and recent drilling results has resulted in a reasonable under- 
standing of the former primary mineralization, enrichment.cycles, copper 
oxide deposit formation, and offsetting fault structures. The purpose of 
this report is to highlight tile results of the recent drilling program and 
tile geologic interpretation resulting from studies since October 1974. 

J j. 
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DRILLING RESULTS 

The 1964-1965 drilling program consisted of 17 holes totalling 38,364' of 
rotary and core drilling (Santa Cruz Summary Report, J. Wojcik, May 1966). 
During the recent program seven holes and one wedged hole (SC-21W) wel:e 
completed, for a total drilling footage of 18,484' (I0,083' of rotary 
drilling and 8,401' of core drilling). The footages of the recent program 
are detailed in the following table. 

TOTAL RECENT DRILLING 

Drill llole Rotary Core Total 
SC-18 1,505' 1,008' 2,513'(T.D.) 
SC-19 1,205 1,621 2,826 (T.D.) 
SC-20 1,206 1,217 2,423 (T.D.) 
SC-21 -2,364 605 2,969 (T.D.) 
SC-21W -O- 315 315 (2,417'T.D.) 
$C-22 600 1,726 2,32G (T.D.) 
SC-23 2,150 521 2,671 (T.D.) 
5C-24 1,053 1,388 . 2,441 (T.D.) 

Total 10,083' 8,401' 18,484' 

Norm Whaley's calculations (work sheets dated July 30, 1975) show Joy cored 
5,240' at an average cost of $15.92/ft. and Longyear coped 3,162' at an 
average cost of $21.87/ft. (mud and lost casing costs included in both 
figures). On a comparison b~sis, the costs would be $16/ft, for Joy versus 
an estimated $I~ to ~l~.50/ft. for Longyear, adjusting for depth, core size, 
number of rigs, mud experimentation, wedging, end minimum footage bid 
(Asarco supervision and overhead not included). From Whaley's calculations, 
it dan be found that Joy drilled at an average rate of 27 ft./calendar day 
and Longyear averaged 41 ft./calendar day, adjusted for wedging time only. 
Hunter-Shelton rotary drilled at an average post of $6.79/ft. and CXM 
Drilling averaged $11.09/ft. (not adjusted for comparison). 

The results of the individual holes are summarized in the following table 
and Figures 3 through 9. Graphic summary logs of the detailed logging- 
sheets are in Appendix I. Factual and interpretive p~i~ts of interest for 
each hole are noted in the following paragraphs. .(,..=.i. ~&c-}iO~.: S A.~_~-&e_~ 

Hole 
SC-18 
SC-19 

SC-23 

SC-24 

Note : 

SELECTED COPPER INTERCEPTS 
(Geologic Cutoff Grades, Approx. 0.3% Cu) 

From To Interval Coppe Co_pperMinerals 
1670' 1790' 120' 0.71% Chrysocolla 
I193 1320 127 0.84 Chrysocolla & 

AtacamiUe 
1620 1770 150 2.98 Atacamlte 
2430 2650 220 1.27 Chalcoclte & 
, Chalcopyrit~ 
1180 1280 I00 0.51 Chrysocolla 
1550 1660 II0 l.lO Chrysocolla & 

Atacamlta 
1740 $820 80 0.73 Chrysocolla 

"2220 2420 200 0.58 Chalcoclte 

SC-13. -14, and -16 of the 1964-1965 d r i l l i ng  program 
contained slgnlf lcant copper Intercepts of questlonablo 
grade (rotary cuttings) and some Intercepts wero not 
assayed. 
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-I  : \ D r i l  hole SC-18 (Figure3)  went from conglomerate into bedrock 
a--cToss~ fault at a depth of 1,560'. This fault is interpreted to have 
removed, about a 900' thickness of capping containing an estimated 100-1.50' 
thick blanket of copper oxides aver, aging 0.5-0.8% total copper. 

From 1,560 to 1,630'. was 70' ~ ° ~ " a ~ t  1.817o copper (ch rysoco l la )  hos ted . ln  
a l t e red  vo lcan ic  agglomeratE. The nature of  the host rock and i t s  l i m i t e d  " ,~•.X~. 
distribution within enrichment blankets suggests that the thickness and .~;~ 
definitely the grade should be discounted for projections over I00' distant 
from SC-18. 

/ 
/ 

An anomalous abundance of breccia (mostly in granite) and high former total ,&o 
sulfides yield at depth to typical[y low grade (0,2% Cu), moderately weakly ~(xq~ ~ 
altered quartz monzonite porphyry [aplitic groundmass). SC-18 penetrated ~.~ ~I~" 

• -- - -  (,I mar " ~ ~ quartz monzonite porphyry with prl y sulfides at a depth above copper ~ 
oxide and chalcocite enrichment blankets that project from SC-19 to SC-14 
and are seen in SC-24 as a 50% leached chalcocite blanket. 

• ~ SC-19: D r i l l  hole SC-19 in te rcepted  (590 fee t -percen t  copr, er. enrichment . ~ t $ ' ~ 4  
in the form of copper oxides and minor Chalcocite (Figure 4) The feet/~ i~,cz-~ 

. . . . .  ,, , ~ " . ~ C ~ - ~  ¢~-" ~ .  ~ percent copper in SC-19 is g rea te r  than near~y a , ,  the holes at Sacator.  .--.~ ~,--.'.., 
~ b u t  the economic p o t e n t i a l  is less because the zcqes of  cop~er are w ide ly  ~ I  .;iL~ 

~ %~'separat .ed by leached capping. The.hole bottome.d in low gracJe, weakly " ~ * [ ~ 6 ~  ~ 
~(,.~ altered quartz monzonite porphyry (aplitic groundmass). The suggested ~bt ~ 
~Ax interpretation of the. former primary grades and the supergene redistribution I, ~L.~. 
x~f copper values are shown in Figure.j 0: In .general copper intercepts in o~{~..t 

~,~ SC-19 correlate nearly horizontally with int.ercepts in SC-24, SC-18; SC-16, ~;~,~.s~i 
and SC-14. ~-~? ~'Y~-I • . . . q ' ~  9:~, ( 

SC-20: The geology of SC-20 (Figure 5) is divided into two distinct domains 
that are separated by a fault at 2,150'. Above the fault the former total ~.-.i ~ 
sulfides averaged about I% by volume in moderately strongly altered granite .~\,ti~ 
and about 57o in strongly altered granite breccia intervals From about \~ "\+ • -~,. ,4~. 

,, oo <o hem <,<e o,<e," oyr,<e.. 
the fault at 2,150' the granite is weakly altered with low (3/4%) f0rme"~r ~ o,~j ct' 
total sulfides. The hole bottomed in leached capping. (50 feet of rods lost 
in hole at a depth of 1,300'). 

SC-21 and SC-21W: The suggested interpretation of the geology of SC-21 and 
SC'21"W'('Figu're "6) is shown in Figure II, Remnant enriched sulfides are 
intermixed with limonites beneath thoroughly leached cappi'ng and separate_d_..-~-~J°~ 
by faulting from the top of the primary sulfides. The hole bottomed in " ..q(~k, ~ 
typically low grade copper, weakly altered quartz monzonite porphyry %'~.,i,, ,J ~ 
!aplitic groundmass). An apparent increase in molybdenite with denth .!¥-,--~" ~ 
[see log ,n, Appendlx I) is noteworthy and could reflect a change in the 
geology below the'bottom of SC-21. 

• . . . . .' . .~ , " " ~  
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SC-22: SC-22 (Figure 7) penetrated only local trace amounts of CuOx and / 
of weak chalcocite enrichment that have experienced about 60% / ~two zones 

leaching. It appears that the pyrite to copper sulfide ratio, both in th~ / 
former primary sulfides and in the enrichment zones, remained very high. / 
Reconstruction of the two enrichment horizons prior to leaching at 1,510' 
to 1,600' and 2,080' to 2,240' suggests 90' at 0.5% and 160' at 0.3% total 
copper, respectivel;.'y. The last 80' of SC-22 encountered weakly oxidized, 
unenriched primary sulfides. No zone of stable enrichment was penetrated 
by the depth of 2,326', the bottom of the hole. 

SC-23: Drill hole SC-23 (Figure 8) has encountered the strongest, most 
pervasive sericite alteration of all the Santa Cruz drill holes to date 
(exclusive of strong alteration associated with breccia). Plagioclase and 
biotite are totally replaced, and K-feldspar is weakly to moderately replaced. . ~I~ 

~~..L~/there was much more drill core evidence of flat faulting in SC-23- b~ 
~ a n y  of the holes in the Santa Cruz horst block. The chalcocite 
enrichment zone in SC-23 was bottomed by a 0-20 ° dipping fault. Prior to 
enrichment the last 250' of SC-23 appears to have had a primary grade of 
O.5% copper. 

SC-24: Drill hole SC-24 (Figure 9) found the co~g!omerate-bedrock contact - ~ ~  I~'~ - 
350' lower than projected from SC-22 and SC-I~ sugges-ting a fault between 
SC-19 and SC-24. As previously discussed, the copper oxiae intercepts in 
SC-24 correlate with intercepts in SC-19, -16, and -18. 

SC-24 encountered a chalcocite enrichment blanket that was 50% leached; from 
2,220' to 2,420' was a 200' thickness of 0.58% copper as chalcocite with 
no copper oxides. The enriched grade prior to leaching is estimated at 
slightly greater than I% copper. The top of this blanket correlates with 
the top of significant chalcocite enrichment in SC-13 which occurred at a 
depth of 2,250' (St-13 bottomed at 2,286'). 

SC-24 bottomed in moderately altered granite with weakly oxidized pyrite 
and r !_t_e. 

-. . . . . . . . . . . . . . . . . . . . .  

SANTA CRUZ SULFIDE SYSTEM 

The Santa Cruz copper deposit is a horst block of part of a large buried 
sulfide system. The extent of the system is only partially defined with 
the Santa Cruz horst on the west, SC-2 just to the north, and the Sacaton 
barren basement complex on the east. 

Geologic studies to date suggest a low total sulfide system (2-3% average 
by volume) hosted by Precambrian granite with small Laramide quartz monzonlte 
porphyry intrusives. The stronger primary copper mineralization appears to 
have been distributed within 2,000' of a large quartz monzonite porphyry 



• f,~<~" i 

., ~ ~t,~ '~ ,,+ 

• V " 

• . /  . ~ > : , j ~ \ . s %  < 
mass• In the portions Of the sulfide system explored/to date, the highest x a0~v r~ 
primary grades are estimated to have been about O 5-0~6% copper Figu're 12" o~ 
shows the interpreted vertical and horizontal zoning of alteration and 
primary mineralization as related to the appaj~eentTquartz monzonite intrusive 
at depth. 

Multiple cyclic ~ ~ h a s  produced and destroyed chalcocite enrichment 
~\- ~ , ~ . I ~  

blankets. In SC-23 and at Sacaton these enricZ~ment blankets remain. 
Chalcocite blankets in .the Santa Cruz horst block, however, contained a 
high chalcocite to pyrite ratio and were oxidized without significant. 
leaching to form copper oxide deposits. The enrichment blankets have been 
offset by horst-graben faulting. More recent low angle (flat) faulting 
is seen in SC-23 and at Sacaton. 

The factual and interpretive geology of the Santa Cruz sulfide system is 
detailed in outline .form in Appendix If. Figure 13 depicts a simplified 
interpretive version of the copper enrichment history of the Santa Cruz 
horst block• 

i 
i 
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ASARCO Incorporated 
Tucson Arizona 

September 16, 1975 

TO: R.B. Cummings 

FROM: W.L, Kurtz 

On September lOth I discussed with you the des i rab i l i t y  of your 
par t ic ipat ing with Messrs. Sell and Kreis in a short intensive study 
of the Santa Cruz-Sacaton mineralization and structural problem. 

Monday, September 22nd would be a convenient s ta r t i ng  date and I 
would contemplate 10 working days fo r  the study. 

If additional time is necessary, I would anticipate your helping on 
a consulting type basis - -  an hour or two now and then. 

WLK: vh 

co: R.B. Meen 
T. Edwards 
,I.D. Sel I 

W.L. Kurtz 



Interpretation of the relogging of the core ana rotary samples auring 

the Santa Cruz Studies by Kreis, Cummings, and Sell has suggested that in the 

horst block area the quartz monzonite porphyry intrusive was emplaced along an 

older structural zone. 

The zone, here named the SC zone, is characterized by the abundance of 

thin diabase dikes cutting slices of Precambrian granite with thin breccia 
~r 

zones and faulting ap a ~ t  as subparallel planar structures. The SC zone ~-~ 

presently strikes in a general N60°E direction and dips around 40 ° north- 

westerly. It is expressed between hole SC-18 on the northeast to SC=20 on the ~(_~)'=~ 

southwest, a distance of over 4000 feet. It is probably offset 2000 ft. to 

the south between holes SC-20 and SC-12 by the Westside fault which strikes -- .~) 

N30°-35°W and dips 45 ° southwesterly. The SC zone is suggested to pass through 
~ft-, 

hole SC-4 and extendible--further to the southwest. 

In Laramide time the SC zone was the site of renewed movement along the 

faults. Dikes of various porphyry rocks and thicker masses of quartz monzonite 

porphyry, as well as breccia masses, were emplaced along the zone and 

principally in the hanging wall of the Precambrian SC zone. The dikes and 

masses are again mainly subparallel to the planar fabric established during the ~_~ 

Precambrian events. In the footwall of the SC zone, Precambrian granite is 

found high and to the west where it is quite massive)although cut by a few 

diabase dikes which generally have intrusive contacts. Easterly and at depth 

in the footwall of the SC zone is the Laramide quartz monzonlte porphyry. 

The porphyry was in part guided into its emplacement by the SC zone and, ~j 

although crushed and faulted at the boundary, is most often a massive unlt 
) 

below the SC zone. 
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The SC zone, on i ts  nor thwester ly  or hanging wall  s ide, is the s i t e  fo r  

extensive f a u l t i n g ,  b recc ia t ion , -and f l u i d l z a t i o n  of  various Precambrlan 

gran i te  and Laramide quartz fe ldspar porphyry,  hornblende porphyry)and various 

quartz monzonite porphyry uni ts  which genera l ly  show a preference for  steeper 

contacts. The fluidized zones generally do not mix rock types and exhibit (~ 

all degrees of fluidization and brecciation wi~thin the units. Diabase, in 

general, was not found with a fluidized textureyalthough in SC-22 a mixed zone 

of quartz monzonite porphyry and granite had a minor amount of "dark volcanic" 

and recognizable diabase inclusions. 

The zone of massive fluidization and brecciation is noted in holes SC-14, 
~£~ 

18, 19, 22, and 24. Outside the zone4numerous zones of narrow fluidization 

and "internally disintegrated" rock. These narrow zones are found both in 

the hanging wall granite and in the footwall granite and quartz monzonite 

porphyry. 

The Santa Cruz horst is bounded on the east by the Eastside fault. This 

structure strikes N20°-25°W and dips 45 ° northeasterly. Little data is 

available east of the fault, but it appears to offset the SC zone and the 

extensive fluidized zone to the north for an unknown distance. As noted, the 

fluidized and brecciated zone, as exemplified in SC-18 and interpreted for 

SC-14, is cut by the Eastside fault. The northward offset may amount to 

around 2000-2500 feet, with the SC zone going to the northeast between 

holes SC-21 and SC-23. 

Coincident with the extensive fluidlzed and brecciated zone is the 

occurrence of higher values of molybdenum contouring outward from hole SC-24 

and a higher center of  primary copper grades contour ing outward from holes 

SC-18 and SC-24. Undoubtedly the original grade within this zone was responsible 

for the better development of a chalcocite blanket lwhich was subsequently 

modified and converted Into the "copper oxide" blankets as presently known. 
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In the Santa Cruz horst area the massive quartz monzonite porphyry is 

known to extend up to an elevation of minus 420 feet below sea level on the 

footwa]l side of the SC zone. On the hanging wall side, dike-type units of 

similar quartz monzonite porphyry were first encountered at an elevation of 

minus 870 feet below sea level. Precambrian granite is known to extend to a 

depth of minus I169 feet below sea level on th~ hanging wall side. 

The various dikes and masses of hornblende porphyry, hornblende feldspar 

porphyry, quartz feldspar porphyry, grey quartz monzonite porphyry, black 

quartz monzonlte porphyry, and various textures of quartz monzonite porphyry 

found in the hanging wall of the SC zone probably reflect a monzonrtic source 

area at depth. The occurrence of massive quartz monzonite porphyry at a 

higher level in the footwall of the SC zone is probably the result of a) a 

higher level of intrusion of the monzonite mass along the weak zone exemplified 

by the diabase and faulting in the Precambrian granite, and b) some faulting 

along the contact which downdropped the hanging wall units both before and 

after the influx of the Laramide fluidization and brecciation event. 

The area of fluidization, brecciation, and mineralization around holes 

SC-18 and SC-24 is regarded as a center of activity. A second center of 

mineralization is suggested in the vicinity of hole SC-4 where fluidization, 

better alteration, and higher molybdenum values are noted. Hole SC-23 to the 

northeast is regarded as a third area of contrasting alteration-mineralizatlon- 

tectonic style. 
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I n t roduct i on 

The locat ion-p lan map of the Santa Cruz pro ject  is shown in Figure l -- 

(MVI~-2878) (same as HGK Fig. l ) .  In September of las t  year, a relogglng- 

reevaluat ion of  the project  d r i l l  resul ts  was i n i t i a t e d  by Krels, Cummings, 

and Sel l .  The main emphasis of study was the Santa Cruz horst b l o c k , - t h e  area 

of  major d r i l l i n g  and s i g n i f i c a n t  resu l ts ,  centered around d r i l l  holes SC-22, 

-19, and -24. 

Fau I t ing 

Logging and const ra in ts  have suggested a'number of  f au l t  s t ructures in the 
. . . . . . . .  " ' ~ .  

horst  block area (Figure 2). Basically, in terpreted is an o lder  Precambrian 
. . . . .  . - -  - . - = .  - - ; ~  - - -  _ - -  - _ - .  

f au l t  t rend, here named the SC zone, which s t r i kes  N60°E and dips 40 ° north-  

wester ly .  The SC zone horst block is cut ,  downdropped, and l a t e r a l l y  t rans la ted 

by three major s t ruc tu res :  l) the westside fau l t jwh ich  s t r i kes  N300-35°W - 
r .  

and dips 45 ° southwesterly and o f fse ts  the SC zone some 2000 feet to the south; 
• _ T - - - .  . . ' - .  

2) the eastside fau l t /wh ich  s t r i kes  N30°-25°W and dips 45 ° northeasterly~ o f fse ts  

the SC zone to the north an unknown distance, but probably between 2000 and 

2500 feet ;  and 3) the southslde f a u l t ,  which is in terpreted to cut the westside 

and eastside s t ruc tu res ,  s t r i kes  N55°-60°E and dlps steeply to the southeast. 

The southside f au l t  may bea  series of  s t ructures which cumulat ively downdrop 
_ -_~-- - _ ~ "  T _  . - Z  

the south side of  the horst block in excess of three thousand feet .  A four th 
-. • • . . . .  z . . . . . . .  

f a u l t  s t ruc tu re  was cut in hole Sc-21 and is in terpreted to terminate at the 

eastslde f a u l t  while s t r i k i n g  N60°E and dipping 50 ° southeaster ly .  

Present d r i l l  hole data and three point  resol~utions do not permit the 

precise determinat ion of  the fau l t  d i rec t ions  and dips. I t  is known that  

var ia t ions  ex is t  and the above f igures re f l ec t  the general trends of  the 

s t ruc tu res .  
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SC Zone 

The SC zone is a totally complex structural~intrusive zone extending 

from Precambrian thru post-Laramide time. -.- 

During Precambrian time, large masses of granite were emplaced In 

central Arizona in contact with Pinal Schist. The Santa Cruz area appears ~_÷ 

to be within the granitic mass and the earliest SC zone was characterized 

by shearing and breakage along the N60°E trend. Part of the zone of weakness 

was utilized by the emplacement of thin, planar, intrusive diabase dikes having 

chilled border.s. 

Figures 3 and 4 are plan maps of the minus 500-foot elevation below sea 

level and minus lO00-foot elevation below sea level, respectively, in the area 

of study. As noted, in the northwest side of the SC structure, thin diabase 

dikes were encountered in nearly each hole in the area. A profusion of slips, 

faults, and crushed zones is also apparent which appears to belong to the 

Precambrian fracture system and ~ again mainly in the northwest or hanging 

wall of the SC structure. In the southeast or footwall of:the SC structure, .... 

the Precambrlan granite is essentially a massive, unbroken unit with two 

discrete diabase dike intercepts in hole SC-24. It is realized that the 

sparslty of drill intercepts into the footwall area of the SC zone does not 

permit a clarified picture, but there seems little doubt that the hang'ing wall 

side of the SC structure as now known was the site of multlple diabase dikes 

and much more abundant fracturing and faulting. 

In Laramide time a mass of quartz monzonite porphyry was emplacedjand 

it appears to be guided by part of the older SC zone. As presently known In 

the southeast Or footwall side, massive quartz monzonite porphyry was intruded 

to a fairly hig~ level in the viclnrty of holes SC-14, -16, and -18, and several 

discrete black qmp and black feldspar porphyry dikes were emplaced In the 

Precambrian granite further west. In the hanging wall side of the SC structure, 
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numerous thin zones of quartz monzonlte porphyry with a number of textural 

variations were emplaced in the sheared granitic terrain._ Also in the-- 

hanging wall side, extensive brecciation and fluidization of Precambrlan 

granite and Laramide quartz monzonite porphyry were involved. The fluidiza- 

tion exhibits all degrees of intensities and involvement, but in general-is 

restricted to single units and, although granite and qmp may alternate in 

relatively thin apparently planar-slices and each is fluidized, the flu.idiza- 

tion generally did not mix rock types. Although the diabase is assigned to 

the Precambrian and the fluidization as a Laramide event, diabase was rarely 

found to exhibit fluidization features except very locally along contacts.~ 

Post-fiuidization fracturing and faulting are common features and occur-~ ~,-~ 

within the expanded fluidized SC zone. Apparently late hornblende porphyryi 

quartz feldspar porphyry, and various darker quartz monzonite porphyries were 

emplaced late in the fluidization sequence. Much of the fluidized and late 

diking appear to favor steeper structural zones than the diabase and more::.-:" -: 

planar qmp zones. :-":---- 

In the foptwal] side of the SC structure, rare fluidization was noted. 

A fluidized qmp dike was noted in drill hole SC-4 while a small fluidized 

structure of Precambrian granite was found in hole SC-24.- -~ -------- _" 

To recap, a cross section of the SC zone has been constructed through - 

drill holes SC-22,-19, and -24. Figure 5 shows the SC structure asia fault 

(colored blue) with massive granite and qmp below on the footwall side. 

Minor crushing and shearing with gouge development are also noted along.:the 

fault structure and somewhat" below. Several, gently dipping diabase dikes 

and one steeper fl ui dized grani te st ructure are al so shown- in- the footwal ~-:--c 

block. This massive characteristic is sharply changed across-the.fault; ---. --.--~' 

structure and in the hanging wall side a complex intrusive:sequence of granite, 



-7- 

diabase, and various porphyries, a11 highly fractured, brecciated, and fluidized 

to various degrees and involvement; is found to extend some distance away from 

the fault at the base of the sequence. In the upper part of drill hole SC-19 

and the bottom of hole SC-22 are found "internally crushed" granite masses cut 

by dlabase and qmp dikes dipping at moderate angles. In hole SC-22, the 

majority of the hole contains highly brecciated and fluidized units of granite 

and various porphyries. The top of the brecciated and fluidized group is 

marked by a strong fault containing gouge and breccia, and above the fault is 

massive, weakly shattered granite. The entTre zone of brecciated and fluidized 

units is called the SC zone. 

Figure 6 separates the non-brecciated, brecciated, and fluidized granite 

and porphyries. Drill hole SC-22 was terminated between the two intrusive 

complex groups, and no data Ts available i.n other holes to confirm the depth 

configuration of the intrusive complex. 

Hi neral ization 

Mineralization within the Santa Cruz system as presently known can be 

divided into four groups: l) primary sulfides of pyrite and chalcopyritet 

2) a chalcocite zone, often partially leached; 3) a first remnant chalcocite 

with pyrite zone, often highly leached; and 4) the "oxlde copper" zone of 

chrysocolla, brochantlte, and atacamlte. 

Figure 7 is the cross-section of holes SC-22, -19, and.-24 with the 

above four zones as intercepted. Hole SC-22 did not intercept any oxide 

copper but found a remnant leached chalcocite-pyrite zone and; further In 

depth) a leached chalcocite zone before terminating in partially leached 

primary pyrite-chalcopyrite. Hole SC-19 intercepted three distinct oxide 

copper zones, then a highly leacl~ed zone with sparse remnant chalcocite 

containing an oxide C'<5pper band at its base, then a leached chalcoclte zone 
" . ~'.~.~ ". -. 

• • . ......, 
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terminating at a fault (the SC fault) where unleached pyrite-chalcopyrite 

was encountered to the terminated depth. Hole SC-24 also intercepted three 

oxide copper zones, then penetrated :the SC fault, after which the hole Wen{ 

into highly leached remnant chalcocite-pyrit~ followed by a distinct chalcoci'te 

zone which bottomed in partially leached and chalcocite-enriched primary value~ 

and terminated in primary pyrite-chalcopyrite values. 

Interpretation of this information would suggest a moderate dip to the 

top of the primary pyrite-chalcopyrite value~which are interpreted to be 

subparallel to the top of the chalcocite zone drawn between holes SC-22 and 

-19. Likewise, the line connecting the top of the first remnant chalcocite- 

pyri.te zone is compatible to the-lower two surfaces. -In Figure 7, the dip 

assigned to hole SC-24 is determined byassociation and other control described 

b e l o w .  : - • - . . . . .  ~ -  - . -  - . . . . . . . . .  ~ c ~ _ . -  

The oxide copper zones roughly fall at the same elevation but, as shown 

in Figure 7, appear to be somewhat irregular and are assigned a flatfish dip 

and probably reflect redistribution to the present bedrock surface. 

Figure 8 is a plan map.showing interpreted structural contours on the 

top~f the oxide copper zone as penetrated in the drilling. As contoured, the 

i 

top of the zone is a rather sharp r!dge which slopes away i n..three direction~ 

and which appears to reflect the rock.surface contours. A further modification 

is along the Eastside fault where volcanics and granite appear to be along the 

f a u l t  s u r f a c e  a n d  h a v e  a c t e d  a s  a t r a p  o r _ s p o n g e  f o r  t h e  o x i d e  c o p p e r  v a l u e s .  
. .  _ - =  

The top of the first remnant chalcoCite with pyrite can also be contoured 

and is shown on F i g u r e  9.  The c o n t o u r i n g  i s  s e p a r a t e d  i n t o  s e c t o r s  based  on 

t he  f a u l t i n g  and o f f s e t s ,  as we l l  as hagging. .agd,  f g o t w a l l  s e c t o r s  o f  t h e  SC 

I 

z o n e .  In the  main a r e a  o f  t h e  h a n g i o g  wal l  s e c t o r ,  f o u r  c o n t r o l  p o i n t s  a re  
- -  ~ . . . .  ' - ~  ~ ' - - ~ "  ' "  . . . . .  2 . ~ . . ~  

a v a i l a b l e  and c o n t o u r i n g  s u g g e s t s  a s l l g h t  bowing Of the  s u r f a c e  s u b p a r a l l e l  
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• .. .. 

to the SC fault trace and dipping around 20 ° to the southeast. In the footwall 

of the SC fault two points are availabl~ but hole SC-24 is in fault contact 

with the first remnant chalcocite-pyrite zone and hence the true thickness is 

unknown. The contours are drawn in the footwall based on the 250-foot thick-" 

ness in hole SC-13. However, as suggested in the hanging wall block, the 

thickness increases from west to east across the block, and if this is true 

in the footwall block then any increase in thickness would move the contours 

to the sout~ as shown by the plus (+) mark~ and the final configuration would 

be subparallel on both sides of the SC fault. Note that there is over lO0 feet 

of displacement across the fault~with the hanging wall down in relation to the 

footwall. This is also reflected in the cross-section of Figure 7. 

Only one point is available in the block containing hole SC-4, but does 

exhibit the lateral offset of contours from the adjacent blocks. 

top of the chalcocite zone contours is shown in Figure 10. On the ~(~/) The 

hanging wall side of the SC fault, three points afford some control and reflect 

a 25 ° southeast dipping surface subparallel to the SC fault. On the footwall 

side, only one clear data point is availabl%with constraints placed by the 

use of three additional points. The construction suggests the same subparallel 

strike direction, but the surface probably dips much shallower at around lO ° 

to the southeast. T~YY~t~/w~oted in the quartz monzonite porphyry at the 

bottom of hole SC-16. The depth does not conform to the contouring and is 

presently anomalous. The pyrite could reflect a part of the remnant 

chalcocite-pyrite zone but would again be at an elevation higher than the 

contourable data, or more probably it reflects a non-leached and non-enriched 

area. Possibly other complicat ing f au l t  s t ructures are present and they 

would c l a r i f y  the data. 
. 

Again, hole SC-4 is a s ingle control  point but emphasizes the o f f se t  

feature.  
J 
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Figure 11 lists the elevation of the primary sulfides with comments 

in each hole of the Santa. Cruz study area.._As the various structures offset 

the top of the surface and few holes have contacts represented by the base of 

the chalcocite zone for reference, the data is not contoured. It should be 

noted, however, that holes SC-14, -18, and -19 all encountered unleached 

sulfides immediately below the SC fault. Also, hole SC-15 encountered primary 

sulfide at and in the basal structures of the Eastside fault (dipping easterly), 

while hole SC-21 entered primary sulfides below an interpreted south dipping t 

f a u l t .  - : : . . . . . . . . . .  

Centers of Intrusive Activity and Mineralization 

As exemplified on the plan maps of Figures 3 and 4, and the cross- 

section of Figures 5 and 6, the area containing holes SC-14, -18, -19, -22, 

and -24 is one of extensive brecciation and fluidization of Precambrlan and 

Laramide units. Eastward .the intrusive complex zone is cut and displaced by 

the Eastside fault, to the south it terminates against the SC fault, west- 
=_. - ~'. " i . "--.-~ . _ 2 2 - - -  : " "  

ward it apparently becomes narrower and less complicated, whileto the north 
t 

it terminates in a high angled fault zone against Precambrlan granite. A 

center for the extensive fluidization would appear to be around the 

hole SC-14, -18 " - -  : . . . .  . . . . . . . . .  -= ~ =  =- , and -19 area a n d J ~ - ~  d i sp laced  on the east  s ide .  

A massive qmp-gran i te  con tac t  occurs on the f o o t w a l l  s ide of  the SC 

f a u l t  and had l i t t l e  f l u i d i z a t l o n  and b r e c c i a t i o n  assoc ia ted  w i th  the con tac t .  
- . . _ _  . _  . 

Scat te red  molybdenum values have been ob ta ined  from both the r 6 t a r y  and 
. 2 . : - . _ - - - 

core d r i l l i n g .  F igure 12 p l o t s  the ~noly values in un i t s  above the SC f a u l t .  

A p a r t i a l  c l o s u r % w i t h  a high o f  p lus 150 ppm~can be drawn in the v l c i n i t y  o f  
. . . . . . . . .  2 . . . . . . . . . . .  

holes  SC-18, -19 ,  -22 ,  and -24 ,  the same area as the  ex tens i ve  brecciat ion 
i 

and f l u i d i z a t i o n  f e a t u r e s .  Another  t i g h t e r  c losu re  o f  p lus 100 ppm i s  

suggested f o r  the hole SC-4 area• A p o s s i b l e  e a s t e r l y  ax l s / sugges ted  f o r  

the l a r g e r  c l o s u r e .  

/ 
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In the footwall of the SC fau]t, Figure 13, a closure is suggestive in 

the holes SC-18 and -24 area with less than 100 ppm. Very low values-are recorded 

in hole SC-4 area. Across the Eastside fault in hole SC-21, the progressive- 

increase Tn moly values at depth suggestseither a new center or an offset 

continuation of the hole~SC-18 and -24 closure. A more northeasterly axial 

trend is suggested subparallel to the SC structural zone. 
a re 

Also shown on Figure 13 ~£ the copper values found in the primary zone 

intercepted in the drill holes. T-h4-s data, mainly in the footwall block of the 

SC fault, indicate~t the highest copper values are in the general high moly 

a rea. 

Another type of mineral center is suggested in the overal l  d i s t r i b u t i o n  

of  the copper oxides. Figure 8 shows that  hole SC-20 and -24 have chrysocol la 

as the oxide mineral, whereas hole SC-18 has predomlnatly chrysocol la with 
q 

b rochant i te ,  whi le SC-19 has chrysocol la with ~ H ~ u ~ x ~ e .  Further 

outs ide th is  grouping of holes, on the east SC-14 and -16 show b rochan t i t e  

greater  than ant~'!,e~'ite, whi le to the southwest SC-13 shows a n t ~ i t e  predominantly 

over brochantite and chrysoGolla. 

Chrysocolla is also the mineral type in the area of SC-4. 
c 

The high copper oxide values (plus I%) in holes SC-16 and -18 occur in 

volcanic agglomerate mixed with granite breccia. A volcanic agglomerate dike 

is noted lower in hole SC-18 and was highly altered and also contained plus l~; 

copper oxide values. Similar volcanic agglomerate and granite breccia were 

apparently intercepted in the rotary hole SC-15j and there the copper values 

were predominantly chalcocite. 

The role of  the h igh ly  a l te red volcanic agglomerate as a s i te  minera l iza t ion 
_. : - _ :-_co: :- . 

is open to quest ion, but one thoLtght is that  the volcanic agglomerate was 
- - " 2 ; -Z : -  - E 

e s s e n t i a l l y  emplaced along the Eastsi.de f a u l t  l ine and avai lab le to the 
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early enrichment cycle of migrated chalcocite. The chalcocite was later 

downdropped to the present level on the eas~ and the chalcocite on the upthrown 

side was subsequently oxidized in place to form the oxide Values as now 

known. 

Exploration Targets 

The excellent alteration, leached capping, and chalcocite zone found in 

hole SC-23, a mile and one quarter northeast of hole SC-14, is a distinct and 

.--~ 
separate entity from the Santa Cruz horst area. The flat fault complications 

cannot be resolved with the single data poin~and the thin interval of chalco- 

pyrite intercepted just prior to the termination of the hole is a tantalizing 

feature. Additional di'illing in this area should have the greatest priority. 

The concept of a Precambrian zone of weaknes~ which was the loci of an 

extensive zone of brecciation and fluidization as well as the major zone of 

mineralization in the Laramid~can be used as a guide. As developed, a 

substantial portion of the zone is probably offset along the Eastside fault 

and is projected to pass north of hole SC-21 and south of hole SC-23. A 

hole or holes located north of SC-21 would probe for this zone in Target 

preserved east and south of thetwo holes and between the extension of the 

Southside fault, as in Target Area B. 

Area A. 

The chalcoci te in the Eastside fau l t  zone volcanic agglomerate-granite ~ i 

breccia of hole SC-15 and the southside downdropping of the block south of 

SC-21 s u g g e s t  t h a t  a r e l a t i v e l y  t h i c k  c h a l c o c i t e  e n r i c h e d  a r e a  may be 

The preservation of chalcocite in the footwall of the SC zone in the 

area of hole SC-24 suggests a relatively thin and probably local amount of /~I 

'L/ 
chalcocite would be preserved in a zone subparallel to the SC zone on the 

footwall side in Target Area C. 
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On the hanging wall side, a substantial zone of oxide copper is probably 

preserved between hole SC-19 and the Eastside fault. The southern extent of- . 

the oxide zone is questionable south of holes SC-24 and SC-18 toward hole 

SC-16. A hole placed in the triangle out of the reach of either the Eastside 

or Southside faul~would clarify the picture in Target Area D. 

A deep primary zone is suggested to underlie the intensive fluidized 

zone exemplified in holes SC-18 and -24. Fluid inclusions suggest these two 

holes have excellent characteristics for containing ore grade copper as chalco- 

pyrite near the boiling interface. Reviewing Figures 5 and 6, it is probable 

that the loci of the fluidized central vent undoubtedly lies below the SC 
I 

fault as shown)and at some point rupture~ the zone and then partially used 

the zone as a structural control to expand upward as the drilling has 

shown. The constraint placed by hole SC-14, which penetrated the SC fault C 
and into massive qmp, suggests the test hole should be placed north of a line~ 

connecting holes SC,14 and $0-22 and possibly as much as 500 feet north in 

Target Area E. Valuable information on this problem would have been gained 

by deepening hole SC-22 into and through the lower intrusive complex. 

The Southside fault and its probably continued step-down system appears 

to be a strong basin controlling system. Present thought is that it is deep 

(plus 2500 to 3000 feet) to the bedrock units at a short distance south of 

hole SC-16, The rock type is unknown, but i t  is l ikely Precambrian granite 

near the south contact of the main mass of qmp. As more information is 

gleaned as to the characteristic of the northern contact, i t  may be just i f ied 

in probing for and along the south contact. 

"'7 ..... 
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Summary 

I n t e r p r e t a t i o n  o f  the re logging o f  the core and ro ta ry  samples dur ing 

the Santa Cruz Studies by Kre is ,  Cummings, and Sel l  has suggested that  in the 

horst  block area the quartz monzonite porphyry i n t r u s i v e  was emplaced along an 

o lde r  s t r uc tu ra l  zone. 

The zone, here named the SC zone, is character ized by the abundance o f  

th in  diabase dikes c u t t i n g  s l i ces  of  Precambrian g ran i te  wi th  th in  brecc ia  

zones and f a u l t i n g  apparent as subpara l le ]  p lanar  s t ruc tu res .  The SC zone 

:~=lJ ~O = a, e p resent ly  s t r i k e s  in a general N60°E d i r e c t i o n  and dips around 40 ° nor th -  

wes te r l y ,  i t  is expressed between hole SC-18 on the nor theast  to 8C-20 on the 

southwest, a d is tance o f  over 4000 fee t .  I t  is probably o f f s e t  2000 f t .  to 

the south between holes SC-20 and SC-12 by the Westside f a u l t  which s t r i kes  
~7~- 9 ~ 

/ ! i ~  ' N30=-35=W and dips 45 = southwester ly .  The SC zone is suggested to pass through 

hole SC-4 and ex tend i4~ - fu r t he r  to the southwest. 

In Laramlde t ime the SC zone was the. s i t e  o f  renewed movement along the 
. ° 

f a u l t s .  Dikes o f  var ious porphyry rocks and t h i c k e r  masses o f  quar tz  monzonite 

porphyry,  as wel l  as breccia masses, were emplaced along the zone and 

p r i n c i p a l l y  in the hanging wal l  o f  the Precambrian SC zone. The dikes and 

masses are again mainly subpara i le l  to the p lanar  f a b r i c  es tab l ished dur ing the 

Precambrian events. In the footwal l  o f  the SC zone, Precambrian "granlte is 

found high and to the west where i t  is qu i te  massive~ although cut by a few 

diabase dikes which genera l l y  have i n t r u s i v e  contacts .  Eas te r ly  and at depth 

in the footwal l  o f  the SC zone is the Laramide quar tz  monzonlte porphyry.  

The porphyry was in par t  guided in to  i t s  emplacement by the SC zone and, 

al though crushed and fau l ted  at the boundary, is most o f ten  a massive un i t  

t 
below the SC zone. 

. . • . "  . 
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The SC zone, on i ts  nor thwester ly  or hanging wal l  s ide ,  is the s i t e  fo r  

extensive f a u l t i n g ,  b r e c c i a t i o n ,  and f l u i d i z a t i o n  of  various Precambrlan 

g ran i te  and Laramide quartz  fe ldspar  porphyry, hornblende porphyry) and various 

quartz  monzonite porphyry units which genera l ly  show a preference for  s teeper  - 

contacts.  The f l u i d i z e d  zones genera l ly  do not mix rock types and e x h i b i t  

a l l  degrees of  f l u i d i z a t i o n  and b recc ia t ion  w i th in  the un i ts .  Diabase, in 

genera l ,  was not found with a f l u i d i z e d  t e x t u r ~ a l t h o u g h  in SC-22 a mixed z o n e  

of  quartz  monzonite porphyry and gran i te  had a minor amount o f  "dark v o l c a n i d  = 

and recognizable diabase inc lus ions.  
o 

The +zone of  massive f l u i d i z a t i o n  and b recc ia t ion  is noted in holes SC-14, 

18, 19, 22, and 24. Outside the zoneAnumerous zones of  narrow f i u i d i z a t i o n  

and " i n t e r n a l l y  d i s i n t e g r a t e d "  rock. These narrow zones are found both in  

the hanging wal l  g ran i te  and in the footwai1 g ran i te  and quartz  monzonite 

porphyry. 

The Santa Cruz horst  is bounded on the east by the Eastside f a u l t .  Th|s 
. +  

s t ruc ture  s t r i k e s  N20=-25°W and dips 45 ° n o r t h e a s t e r l y .  L i t t l e  data is 

a v a i l a b l e  east  of  the f a u l t ,  but i t  appears to o f f s e t  the SC zone and the 

extensive  f l u i d i z e d  zone to the north for  an unknown d is tance.  As noted,  the  

f l u i d i z e d  and brecc ia ted  zone, as exempl i f ied  in SC-18 and i n t e r p r e t e d  for  

. + 
$C-I#, is cut by the Eastside fault. The northward offset may amount to 

around 2000-2500 feet, with the SC zone going to the northeast b~tween 

holes 5C-21 and SC-2) .  "~u"6- No 1---(,..i~ ~, ~1 ' ~ . ~  ~ ~ u~ e, 
0 

. .  

Coincident  wi th  the extensive f l u i d i z e d  and brecc ia ted  zone is the 

occurrence of  h i g h e r  values of  molybdenum contouring outward from hole SC-24 

and a h igher  center  of  primary copper grades contouring outward from holes 

SC-18 and SC-2#.: Undoubtedly the or ig inal  grade within th is  zone was responslble~ 
! 

for  the b e t t e r d e v e l o p m e n t  of a cha lcoc i te  b lanke~ which was subsequently 

modif ied and converted in to  the "copper oxide"  b lankets  as present ly  known. 

• ~ ~+  - + + : i .~ ;~ i ,+~+ • : ~ 
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in the Santa Cruz horst area the massive quartz  monzonite porphyry Is 

known to extend up to an e leva t ion  of  minus 420 feet  below sea level  on the 

footwa| |  side o f  the SC zone. On the hanging wal l  s ide ,  d ike - type  uni ts  o f  

s i m i l a r  quartz  monzonite porphyry were f i r s t  encountered at an e leva t ion  of  

• minus 870 fee t  below sea l eve l .  Precambrian gran i te  is known to extend to a 

depth of  minus 1169 feet  below sea level  on the hanging wal l  s ide.  

The various dikes and masses of hornblende porphyry, hornblende fe ldspar  

porphyry, quar tz  fe ldspar  porphyry, grey quartz  monzonite porphyry, black 

quartz  monzoni.te porphyry,  and various textures  of  quartz  monzonite porphyry 

found in t h e  hanging wal l  of  the SC zone probably r e f l e c t  a monzonit ic  source 

area at  depth. The occurrence of  massive quartz  monzonite porphyry at  a 

h igher  level  in the footwa11 of  the SC zone is probably the resu l t  o f  a) a 

h igher  levei  of  in t rus ion  of  the monzonlte mass along the weak zo~ne e x e m p l i f i e d  

by the diabase and f a u l t i n g  in the Precambrian g r a n i t e ,  and b) some f a u l t i n g  

along the contact  which downdropped the hanging walt  uni ts  both before and 

a f t e r  the i n f l u x  of  the Laramide f l u i d i z a t i o n  and b r e c c l a t l o n  event .  

The area o f  f l u i d i z a t l o n ,  b r e c c i a t i o n ,  and m i n e r a l i z a t i o n  around holes 

SC-18 and SC-24 is regarded as a center  o f  a c t i v i t y .  A second center  of  

m i n e r a l i z a t i o n  is suggested in the v i c i n i t y  of  hole SC-4 where f l u i d i z a t i o n ,  

b e t t e r  a l t e r a t i o n ,  and higher  molybdenum values are noted. Hole SC-23 to the 

northeast  is regarded as a t h i r d  area o f  cont ras t ing  a l t e r a t i o n - m i n e r a l i z a t i o n -  

t e c t o n i c  s t y l e .  

t 

- k  
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Introduction 

The locatlon-plan map of the Santa Cruz project is shown in Figure 1 

(MVK-2878) (same as HGK Fig. l). In September of last  year,  a relogglng- 

reevaluation of the project d r i l l  results was i n i t i a t e d  by Kreis, Cummings, 

and Sel l .  The main emphasis of study was the Santa Cruz horst block, the area 

of  major d r i l l i n g  and s ign i f icant  results,  centered around d r i l l  holes SC-22, 

-19 ,  and -24. 

Faultln 9 

Logging and constraints have suggested a number of fau l t  structures in the 

horst block area (Figure 2). Basical ly interpreted is an older" Precambrian 

fau l t  trend, here named the SC zone, which str ikes N60°E and dips 40 ° north- 

westerly.  The SC zone horst block is cut, downdropped, and l a t e r a l l y  translated 

by three major structures: l )  the westside faul~which str ikes NJO°-35=W 

and dips 45 ° southwesterly and offsets the SC zone some 2000 feet to the south; 

L. 

2) the eastside fau1~which s t r ikes  NJOO-ZS°W and dips 45 ° northeaster ly  of fsets 

the SC zone to the north an unknown distance, but probably between 2000 and 

2500 feet;  and 3) the southside f a u l t ,  which is interpreted to cut the westslde 

and eastside structures,  str ikes NSSO-60eE and dips steeply to the southeast. 

The southside fau l t  may. be a series of structures which cumulatively downdrop 

the south side of the horst block in excess of three thousand feet .  A fourth 
t /  

f au l t  structure was cut in hole SC-21 and is interpreted to terminate at the 

easts|de fau l t  while s t r ik ing  N60°E and dipping 50 ° southeasterly.  

Present d r i l l  hole data and three point resolutions do not permit the 

L 

L 
i 

precise determination of the fau l t  directions and dips. I t  is known that 

var lat ions exist  and the above figures re f lect  the general trends of  the 

s t ruct ures. 

J 



SC Zone 
i 

The SC zone is a total ly complex structural-intrusive zone extending 

from Precambrian thru post-Laramide time. 

During Precambrian time, large masses of granite were emplaced In 

central Arizona in contact with Pinal Schist. The Santa Cruz area appears 

to be within the granitic mass and the earliest SC zone was characterized 

by shearing and breakage along the N60°E trend. Part of the zone of weakness 

was utilized by the emplacement of thin, planar, intrusive diabase dikes having 

chi| led borders. ' 

Figures 3 and 4 are plan maps of the minus 500-foot elevation below sea 

level and minus 1000-foot elevation below sea level, respectively, in the area 

of study. As noted, in the northwest side of the SC structure, thin diabase 

dikes were encountered in nearly each hole in the'area. A profusion of s11ps, 

faults, and crushed zones is also apparent which appears to belong to the 

Precambrian fracture system and aB~aB again mainly in the northwest or hanging 

wall of the SC structure. In the southeast or footwa11 of the SC structure, 

the Precambrian granite is essentially a massive, unbroken unit with two 

discrete diabase dike intercepts in hole SC-24. It is realized that the 

sparsity of drill intercepts into the footwa11 area of the SC zone does not 

permit a clarified picture, but there seems little doubt that the hanging wall 

side of the SC structure as now known was the site of multiple diabase dikes 

and much more abundant f rac tu r ing  and f a u l t i n g .  

In Laramide time a mass o f  quartz monzonite porphyry was empiaced~ and 

I t  appears to be guided by part of  the o lder  SC zone. As present ly known in 

the southeast.or footwal l  s ide, massive quartz monzonlte-porphyry was intruded 

to a f a i r l y  high level in the v i c i n i t y  o f  holes SC-14, -16, and -18, and several. 

d lscrete black qmp and black feldspar porphyry dikes were emp|aced In the 

"Precambrian gran i te  fu r the r  west. In the hanging wail  side of the SC st ructure 

%•i 
. . , .  > .  
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numerous th in  zones o f  quartz monzonite porphyry wi th a number of tex tu ra l  

va r ia t ions  were emplaced in the sheared g r a n i t i c  t e r r a i n .  Also in the 

hanging wal l  s ide,  extensive brecc ia t ion  and f l u i d i z a t i o n  of  Precambrian 

gran i te  and Laramide quartz monzonite porphyry were involved. The f l u i d i z a -  

t ion  exh ib i t s  a l l  degrees of i n t ens i t i e s  and involvement, but in general is 

r es t r i c t ed  to s ing le  un i ts  and, although gran i te  and qmp may a l te rna te  in 

r e l a t i v e l y  th in  apparent ly p lana r  s l i ces  and each is f l u i d i z e d ,  the f l u i d i z a -  

t i on  generaITy did not mix rock types. Although the diabase is assigned to 

the  Precambri~m and the f l u i d i z a t i o n  as a Laramide event, diabase was rare ly  

found to exh ib i t  f l u | d i z a t i o n  features except very local ly  along contacts.  

P o s t - f l u i d i z a t i o n  f r ac tu r i ng  and f au l t i ng  are common features and occur 

w i th in  the expanded f l u i d i z e d  SC zone. Apparently la te hornblende porphyry, 

qua r t z  fe ldspar porphyry, and various darker quartz monzonite porphyries were 

emplaced la te in the f l u i d i z a t i o n  sequence. Much of  the f l u i d i z e d  and la te  

d ik ing appear to favor  steeper s t ruc tu ra l  zones than the diabase and more 

planar qmp zones. 

In the footwal l  s ide of the SC; s t ruc tu re ,  r a re~ f l u i d i za t i on  was noted. 

A f l u i d i z e d  qmp dike was noted in d r i l l  hole SO-4 whi le  a smell f l u i d i z e d  

s t ruc ture  o f  Precambrian gran i te  was found in hole SC-24. 

To recap, a cross sect ion of  the SC zone has been constructed through 

d r i l l  holes 5C-22, -19,  and -24. Figure 5 shows the SC s t ruc tu re  as a f a u l t  

(colored blue) w i th  massive grani te  and qmp below on the footwal l  s ide. 

Minor crushing and shearing wi th  gouge development are also noted along the 

f au l t  s t ruc tu re  and Somewhat below. Several gent ly  dipping diabase dikes 

and one steeper f i u i d i z e d  gran i te  s t ruc tu re  are also shown in the footwai l  

block. This massive c h a r a c t e r i s t i c  is sl~arply changed across t h e ; f a u l t  

s t ruc tu re  and in the hangingwa11, side a con~lex i n t rus i ve  sequence of  g r a n l t e ,  
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diabase, and various porphyries, a l l  highly fractured,  brecciated, and f lu id ized  

to various degrees and involvement)is found to extend some distance away from 

the fau l t  at the base o f  the sequence. In the upper part of d r i l l  hole SC-19 

and the bottom of hole SC-22 are found "internally crushed" granite masses cut 

by diabase and qmp dikes dipping at moderate angles. In hole SC-22, the 
d 

majority of the hole contains highly brecciated and f iu id ized  units of granite 

and various porphyries. The top of the brecciated and f iu id ized  group is 

marked by a strong fau l t  containing gouge and breccia,  and above the fau l t  is 

massive, weakly shattered granite.  The ent i re  zone of brecciated and f lu id ized  

units is cal led the SC zone. 

= 

Figure 6 separates the non-brecclated, brecciated, and f lu id ized granite 

and porphyries. D r i l l  hole SC-22 was terminated between the two intrusive 

complex groups, and no data is avai lable in other holes to confirm the depth 

configuration of the int rusive  complex. 

Hinerai izat ion 

Rinera | izat ion wi th in  the Santa Cruz system as presently known can be 

divided into four groups: 1) primary sulf ides of pyr i te  and chalcopyrite~ 

2) a chalcocite zone, often p a r t i a l l y  leached; 3) a f l r s t  remnant chalcocite 
t 

with pyr i te  zone, often highly leached; and 4) the "oxide copper" zone of 

chrysocolla,  brochanti te,  and atacamite. 
. , j  

Figure 7 is the cross,section of holes SC-22, -19,  and -24 with the 

above four zones as intercepted. Hole SC-22 did not intercept any o x i d e  

copper but found a remnant leached chalcoci te -pyr i te  zone an~ further  in 

dept~a  leached chaicocite zone before terminating in p a r t i a l l y  leached 

primary pyr i te -cha lcopyr i te .  Hole SC-i9 intercepted three d is t inc t  oxide 
= 

copper zones, then a highly leached zone with sparse remnant cha|cocite 

\ 

containing an oxide copper band at i ts  base, then a leached chalcoclte zone 
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terminating at a fault  (the SC fault )  where unleached pyrl te-chaicopyrl te 

was encountered to the terminated depth. Hole SC-24 also intercepted three 

oxide copper zones, then penetrated the SC fau l t ,  a f ter  which the hole went 

into highly leached remnant chaicoci te-pyr i t~  followed by a dist inct  chalcocite 

zone which bottomed in pa r t i a l l y  leached and chalcocite-enriched primary value~ 

and terminated in primary pyr i te-chaicopy~e values. 

Interpretation of this information would suggest a moderate d ip  to the 

top of the primary pyri te-chalcopyrite values/which are interpreted to be 

subparallel to the top of the cha|cocite zone drawn between holes SC-22 and 

I 

t 

-19. Likewise, the l ine connecting the top of the f i r s t  remnant chalcocite- 

-. pyr i te  zone is compatible to the lower two surfaces.. In Figure 7, the dip 

assigned to hole SC-24 is determined by association and other control described 

below. 

The oxide copper zones roughly fa l l  at the same elevatlon but, as shown 

in Figure 7, appear to be somewhat i r regular  and are assigned a . f iat t ish dip 

and probab]y ref lect  redistr ibution to the present bedrock surface. 

Figure..8 i s a  plan map,showing-interpreted structural contours on the 

toper the oxide copper zone as penetrated in the d r i l l i n g .  As contoured, the 
/ 

top of the zone is a rather sharp ridge which slopes away in three directions~. 

and which appears to ref lect  the rock surface contours. A further modification 

is along the Eastside faul t  where volcanics and granite appear to"be along the 

fault  surface and have acted as a trap or sponge for the oxide copper values. 

The top of the f i r s t  remnant chalcocite with pyrite can also be contoured 

and is shown on Figure 9. The contouring is separated into sectors based on 

~ . ~ ; : ~ : i  ". tl~e fault ing and offsets,•  as"w~il as hanging and footwall sectors of the SC 

!!~!;~0 i . . ' " ~ .  ~.-- --. zone. In the main_,.area_, of the hanging wall sector, four control points are 

. . . . .  avai lable and contouring suggests, a sl ight  bowing of the surface subparal|e| 

. . .  . -  

- . . • - 
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to the SC f a u l t  t race and d ipping around 20 ° to the southeast.  In the footwa11 

o f  the SC f a u l t  two po ints  are a v a i l a b l ~  but hole SC-24 is in f a u l t  contact  

w i th  the f i r s t  remnant c h a l c o c i t e - p y r i t e  zone and hence the true thickness Is 

unknown. The contours are drawn in the footwall based on the 250-foot thick- 

ness in hole $C-13. However, as suggested in the hanging wall block, the 

th ickness increases from west to east across ti~e b lock,  and i f  t h i s  is t rue 

in the foo twa l l  b lock then any increase in thickness would move the contours 

to the southj as shown by the plus (+) marks~ and the f i na l  con f igu ra t ion  would 

be subpara l le l  on both sides o f  the SC f a u l t .  Note that  there is over 100 feet  

o f  displacement across the £ a u i ~ w i t h  the hanging wall  down in r e l a t i on  to the 

footwa11. This is a lso re f l ec ted  in the c ross-sec t ion  o f  Figure 7. 

only one po in t  is ava i l ab le  in the block conta in ing  hole SC-4, but does 

e x h i b i t  the l a t e r a l  o f f s e t  o f  contours from the adjacent b locks.  

The top of  the cha lcoc i te  zone contours is shown in Figure 10. On the 
. . . 

hanging wal l  s ide o f  the SC f a u l t ,  three po in ts  a f f o rd  some cont ro l  and r e f l e c t  

a 25 = sout l~east d ipp ing surface subpara l le l  to the SC f a u l t .  On the foo twa i l  

s ide ,  on ly  one c lea r  data po in t  is ava i lab le~wi th  cons t ra in ts  placed by the 

use of  three add i t i ona l  po in ts .  The cons t ruc t ion  suggests the same subpara l le l  

s t r i k e  d i r e c t i o n ,  but the surface probably dips much shal lower at  around 10 = 

to  the southeast.  Py r i t e  was noted in the quar tz  monzonite porphyry at the 

bottom of  hole SC-16. The depth does not conform to the contour ing and Is 

p resen t l y  anomalous. The p y r i t e  could r e f l e c t  a par t  o f  the remnant 

c h a l c o c i t e - p y r i t e  zone but wOUld again be at an e leva t ion  h igher  than the . . . . . .  

contourabie data,  or  more probably i t  r e f l e c t s  a non-leached and non-enriched .: . . . . .  

area. Possib ly o ther  compl icat ing f a u l t  s t ruc tu res  are present and they . 
I 

would c l a r i f y  the data. ."- ~ ' - :  ~--: 

Again,  ho le  $ C - 4 1 s  a s i n g l e  con t ro l  po in t  but  emphasizes  the o f f s e t - -  .~ . . . .  ~ 
. ° 

feature. 



- 1 0 -  

Figure 11 l i s t s  the elevation of the primary sul f ides with comments 

In each hole of the Santa Cruz study area. As the various s t ruc tu rmo f f se t  

the top of the surface and few holes have contacts represented by the base of  

theichalcocl te zone for reference, the data is not contoured. I t  should be 
J 

noted, however, that holes SC-14, -18, and -19 al1 encountered unleached 

sul f ides immediately below the SC fau l t .  Also, hole SC-15 encountered primary 

su l f ide at and in the basal structures of the Eastside fau l t  (dipping eas te r l y ) ,  

wh i l eho le  SC-21 entered primary sul f ides below an interpreted south dipping 

fau l t .  

Centers of Intrusive A c t i v i t y  and Hineral izat lon 

As exemplif ied on the plan maps of Figures 3 and' 4, and the cross- 

section of Figures 5 and 6, the area containing holes SC-14i -18, -19, -22, 
i 

and -24 is one of extensive brecciat ion and f l u i d i za t i on  of Precambrian and 

Laramide un i ts .  Eastward the in t rus ive complex zone is cut and displaced.by 

the Eastside f au l t ,  to the south i t  terminates against the SC fau l t ,  west- 

ward i t  apparently becomes narrower and less complicated, while to the north 

| t t e rm ina tes  in a high angled fau l t  zone against Precambrian granite.  A 

center for  the extensive f l u i d i za t i on  would appear to be around the 

hole SC-14, -18, and -19 area and J~=q~displaced on the east side. 

A massive qmp-granlte contact occurs on the footwall side of the SC 
- j  

f au l t  and had l i t t l e  f l u i d i za t i on  and brecciat ion associated with the contact. 

Scattered molybdenum values have been obtained from both the rotary and 

core d r i l l i n g .  Figure 12 plots the moly values in units above the SC fau l t .  

A par t ia l  c losurejwi th a high of plus 150 ppm) can be drawn in the v i c i n i t y  of  

holes SC-18, -19, -22, and -24, the same area as the extensive brecdation 

and f l u i d i za t i on  features. Another- t ighter  closure of plus 100 ppm Is 
I s  

suggested for  the hole SC-4. area, ~ A possible easter ly axis/suggested for  

" the larger closure. . - - .  

. " . . 
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In the footwali of the SC fau l t ,  Figure 13, a closure is suggestive in 

the holes SC-18 and -24 area with less than i00 ppm. Very low values are recorded 

in hole SC-4 area. Across the Eastside fau l t  in hole SC-21, the progressive 

increase in mely values at depth suggests e i ther  a new center or an of fset  

continuation of the holes SC-18 and -24 closure. A more northeaster ly axial 

trend is Suggested subparalle1 to the SC st ructura l  zone. 
a r e  

Also shown on Figure 13 ~x the copper values found in the primary zone 

intercepted in the d r i l l  holes. ~ data, mainly in the footwa11 block of the 

SC faul t ,  indi-cate~f the highest copper values are in the general high moly 

a r e a .  

Another type of mineral center is suggested in the overall distr ibution 

of the copper oxides. Figure 8 shows that hole SC-20 and -24 have chrysocolla 

as the oxide mineral, whereas hole SC-18 has predominatly chrysocolla with 

brochant i te,  whi le SC-I9 has chrysocolla with auZumi~Kx an t l e r i t e .  Further 

outside this grouping of holes, on the east SC-14 and -16 show brochantite 

greater than ant ler i te ,  while to t.he southwest SC-13 shows ant ler l te predominantly 

over brochantite and chrysocol la. 

Chrysocolla is also the mineral type in the area of SC-4. 

The high copper oxide values (plus 1~) in holes SC-16 and -18 occur in 

volcanic agglomerate mixed with granite breccia. A volcanic agglomerate {like 

is noted lower in hole SC-18 and was highly altered and also contained plus i~; 

copper oxide values. Slmi lar  volcanic agglomerate and g ran i te  breccia were 

apparently intercepted in the rotary hole SC-15~ and there the copper values 

were predominantly chalcoci te.  - 

The role of the highly altered volcanic agglomerate as a site mlnerallzatlon 

is open to questlion, but one thought is that the volcanic agglomerate was 

essent ia l ly  emplaced along the Eastside fau l t  l ine and avai lable to the 

. . 
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ea r l y  enrichment cyc le  o f  migrated cha lcoc i te .  The cha lcoc l te  was l a t e r  

downdropped to the present level on the eas~ and the cha lcoc i te  on the upthrown 

side was subsequently ox id ized  in place to form the oxide values as now 

known. 

• ! 

Explorat ion Targets 

The exce l l en t  a l t e r a t i o n ,  leached capping, and cha lcoc i te  zone found in 

hole SC-2], a mile and one quarter northeast of hole SO-14, is a distinct and 

separate entity from the Santa Cruz horst area. The flat fault complications 

cannot be resolved with the single data poin~ and the thin interval of chalco- 

pyrite intercepted just prior to the termination of the hole is a tantalizing 

feature. Additional drilling in this area sh0uld have the greatest priority. 

The concept of a. Precambrian zone of weaknes~ which was the loci of an 

extensive zone of brecciation and fluidization as well as the major zone of 

mineralization in the Laramid~ can be used as a guide. As developed, a 

substantial portion of the zone is probably offset along the Eastside fault 

and is projected to pass north of hole SC-21 and south of hole SC-23. A 

hole or holes located north of SC-21 would probe for this zone in Target 

Area A .  

The cha lcoc i te  in the Eastside f a u l t  zone vo lcan ic  agglomerate-gran i te  

brecc ia o f  hole SC-15 and the southside downdropping o f  the block south of  

SC-21 Suggest tha t  a r e l a t i v e l y  t h i ck  cha lcoc i te  enr iched area may be 

p reserved  east and south o f  the two holes and between the ex tens ion 'o f  the 

Southside f a u l t ,  as in Target Area B. 

The preserva t ion  of  c h a l c o c i t e  in the footwai |  of  the SC zone In the 

area o f  hole SC-24 suggests a r e l a t i v e l y  t h i n  and probably local  amount o f  
t 

cha lcoc i te  would' be preserved in a zone subpara | le i  to the SC zone on the 

foo twa i l  s lde in Target Aeea C. 
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On the hanging wal l  s i d e ,  a substant ia l  zone o f o x i d e  copper is probably 

preserved between hole SC-19-and the Eastside f a u l t .  The southern extent  o f  - 

the oxide zone is quest ionable south of  holes SC-24 and 5C-18 toward hole 

SC-16. A hole placed in the t r i a n g l e  out of  the reach of  e i t h e r  the Eastside 

or Southside faultswouid c l a r i f y  the p ic ture  in Target Area D. 

Adeep primary zone is suggested to underl ie  the intensive f l u i d i z e d  

zone exempl i f ied in holes SC-18 and -24.  Fluid inclusions suggest these two 

holes have exce l len t  c h a r a c t e r i s t i c s  for  containing ore grade copper as chalco- 

p y r i t e  near the bo i l ing  in te r face .  Reviewing Figures 5 and 6, i t  is probable 

that  the loci o f  the f l u i d i z e d  central  vent undoubtedly l i es  below the SC 

f • fault as shown) and at some point rupture the zone and then partially used 

the zone as a structural control to expand upward as the drilling has 

shown. The constra int  placed by hole SC-14, which penetrated the SC f a u l t  

and into massive qmp, suggests the test  hole should be placed north of a l ine  

connecting holes SC-14 and SC-22 and possibly as much as 500 feet  north in- 

Target Area E. Valuable information on th is  problem wou|d have been gained 

by deepening hole SC-22 into and through the lower in t rus ive  complex. 

The Southside f a u l t  and i t s  probably continued step-down system appears 

to be a strong basin c o n t r o l l i n g  system. Presen't thought is that  i t  is deep 

(plus 2500 to 3000 fee t )  to the bedrock units at a short distance south of  

hole SC-16. The rock type is unknown, but i t  is l i k e l y  Precambrian grani te  

near the south contact o f  the main mass of  qmp. As more information is 

. . . - .  

gleaned as to the c h a r a c t e r i s t i c  of the northern contact,  i t  may be j u s t i f i e d  

in probing for  and along the" south contact.  

- . . - 
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Oxidat ion,  leaching, and copper enrichment h a v e ~ f e c t e d  part o f  the 

Santa Cruz su l f i de  system. In Section 13 (T6S, R4E) the Santa Cruz Pro ject  

d r i l l i n g  program has located geologic copper oxide reserves (H.K. memo 

12-I-75) w i th in  the capping of  the much larger  su l f i de  system. The fo l low ing  

discussion of  capping is based on the d r i l l i n g  resu l ts  in Section 13, and the 

observations and i n te rp re ta t i ons  are consis tent  wi th  those presented in 

previous verbal and w r i t t e n  reports.  

The I imoni tes were s tud ied  in l im i ted  deta i l  during the i n i t i a l  logging 

of the core. Limonite descr ip t ions consisted of an est imat ion of  the absolute 

abundance, mineral r a t i o s ,  and re l a t i ve  abundance of  indigenous to t ransported 

l lmoni te .  Detai led logging descr ip t ions also included the rock type, percent 

former to ta l  su l f i des ,  a l t e r a t i o n ,  and copper mineralogy. Descr ipt ions of  

geology were made of vet  core and recorded for  each and every ten- foot  i n t e r v a l .  

The observations and descr ip t ions were made by H. Kreis ;  the logs are on f i l e ;  

and deta i led summary logs can be found in Appendix I of  the Santa Cruz Progress 

Report Mid-1975 (H. Kreis ,  August 8, 1975). Flore deta i led s tud ies,  should they 

be so j u s t i f i e d ,  would include deta i led tex tura l  descr ip t ions and instrumental 

conf i rmat ion of  the I imonite types and re la t i ve  abundance. 

I t  has been concluded that  the l imonites, when viewed as a separate 

e n t i t y  in the de ta i l  of  the descr ip t ions as done to date, do not provide 

s u f f i c i e n t  informat ion to f u l l y  i n te rp re t  the former hypogene su l f i de  d i s t r i b u -  

t ion  and subsequent d i s t r i b u t i o n  of  former copper su l f i de  enriched zones. The 

in te rp re ta t i on  of  hypogene and supergene copper su l f i de  d i s t r i b u t i o n  can be 

done on a general ized basis through the use of support ive geologic informat ion 

including such features as a l t e r a t i o n ,  the d i s t r i b u t i o n  of  copper minerals in 

the capping, molybdenum geochemical values, and the apparent con tac t  r e l a t i onsh ip  
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O of the hypogene copper zone with an apparent large quartz monzonite porphyry 

In t rus ive  at depth. The in terpre ta t ion  of  th is capping can be found in the 

aforementioned Santa Cruz progress report,  elsewhere in th is  report ,  and 

. par t ia l l y  in the following geologic description of the capping. 

Limonites occur in a l l  rock types and are present from the top of  

- conglomerate covered bedrock to general depths of 2400 to 2550 =. SC-]9 

penetrated 1900' of capping, the maximum vertical thickness to date. The 

la tera l  extent of  the | imonites cannot be determined at th is  time because of 

insuff icient d r i l l  hole information. In the Santa Cruz horst block variations 

in capping t h i c k n e s s  have r e s u l t e d  more. from s t r u c t u r a l  t h i n n i n g  than e r o s i o n .  

The bottom o f  t he  ox ide  zone,  t h e r e f o r e ,  is  f r e q u e n t l y  in f a u l t  c o n t a c t  wi th  
) . .  : -  

" " primary sulfides Csuch as in  SC-18_and -_19). In holes such as SC-22 and 

-SC-24 p a r t i a l l y  leached s u l f i d e s  ( c h a l c o c i t e  and p y r i t e )  are  p r e sen t  in a zone 

about 200' thick near the base of oxidat.ion . . . .  

.The Iimonites formed from the oxidation of iron sulfides during mult icyclic 
J _ 

oxidation and enrichment Locally minor amounts of Iimonites appear to • , ~  

formed from magnetite associated with the alteration of b iot i te .  

The abundance of  l imonites commonly range from 1-5~o by volume and appear 

to be direct ly related to the abundance of former iron sulfide minerals. In 

the capping there is an inverse relationshlp between I imonlte abundance and 

abundance.~/~his inverse relationship resulted from~ower than average copper 

ce of former total sulfides and a higher copper sulfide to pyri te ra t io -  

in the copper oxide zone~!~, The higher.copper sulfide to pyri te rat io resulted 

In part from the low total sulfide abundance during supergene enrichment. 

Areas of high total sulfide content with a low copper sulfide to pyri te 

ratio in the former chalcocite enrichment blanket produced more thorough leaching 
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and can be expected to cause d i scon t i nu i t y  of copper oxide zones in the 

"-:~--'ii le--composition of  ~ the l i i ,  on i tes is tb0ught to be a mixture of  goeth l te  

and hematite based on the reddish-brown to brownish-red co lo r .  The mixture 

appears to be 40 to 60~ and l o c a l l y  up to 801; hematite. Local ly  minor 

amount, s Of a goeth i t e - j  aros i te mi xt ure are present. 

The I imoni tes consis t  of var iab le  ra t ios  of t ransported and indigenous 

Occurrence. In general the abundance of  t ransported l imonite equals or exceeds 

|ncligenous l imoni te .  Although not studied in d e t a i l ,  the tex ture  of  the 

|n(ligenous l imonite is compaclt, and f l u f f y - r e l i e f  l imonite i s ' p resen t  but not 

~ni l~n. -The indigenous l imonite grades into t ransported l imonite of  s i m i l a r  

texture.  However, much of  the transported l imonite texture var ies from s ta in  

in fe ldspar a l t e r a t i o n  products to paint  on f rac tures  to bo t ryo ida l .  Tl~e is 

no obvious change in t h e  composition bi 7 transported l imonite and indigenous 

i | t ~ n i t e  in the same i n te rva l . "  in a few l o c a l i t i e s  l imoni tes formed casts of 

a subsectuenl:iy leached mineral .  The casts r e f l ec t  an elongate crys ta l  shape 

thatmay have been a copper su l fa te  mineral .  

, : .... Evi¢ience suggests that t ranspor ta t ion  of i ron by supergene so lu t ions 

, was minimal fo r  leaching condi t ions.  Transported l imonites-appear to have 

formed from i ron t ransported less than a foot from i t s  source. There are no 

zonesof  wholesale leaching and subsequent enrichment ot: iron in the  capping. 

Minerals such as a i~uni te  and supergene s i l i c a  that are ind ica t i ve  of h igh ly  

ox id iz ing- leach ing  supergene solut ions are not present in the Santa Cruz 

capping. The greatest  degree of s i l i ca -a lumina  mob i l i za t ion  is represented by 

kao l i n i t e  seams in $C-22 between 1050 and 1550'. SC-22 is in terpre ted to be 

in the py r i te  zone wi th  an above average abundance of  former to ta l  su l f ides  

and probably represents the highest degree of ox id i z ing - leach ing  po ten t ia l  
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achieved by supergene solut ions in the present ly observed Santa Cruz capping. 

In capping o f  thorough leaching, the copper grades are 0.0 l  to 0.06¢ 

t o ta l  copper. Copper oxide in tercepts ,  zones of  minimal leaching,  general ly  

average 0.5 to l~; t o ta l  copper. Local minor remnants of  cha l coc i te -py r i t e  occur 

a s  high as 750' above the base of  ox idat ion.  

in summary, the composition of  the ] imoni tes and t he i r  textures are 

Interpreted to have been derived from the ox idat ion and leaching of  varying 

proport ions o f  secondary chalcoci te and primary su l f ides .  This took place in 

a low to ta l  s u l f i d e  environment that produced supergene solut ions having 

h[gh|y var iable but general ly  o f  moderately to weakly ox id i z ing  and leachlng 

potent i a ] .  
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Oxidat ion,  leaching,  and copper enrichment h a v e ~ f f e c t e d  part  o f  the 

Santa Cruz s u l f i d e  system. In Section i3 (T6S, R4E) the Santa Cruz Pro jec t  

d r i l l i n g  program has located geologic copper oxide reserves (H.Ko memo 

12-I-75) w i t h i n  the capping o f  the much la rger  s u l f i d e  system. The fo l l ow ing  

discussion o f  capping is based on the d r i l l i n g  resu l ts  in Section ] ] ,and  the 

observat ions and i n t e r p r e t a t i o n s  are cons is tent  wi th  those presented in 

previous verbal and w r i t t e n  repor ts .  

The l imoni tes  were studied in l im i ted  de ta i l  dur ing the i n i t i a l  logging 

of  the core. Limonite descr ip t ions  consisted of  an es t imat ion  o f  the absolute 

• abundance, mineral r a t i o s ,  and r e l a t i v e  abundance o f  indigenous to t ranspor ted 

l imon i te .  Deta i led logging descr ip t ions  also included the rock type,  percent 

former to ta l  s u l f i d e s ,  a l t e r a t i o n ,  and copperminera logy .  Descr ip t ions o f  

geology were made o f  wet core and recorded for  each and every ten - foo t  i n t e r v a l .  

The observat ions and descr ip t ions  were made by H. Kre is ;  the logs are on f i l e ;  

and deta i led  summary logs can be found in Appendix I o f  the Santa Cruz Progress 

Report Hid-1975 (H. Kre is ,  August 8, ]975)-. Nore de ta i led  s tud ies ,  should they 

be so j u s t i f i e d ,  would include de ta i l ed  tex tu ra l  desc r ip t ions  and instrumental  

conf i rmat ion o f  the l imonite types and re l a t i ve  abundance. 

I t  has been concluded- that  the l . imonites, when viewed as a separate 

e n t i t y  in the de ta i l  o f  the descr ip t ions  as done to date, do not provide 

s u f f i c i e n t  in format ion to f u l l y  i n t e r p r e t  the former hypogene s u l f i d e  d i s t r i b u -  

t ion  and subsequent d i s t r i b u t i o n  o f  former copper su l f i de  enriched zones. The 

I n t e r p r e t a t i o n  of  hypogene and supergene copper s u l f i d e  d i s t r i b u t i o n  can be 

done on a genera l ized basis through the use of suppor t ive geologic  in format ion 

inc lud ing such features as a l t e r a t i o n ,  the d i s t r i b u t i o n  of  copper minerals in 

the capping, molybdenum geochemical values, and the apparent contact re la t ionsh i .p  
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of  the hypogene copper zone wi th  an apparent large quartz monzonite porphyry 

I n t r u s i v e  at depth. The i n t e r p r e t a t i o n  of  th is  capping can be found in the 

afo'rementioned Santa Cruz progress repor t ,  elsewhere in t h i s  repor t ,  and 

p a r t i a l l y  in the f o l l ow ing  geologic descr ip t ion  of  the capping. 

Llmonltes occur in a l l  rock types and are present from the top o f  

conglomerate covered bedrock "to general depths of  2400 to 2550' .  SC-19 

penetrated 1900' o f  capping, the maximum v e r t i c a l  th ickness to date. The 

l a t e ra l  ex tent  of the l imon i tes  cannot be determined at th i s  time because of 

i n s u f f i c i e n t  d r i l l  hole in format ion .  In the Santa Cruz hors t  b lock v a r i a t i o n s  

in capping thickness have resu l ted more from s t r uc tu ra l  t h inn ing  than eros ion.  

The bottom o f  the oxide zone, the re fo re ,  is f r equen t l y  in f a u l t  contact  w i th  

pr imary su l f i des  (such as in SC-18 and -19) .  In holes such as SC=22 and 

SC-24 p a r t i a | l y  leached su l f i des  (cha lcoc i te  and p y r i t e )  are present in a zone 

about 200' t h i c k  near the base of  ox ida t ion  . . . . .  

T h e  l imonites formed from the ox ida t ion  of  i ron su l f i des  dur ing m u l t i c y c l i c  

ox ida t ion  and enr ichment.  Loca l l y  minor amounts o f  l imonites appear to  

formed from magneti te associated wi th  the a l t e r a t i o n  of  b i o t i t e .  

The abundance o f  l imonites commonly range from 1-5% by volume and appear 

to be d i r e c t l y  re la ted  to the abundance of  former i ron s u l f i d e  minerals.  In 

the capping there is an inverse re l a t i onsh ip  between l imonite abundance and 

e'2 copper abundanc h i s  inver se  r e l a t i o n s h i p  r e s u l t e d  from~lower than average  

_ce of former total sulfides and a higher copper sulfide to pyrite ratio- 

the copper oxide zon~,)The higher copper sulfide to pyrite ratio resulted 

In part from the low total sulfide abundance during supergene enrichment. 

Areas of high total sulfide content with a low copper sulfide to pyrite 

ratio in the former chalcocite enrichment blanket produced more thorough leaching 
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and can be expected to cause discontinuity of copper oxide zones in the 

"----The=composition of the l i~nonites is th.ought to be a mixture of goethite 

anclhematite based on the reddish-brown to brownish-red color. The mixture 

appears to be 40 to 60% and locally up to 80% hematite. Locally minor 

amounts of a goethlte-jarosite mixture are Present. 

The iimonites consist of variable ratios of transported and indigenous 

occurrence. In general the abundance of transported limonite equals or exceeds 

incligenous Iimonite. Although not studied in detail,  the texture of the 

Indigenous Iimonite is compact, and f lu f fy - re l ie f  Iimonite is  "present but not 

com~n. - the indigenous l i.monite grades into transported l imonite of  s im i l a r  

texture. However, much of the transported l imonite texture varies from stain 

in feldspar alteration products to paint on fractures to botryoidal. TI~re is 

no-obvious change in the composition of transported l imonite and indigenous 

tihionite in the same interval." In a few localit ies limonites formed casts of 

a subsequently leached mineral.  The casts re f l ec t  an elongate crystal  shape 

thatmay have been a copper su l fa te  mineral.  

. . . .  Evidence suggests that transportation of iron by supergene solutions 

was minimal for leaching conditions. Transported limonites-appear to have 

formed from iron transported less than a foot from its source. There are no 

zones of wholesale leaching and subsequent enrichment of iron in the capping. 

Minerals such as al~unite and supergene silica that are indicative of highly 

oxidizing-leaching supergene solutions are not present in the Santa Cruz 

capping. The greatest degree of  s i l i ca -a lumina  mobi l i za t ion  is represented by 

kaolinite seams in SC-22 between I050 and 1550'. SC-22 is interpreted to be 

in the pyr i te  zone wi th  an above average abundance of former tota l  su l f ides 

and probably represents the highest-degree of ox id iz ing- leach ing  potent ia l  
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achieved by supergene solut ions in the present ly observed Santa Cruz capping. 

In capping o f  thorough leaching, the copper grades are 0.01 to 0.06~; 

to ta l  copper. Copper oxide in tercepts ,  zones of  minimal leaching, general ly  

a v e r a g e  0.5 to I~; t o ta l  copper. Local minor remnants of cha l coc l te -py r l t e  occur 

as high as 750' above the base of  ox idat ion.  

in summary, the composition of  the l imonites and the i r  textures are 

interpreted to have been derived from the oxidat ion and leaching of  varying 

proport ions o f  secondary chalcoci te and primary su l f ides .  This took place in 

a low to ta l  su l f i de  environment that produced supergene solut ions having 

h igh ly  var iable but general ly  o f  moderately to weakly ox id i z i ng  and leaching 

potent i a I .  
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Southwestern Exploration Division 

May 12, 1976 

TO: F.T. Graybeal 

FROM: J. D. Sell 

Santa Cruz Project Studies 
Pinal Coun.ty, Arizona 

Attached is my report: A Structural and Related Mineral Reinterpretation 
of the Santa Cruz Horst Block. 

The study was undertaken with H. G. K reis, Santa Cruz Project Geologist, 
and R. B. Cummings, Resident Geologist-Sacaton. Both contributed numerous 
ideas and comments and have reviewed the draft of this report. 

ames D. Sell 

JDS:Ib 
Att. 

cc: HGKreis 
RBCummi ngs 



A STRUCTURAL AND RELATED MINERAL REINTERPRETATION 
OF THE SANTA CRUZ HORST BLOCK 

Summa ry 

Interpretation of the relogging of the core and rotary samples during the 
Santa Cruz Studies has suggested to Sell that in the horst block area the 
quartz monzonite porphyry intrusive was emplaced along an older structural 
zone ,  

The zone, here named the SC zone, is characterized by the abundance of thin 
diabase dikes cutting slices of Precambrian granite with thin breccia zones 
and faulting as subparallel planar structures. In Precambrian time, the 
zone of weakness was probably a near vertical feature but has since been 
involved in rotational, tilting movement. The axis of rotational movement 
was subparal|el to the present strike trend of the zone. The SC zone 
presently strikes in a general N60°E direction and dips around 40 ° north- 
westerly. It is expressed between holes SC-18 on the northeast to SC-20 
on the southwest, a distance of over 4000 feet. It is probably offset 
2000 ft. to the south between holes SC-20 and SC-12 by the Westside fault 
which strikes N30°-35°W and dips 45 ° southwesterly. The SC zone is suggested 
to pass through hole SC-4 and continue further to the southwest. 

In Laramide time the SC zone was the site of renewed movement along the 
faults, and a part of the tilting probably occurred at this time. Dikes of 
various porphyry rocks and thicker masses of quartz monzonite porphyry, as 
well as breccia masses, were emplaced along the zone and principally in the 
hanging wall of the Precambrian SC zone. The dikes and masses are again 
mainly subparallel to the planar fabric established during the Precambrian 
events. ~ the footwall of the SC zone, Precambrian granite is found high 
and to the west where it is quite massive, although cut by a few diabase dikes 
which generally have intrusive contacts. Easterly and at depth in the foot- 
wall of the SC zone is the Laramide quartz monzonite porphyry. The porphyry 
was in part guided into its emplacement by the SC zone and, although crushed 
and faulted at the boundary, is most often a massive unit below the SC zone. 

The SC zone, on its northwesterly or hanging wall side, is the site for 
extensrve faulting, brecciation, and fluidization of various Precambrian 
granite and Laramide quartz feldspar porphyry, hornblende porphyry, and 
various quartz monzonite porphyry units which generally show a preference 
for steeper contacts. The fluidized zones generally do not mix rock types 
and exhibit all degrees of fluidization and brecciation within the units. 
Diabase, in general, was not found with a fluidized texture, although in 
SC-22 a mixed zone of quartz monzonite porphyry and granite had a minor 
amount of "dark volcanic" and recognizable diabase inclusions. 

The zone of massive fluidization and brecciation is noted in holes SC-14, 
18, 19, 22, and 24. Outside the zone are numerous zones of narrow fluid- 
ization and "internally disintegrated" rock. These narrow zones are found 
both in the hanging wall granite and in the footwall granite and quartz 
monzon i te porphyry. 
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The Santa Cruz horst is bounded on the east by the Eastside fault. ThFs 
structure strikes N20°-25°W and dips 45 ° northeasterly. Little data is 
available east of the fault, but it appears to offset the SC zone and the 
extensive fluidized zone to the north for an unknown distance. As noted, 
the fluidized and brecciated zone, as exemplified in SC-18 and interpreted 
for SC-14, is cut by the Eastside fault. The northward offset may amount 
to around 2000-2500 feet of dominant strike-slip movement. The SC zone 
continues to the northeast between holes SC-21 and SC-23. No extensive 
fluidization features were noted in either SC-2I or SC-23, but the change 
from Precambrian granite on the north in SC-23 to Laramide monzonite on the 
south in SC-21 is the same type of change as found across the top part of 
SC-22 over to SC-24 (allowing for the difference in elevation of the 
monzonite mass). 

Coincident with the extensive fluidized and brecciated zone is the occurrence 
of higher values of molybdenum contouring outward from hole SC-24 and a 
higher center of primary copper grades contouring outward From holes SC-18 
and SC-24. Undoubtedly the original grade within thTs zone was responsible 
for the better development of a chalcocite blanket, which was subsequently 
modified and converted into the "copper oxide" blankets as presently known. 

In the Santa Cruz horst area the massive quartz monzonite porphyry is known 
to extend up to an elevation of minus 420 feet below sea level on the foot- 
wall side of the SC zone. On the hanging wall side, dike-type units of 
sim'lar quartz monzonite porphyry were first encountered at an elevation of 
minus 870 feet below sea level. Precambrian granite is known to extend to a 
depth of minus 1169 feet below sea level on the hanging wall side. 

The various dikes and masses of hornblende porphyry, hornblende feldspar 
porphyry, quartz feldspar porphyry, grey quartz monzonite porphyry, black 
quartz monzonite porphyry, and various textures of quartz monzonite porphyry 
found in the hanging wall of the SC zone probably reflect a monzonitic source 
area at depth. The occurrence of massive quartz monzonite porphyry at a 
higher level in the footwall of the SC zone is probably the result of a) a 
higher level o'f intrusion of the monzonite mass along the weak zone 
exemplified by the diabase and faulting in the Precambrian granite, and b) 
some faulting along the contact which downdropped and tilted the hanging 
wall units both before and after the influx of the Laramide fluidization and 
brecciation event. 

The area of fluidization, brecciation, and mineralization around holes SC-18 
and SC-24 is regarded as a center of activity. A second center of mineral- 
ization is suggested in the vicinity of hole SC-4 where fluidization, better 
alteration, and higher molybdenum values are noted. Hole SC-23 to the 
northeast is regarded as a third area of contrasting alteration-mineralization- 
tectonic style. 

Introduction 

The location-plan map of the Santa Cruz project is shown in Figure l 
(modified from HGK Fig. l). In September of last year, a relogging- 
reevaluation of the project drill results was initiated by Kreis, Cummings, 
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and Sell. The main emphasis of study was the Santa Cruz horst block, the 
area of major drilling and significant results, centered around drill holes 
SC-22, -19, and -24. 

Many thoughts were expressed and discussed by all involved. This report was 
written by Sel] and has been reviewed by Kreis and Cummings. Neither Kreis 
nor Cummings agrees with portions of the text, and it was not feasible to 
clarify these differences at this time. Kreis will incorporate his comments 
in a forthcoming comprehensive report, and Cummings will submit a separate 
memo comparing features of the Sacaton and Santa Cruz areas. The study 
ended with drill hole SC-24, and no review of the subsequent holes, presently 
being drilled, has been made. 

Faulting 

Logging and constraints have suggested a number of fault structures in the 
horst block area (Fig. 2). Basically interpreted is an older Precambrian 
fault trend, here named the SC zone, which strikes N60°E and presently dips 
40 ° northwesterly. The SC zone horst block is cut, downdropped, and laterally 
translated by three major structures: l) the westside fault, which strikes 
N30°-35°W and dips 45° southwesterly and offsets the SC zone some 2000 feet 
to the south mainly by strike-slip movement; 2) the eastside fault, which 
strikes I~O°-~5°W and dips 45 ° northeasterly, offsets the SC zone to the north 
an unknown distance but probably between 2000 and 2500 feet, also by strike- 
slip movement; and 3) the southside fault, which is interpreted to cut the 
westside and eastside structures, strikes N55°-60°E and dips steeply to the 
southeast. The southside fault may be a series of structures which cumula- 
tively downdrop the south side of the h orst block in excess of three thousand 
feet. A fourth fault structure was cut in hole SC-21 and is interpreted to 
terminate at the eastside fault while striking N60°E and dipping 50 ° south" 
easterly. This structure is based on one hole intercept and true strike 
direction is unknown. 

Present drill hole data and three point resolutions do not permit the 
precise determination of the fault directions and dips. It is known that 
variations exist and the above figures reflect the general trends of the 
structures. 

SC Zone 

The SC zone is a totally complex structural-intrusive zone extending from 
Precambrian thru post-Laramide time. 

A cross-section of the SC zone has been constructed through drill holes 
SC-22, -19, and -24. Figure 3 shows the SC structure as a fault (colored 
blue) with massive granite and quartz monzonite porphyry below on the foot- 
wall side. Minor crushing and shearing with gouge development are also noted 
along the fault structure and somewhat below. Several gently dipping diabase 
dikes and one steeper fluidized granite structure are also shown in the foot- 
wall block. This massive characteristic is sharply changed across the fault 
structure and in the hanging wall side of the fault a complex intrusive 
sequence of granite, diabase, and various porphyries, all highly fractured, 
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brecciated, and fluidized to various degrees and involvement, is found to 
extend some distance away from the fault at the base of the sequence. In the 
upper part of drill hole SC-19 and the bottom of hole SC-22 are found 
"internally crushed" granite masses cut by diabase and quartz monzonite 
porphyry dikes dipping at moderate angles. In hole SC-22, the majorTty of 
the hole contains highly brecciated and fluidized units of granite and 
various porphyries. The top of the brecciated and fluidized group is 
marked by a strong fault containing gouge and breccia, and above the fault 
is massive, weakly shattered granite. The entire zone of brecciated and 
fluidized units is called the SC zone. 

The events leading up to this complex picture are as follows: During 
Precambrian time, large masses of granite were emplaced in central Arizona 
generally in contact with Pinal Schist. The Santa Cruz area appears to be 
within the granitic mass and the earliest SC zone was characterized by 
shearing and breakage along the N60°E trend. Part of the zone of weakness 
was utilized by the emplacement of thin, planar, intrusive diabase dikes having 
chilled borders. Although no age dates are available from the Santa Cruz area, 
I believe the diabase is Precambrian in age as ex0ressed by Balla (1972) in 
the Sacaton area. Further, I feel the diabase was initial]y injected as near 
vertical dikes and their present attitude reflects later tilting of the 
blocks. 

Figures 4 and 5 are plan maps of the minus 500-foob elevation below sea level 
and minus 1000-foot elevation below sea level, respectively, in the area of 
study. On the northwest side of the SC structure, as noted in Figures 3, 
4, and 5, thin diabase dikes were encountered in nearly each hole in the area. 
A profusion of slips, faults, and crushed zones is also apparent which appears 
to belong to'the Precambrian fracture system and again mainly in the northwest 
or hanging wall of the SC structure. In the southeast or footwall of the SC 
structure, the Precambrian granite is essentially a massive, unbroken unit 
with two discrete diabase dike intercepts in hole SC-24. It is realized that 
the sparsity of drill intercepts into the footwall area of the SC zone does 
not permit a clarified picture, but there seems little doubt that the hanging 
wall side of the SC structure, as now known, was the site of multiple diabase 
dikes and much more abundant fracturing and faulting. 

In Laramide time a mass of quartz monzonite porphyry was emplaced, and it 
appears to be guided by part of the older SC zone. As presently known in the 
southeast or footwall side, massive quartz monzonite porphyry was intruded 
to a fairly high level in the vicinity of holes SC-14, -16, and -18, and 
several discrete black quartz monzonite porphyry and black feldspar porphyry 
dikes were emplaced in the Precambrian granite further west. In the hanging 
wall side of the SC structure, numerous thin zones of quartz monzonite porphyry 
with a number of textural variations were emplaced in the sheared granitic 
terrain. Also in the hanging wall side, extensive brecciation and fluidization 
of Precambrian granite and Laramide quartz monzonite porphyry were involved. 
The fluidization exhibits all degrees of intensities and involvement, but 
in general is restricted to single units and, although granite and quartz 
monzonite porphyry may alternate in relatively thin apparently planar slices 
and each is f luidized, the fluidization generally did not mix rock types. 
Although the diabase rs assigned to the Precambrian and the fluidization as 



_ 

a Laramide event, diabase was rarely found to exhibit fluidization features 
except very locally along contacts. Post-fluidization fracturing and faulting 
are common features and occur within the expanded fluidized SC zone. 
Apparently late hornblende porphyry, quartz feldspar porphyry, and various 
darker quartz monzonite porphyries were emplaced late in the fluidization 
sequence. Much of the fluidized and late diking appear to favor steeper 
structural zones than the diabase and more planar quartz monzonite porphyry 
zones and may represent continued rotational adjustment along the SC zone. 

In the footwall side of the SC structure, rare fluidization was noted. A 
fluidized quartz monzonite porphyry dike was noted in drill hole SC-4 while 
a small fluidized structure of Precambrian granite was found in hole SC-24. 

Figure 6 separates the non-brecciated, brecciated, and f~uidized granite and 
porphyries. Drill hole SC-22 was terminated between the two intrusive complex 
groups, and no data is available in other holes to confirm the depth configura- 
tion of the intrusive complex. Figure 6 also indicates the probable continuing 
tilting and rotational movement Of the Santa Cruz Horst block with the passage 
of time. Assuming a near vertical zone during the emplacement of the diabase, 
then each succeeding event was accompanied by rotational movement, so that 
the diabase presently has a flatter attitude than does the monzonite, followed 
by the fluiding event and culminating in the late hornblende feldspar 
porphyry dikes which cut the.fluidized zones at a generally steeper angle. 

Mineralization 

Mineralization within the Santa Cruz system as presently known can be divided 
into four groups: l) primary sulfides of pyrite and chalcopyrite; 2) a 
chalcocite zone, often partially leached; 3) a first remnant chaIcocite with 
pyrite zone, often highly leached; and 4) the "oxide copper" zone of 
chrysocolla, brochantite, and atacamite. 

Figure 7 is the cross-section of holes SC-22, -19, and -24 with the above 
four zones as intercepted. Hole SC-22 did not intercept any oxide copper 
but found a remnant leached chalcocite-pyrite zone and, further in depth, a 
leached chalcocite zone before terminating in partially leached primary 
pyrite-chalcopyrite. Hole SC,19 intercepted three distinct oxide copper 
zones, then a highly leached zone with sparse remnant chalcocite containing 
an oxide copper band at its base, then a leached chalcocite zone terminating 
at a fault (the SC fault) where unleached pyrite-chaIcopyrite was encountered 
to the terminated depth. Hole SC-24 also intercepted three oxide copper 
zones, then penetrated the SC fault, after which the hole went into highly 
leached remnant chalco~ite-pyrite, followed by a distinct chaIcocite zone 
which bottomed in partially leached and chalcocite-enriched primary values, 
and terminated in primary pyrite-chalcopyrite values. 

Interpretation of this information would suggest a moderate dip to the top 
of the primary pyrite-chaIcopyrite values, which are interpreted to be 
subparallel to the top of the chalcocite zone drawn between holes SC-22 and 
-19. Likewise, the line connecting the top of the first remnant chalcocite- 
pyrite zone is compatible to the lower two surfaces. In Figure 7, the dip 
assigned to hole SC-24 is determined by association and other control 
described below. 
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If the top of the chalcocite zone between holes SC-19 and SC-22 is taken to 
have formed at a near horizontal surface, then the present surface has been 
rotated to the increased slope. Note that if the surface is rotatedback 
to near horizontal, then the late stage features found in hole SC-22 assume 
a near vertical emplacement trend. 

The oxide copper zones roughly fall at the same elevation but, as shown in 
Figure 7, appear to be somewhat irregular and are assigned a flattish dip 
and probably reflect redistribution to the present bedrock surface. Intra- 
spaced drilling of the oxide deposit will resolve this problem more fully. 

Figure 8 is a plan map showing interpreted structural contours on the top 
of the oxide copper zone as penetrated in the present drilling. As contoured, 
the top of the zone is a rather sharp ridge which slopes away in three 
directions, and which appears to reflect the rock surface contours. A further 
modification is along the Eastside fault where volcanics and granite appear 
to be along the fault surface and have acted as a trap or sponge for the 
oxide copper values. 

The top of the first remnant chalcocite with pyrite Can also be contoured 
and is shown on Figure 9. The contouring is separated into sectors based on 
the faulting and offsets, as well as hanging and footwall sectors of the SC 
zone. In the main area of the hanging wall sector, four control points are 
available and contouring suggests a slight bowing of the surface subparallel 
to the SC fault trace and dipping around 20 ° to the southeast. In the foot- 
wall of the SC fault two points are available, but hole SC-24 is in fault 
contact with the first remnant chalcocite-pyrite zone and hence the true 
thickness is unknown. The contours are drawn in the footwall based on the 
250-foot thickness in hole SC-13. However, as suggested in the hanging wall 
block, the thickness increases from west'to east across the block, and if 
this is true in the footwall block then any increase in thickness would move 
the contours to the south, as shown by the plus (+) marks, and the final 
configuration would be subparallel on both sides of the SC fault. Note that 
there is over lO0 feet of displacement across the fault, with the hanging 
wall down in relation to the footwall. This is also reflected in the cross- 
section of Figure 7. 

On]y one point is available in the block containing hole SC-4, but does 
exhibit the lateral strike-slip offset of contours from the adjacent blocks. 

The top of the chalcocite zone contours is shown in Figure lO. On the 
hanging wal] side of the SC fault, three points afford some control and 
reflect a 25 ° southeast dipping surface subparallel to the SC fault. On 
the footwall side, Only one clear data point is available, with constraints 
placed by the use Of three additional points.-The construction suggests 
the same subparallel strike direction, but the surface probably dips much 
shallower at around lO ° to the southeast, Pyrite was noted in the quartz 
monzonite porphyry at the bottom of hole SC-16. The depth does not conform 
to the contouring and is presently anomalous. The pyrite could reflect a 
part of the remnant chalcocite-pyrite zone but would again be at an elevation 
higher than the contourable data, or more probably it reflects a non-leached 
and non-enriched area. Possibly other complicating fault structures are 
present and the would clarify the data. 
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Again, hole SC-4 is a single control point but emphasizes the offset 
feature. 

Figure II lists the elevation of the primary sulfides with comments in each 
hole of the Santa Cruz study area. As the various structures offset the top 
of the surface and few holes have contacts represented by the base of the 
chalcocite zone for reference, the data is not contoured. It should be 
noted, however, that holes SC-14, -18, and -19 all encountered unleached 
sulfides immediately below the SC fault. Also, hole SC-15 encountered prTmary 
sulfide at and in the basal structures of the Eastside fault (dipping 
easterly), while hole SC-21 entered primary sulfides below an interpreted 
south dipping fault. 

Centers of Intrusive Activity and Mineralization 

As exemplified on the plan maps of Figures 4 and 5, and the cross-section of 
Figures 3 and 6, the area containing holes SC-14, -18, -19, -22, and -24 is 
one of extensive brecciation and fluidization of Precambrian ahd Laramide 
units. Eastward the intrusive complex zone is cut and displacedby the 
Eastside fault, to the south it terminates against the SC fault, westward 
it apparently becomes narrower and less complicated, while to the north it 
terminates in a high angled fault zone against Precambrian granite. A center 
for the extensive fluidization would appear to be around the holes SC-14, 
-18, and -19 area and displaced on the east side. 

A massive quartz monzonite porphyry-granite contact occurs on the footwall 
side of the SC fault and had little fluidization and brecciation associated 
with the contact, as shown by the logging of the basal portions of holes 
SC-19 and SC-24. 

Interpretation of this feature suggests that the fluidization is a later 
event than the emplacement of the quartz monzonite porphyry and, although 
the fluidization source undoubtedly utilized the nearby granFte-quartz 
monzonite porphyry contact on the northerly side of the porphyry mass, it is 
a manifestation of a deeper, later monzonite source and not a contact phenomenon. 

Scattered molybdenum values have been obtained from both the rotary and core 
drilling. Figure 12 plots the molybdenum values in units above the SC fault. 
A partial closure, with a high of plus 150 ppm, can be drawn in the vicinity 
of holes SC-18, ,19, -22, and -24, the same area as the extensive brecciation 
and fluidization features. Another tighter closure of plus 100 ppm is 
suggested for the hole SC-4 area. A possible easterly axis is suggested for 
the larger closure. 

In the footwall of the SC fault, Figure 13, a closure is suggestive in the 
holes SC-18 and -24 area with less than 100 ppm. Very low values are recorded 
in hole SC-4 area. Across the Eastside fault in hole SC-21, the progressive 
increase in molybdenum values at depth suggests either a new center or an 
offset continuation of the holes SC-18 and -24 closure. A more northeasterly 
axial trend is suggested subparallel to the SC structural zone. 
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Also shown on Figure 13 are the copper values found in the primary zone 
intercepted in the drill holes. These data, mainly in the foOtwall block 
of the SC fault, indicate the highest copper values are in the general high 
molybdenum area. 

Another type of mineral center is suggested in the overall distribution of 
the copper oxides. (Based on descriptive footage, may not be as clear based 
on weighted copper assay.) Figure 8 shows that holes SC-20 and -24 have 
chrysocolla as the oxide mineral, whereas hole SC-18 has predominantly 
chrysocolla with brochantite, while SC-19 has chrysocolla with antlerite. 
Further outside this grouping of holes, on the east, SC-14 and -16 show 
brochantite greater than antlerite, while to the southwest SC-13 shows 
antlerite predominantly over brochantite and chrysocolla. 

Chrysocolla is also the mineral type in the area of SC-4. 

The high copper oxide values (plus I%) in holes SC-16 and -18 occur in 
volcanic agglomerate mixed with granite breccia. A volcanic agglomerate 
dike is noted lower in hole SC-18 and was highly altered and also contained 
p'lus I% copper oxide values. Similar volcanic agglomerate and granite breccia 
were apparently intercepted in the rotary hole SC,15, and there the copper 
values were predominantly chalcocite. 

The role of the highly altered volcanic agglomerate as a site mineralization 
is open to question, but one thought is that the volcanic agglomerate was 
essentially emplaced along the Eastside fault line and available to the 
early enrichment cycle of migrated chalcocite. The chalcocite was later 
downdropped to the present level on the east, and the chalcocite on the up- 
thrown side was subsequently oxidized in place to form the oxide values as 
now known. 

Exploration Targets 

The excellent alteration, leached capping, and chalcocite zone found in hole 
SC-23, a mile and one quarter northeast of hole SC-14, is a distinct and 
separate entity from the Santa Cruz horst area. The flat fault complications 
cannot be resolved with the single data point, and the thin interval of 
chalcopyrite intercepted just prior to the termination of the hole is a 
tantalizing feature. Additional drilling in this area should have the 
greatest priority. 

The concept of a Precambrian zone of weakness, which was the loci of an 
extensrve zone of brecciation and fluidization as well as the major zone of 
mineralization in the Laramide, can be used as a guide. As developed, a 
substantial portion of the zone in the horst area of SC-14 and SC-18 7s 
probably offset along the Eastside fault and the offset is projected to pass 
north of hole SC-21 and south of hole SC-23. A hole or holes located north 
of SC-21 would probe for this fluidized zone in Target Area A. Positive 
results would clarify the mineral projection across a large block of 
presently noncontrolled ground. 
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The chalcocite in the Eastside fault zone volcanic agglomerate-granite breccia 
of hole SC-15 and the southside downdropping of the block south of SC-21 
suggest that a relatively thick chalcocite enriched area may be preserved 
east and south of the two holes and between the extension of the Southside 
fault, as in Target Area B. 

The preservation of chalcocite in the footwall of the SC zone in the area of 
hole SC-24 suggests a relatively thin and probably local amount of chalcocite 
would be preserved in a zone subparallel to the SC zone on the footwall side 
in Target Area C. 

On the hanging wall side, a substantial zone of oxide copper is probably 
preserved between hole SC-19 and the Eastside fault. The southern extent of 
the oxide zone is questionable south of holes SC-24 and SC-18 toward hole 
SC-16. A hole placed in the triangle out of the reach of either the Eastside 
or Southside faults would claify the picture in Target Area D. 

A deep primary zone is suggested to underlie the intensive fluidized zone 
exemplified in holes SC-18 and -24. Fluid inclusions suggest these two holes 
have excellent characteristics for containing ore grade copper as chalcopyrite 
near the boiling interface. Reviewing Figures 3 and 6, it is probable that 
the loci of the fluidized central vent undoubtedly lies below the SC fault 
as shown, and at some point ruptured the zone and then partially used the 
zone as a structural control to expand upward, as the drilling has shown. 
The constraint placed by hole SC-14, which penetrated the SC fault and into 
massive quartz monzonite porphyry, suggests the test hole should be placed 
north of a line connecting holes SO-14 and SC-22 and possibly as much as 
500 feet north in Target Area E. Valueable information on this problem would 
have been gained by deepening hole SC-22 into and through the lower intrusive 
complex. 

The Southside fault and its probably continued step-down system appears to be 
a strong basin controlling system. Present thought is that it is deep (plus 
2500 to 3000 feet) to the bedrock units at a short distance south of hole 
SC-16. The rock type is unknown, but it is likely Precambrian granite near 
the south contact of the main mass of quartz monzonite porphyry. As more 
information is gleaned as to the characteristic of the northern contact, it 
may be justified in probing for and along the south contact. (Apparently 
hole SC-25, drilled after the preliminary draft of this report, intercepted 
unaltered Precambrian granite at a much shallower depth southwest of SC-16 
than would have been suggested by the foregoing interpretation Probing the 
south contact would be a much shallower target area.) 

James D. Sell 
May 1976 



/&SARCO Southwestern Exploration Division 

August 6, 1976 

TO: F.T. Graybeal 

FROM: J. D. Sell 

"Hanna Personnel 
Francisco Grande 
Santa Cruz Project  
Pinal County, Arizona 

On Monday night  (August 2) I had dinner wi th  Steve Van Nort ,  Explorat ion 
Manager, Tucson Office of Hanna. In the evening chat he said that: 

1) He has been pul led o f f  o f  a l l  o ther  work and assigned to the Pro ject  
(no name) to t rouble shoot the dr i11 ing  and ~et i t  done.  

2) They are up against the deadl ine and need more cor ing f o r  the 
eva luat ion.  

3) All core is taken to Tucson and logged by J. D. Lowell & Associates. 

4) He is sort of miffed that Newmont sweet-talked them into the adventure 
and then shortly thereafter pulled out, but he was happy that al l the 
previous information was free ( i .e . ,  Newmont was not reimbursed in any 
manner. 

5) Only two partners remain and the other is undoubtedly Getty 0 i i .  

6) Getty pays up promptly and can't understand why more money can't be 
spent ( i .e . ,  would like to see the program increased). 

7) Getty's representative gets to Tucson every other month for a 
con fe fence. 

8) All of Hanna's act iv i ty  and drive is out of Cleveland with the'ir 
Chief Geologist (?) Mr. Stone. 

On Tuesday three Hanna people, Steve, Charles Dowd (Landman), and Robert 
Bartho]omew (Ass't. to President), al l  had breakfast with Mr. Jack Kane 
(General Manager of Francisco Grande of the NAAC group). They were 
apparently al] out together for the day and came in about 8:00 P.M. They 
met one other man, named " B i l l , "  for dinner. 

On Wednesday, jus t  Char l ie  and Bob had breakfast  wi th  Jack and in the 
evening were wi th  two other people (unknown to me) who apparent ly  were 
on t h e i r  way out at the time I "came in to the ho te l .  



# 
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Thursday, the three again had breakfast and included Mrs. Dowd. 
was complete as they were heading north via Kingman. 

Could Hanna be interested in buying the hotel, etc.? 

. D .  Se.Yi ~'- 

JDS: ]b 

cc: HGKreis 

The stay 



Southwestern Exploration Division 

August 6, 1976 

TO: F . T .  Graybeal 

FROM: J. D; Sell 

Rumor -- Dri l l ing 
"Hanna-Getty" Project 
Pinal County, Arizona 

Tony Benavidez has supplied the following rumors, plus some tidbits from 
elsewhere, on the drilling around our Santa Cruz Project. 

N-3, 2500 feet 
N-6, 2700 feet (the deepest drilled by Barnes Drilling Co.) 
N-12 or N-13, 2100 feet 

A Joy diamond r ig  moved onto hole N-21 on July 24, 1976. This is the 
four th core r ig  for  Joy now on the Hanna-Getty ground. 

The rotary hole N-22 was terminated on July 27. The contractor, J. O. 
Barnes, was also terminated at that time due to "conflict of interest" 
in that another rig from the contractor was being employed by Asarco. 

The rotary hole N-23 was spudded in one quarter of a mile west of Midway 
Road and some lO0 feet south of Clayton Road (top center of the NEI#4 of 
Section 24, T6S, R4E) by C & W Drilling CompanY (Tommy Cissell) on July 28 
and terminated on August 4. May have had between lO00 and 1200 feet of 
rods in the rack. 

Hanna surveys a l l  the holes and f inds some of  them very crooked. This 
includes N-]9 which has been in constant t rouble and is.now at BX. Also, 
hole N-22was except iona l l y  crooked and apparent ly the Barnes' r ig  
performance has continued to de te r io ra te  in the las t  number of  holes. 
Hole N-22 is j us t  several hundred feet  from our property boundary. 

Hanna-Getty o f f se t  (N-17) of  our hole SC-25 was a d i rec t  resu l t  o f  b l ind 
competi t ive operat ions,  and at least one man thought they had some "egg on 
t h e i r  face" for  d r i l l i n g  such a "blank ho le . "  (This would suggest that  
they do not have a strong p ipe l ine  in to our d r i l l i n g  or else they would not  
have d r i l l e d  t h e i r  N-17.) 

They are baf f led  by the very rough topographic bedrock surface which they 
have found; i . e . ,  900 f t .  in one hole and 2900 feet  in an adjacent hole 
and have not solved the fau l t  problems. 

Newmont has run abundant GP surveys, inc lud ing attempts at down,the-hole, 
but i n te rp re ta t ions  are not very s a t i s f a c t o r y ,  e i t he r  at  p red ic t ing  
bedrock surface nor m inera l i za t ion .  
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Their interest  in the water problem was probably ilpremature" but honest, 
suggesting this w i l l  be a major problem to be worked on p r io r  to any mining 
plan evaluation. 

" "J. D. Sel'i ~- 

JDS:Ib 

cc: HGKreI s 



Southwestern Exploration Division 

August 31, 1976 

TO: F.T. Graybeal 

FROM: J. D. Sell 

Santa Cruz Area 
Pinal County, Arizona 

Today, August 31, Steve Van Nort invited me to lunch with him. He asked 
that I pass on the following points: 

l) Whey have sufficient encouragment to stay and will take over the Collins 
option (99+% sure). 

2) As they are concentrating in the south and Asarco is apparently con- 
centrating in the north -- he would like to swap north lands for south ......... 
lands, specifically he would like the SWI/4 of section 18 (SC-25). 

3) They are drilling, more or less, on a rectangular 500-foot grid, and 
he offers this grid to Asarco so that if we do further drilling in the 
south we could extend the pattern for ease of integration. 

Other items: 

The water problem is a problem and they have retained John Harshbarger 
for an evaluatic)n. John says it will cost them a substantial amount to 
handle this in any underground operation. 

Getty Oil is the other partner and very interested and, when Newmont 
pulled out, the relationship resumed to 50-50. Hanna is the manager by 
virtue of having an office here. 

Newmont has no retained interest of any kind nor is any payment due 
Newmont. 

Lowell and Associates handle all the geology, etc.; Clark Arnold is the 
principal investigator and all work is done in Tucson, Mounts is the 
field hand and brings the core, reports, etc. in every other day~ 

Fault problems and/or pre-graveI topography interpretation are creating 
abundant problems in elevation, mineral trends, etc. Notwithstanding these 
facts, Hanna-Getty believe the units of copper are sufficient and they are 
expanding as they can. The recent National Exhibition and private parcel 
pickups were not basic mineral potential trends but will be needed in any 
future operations. Steve feels that it is only a matter of time before 
the area is unitized. He cannot reason why Newmont would pull out unless 
they have large reserves of +0.4-0.5% that they can get at easier than 
at Casa Grande. 
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Yesterday, August 30, was the first day that all four core rigs were 
getting core at the same time. One rig was doing redrilling after being 
down for 6 weeks and so the core wasn't new, but it was core! 

The rigs are running better and he attributes it to a little more concern 
on Hanna's part. Lowell etc. are letting the drillers and Joy run the 
rigs. 

Hanna looked into the Francisco Grande and admits it is a losing proposi- 
tion -- but that the golf course is the major drain. Thus they may still 
be interested via help from another party or by closing the major drain 
and picking up the hotel trade (and/or letting someone else have the hotel 
while they take the surrounding ground). 

They are interested in the NAAC ground but are confronted with numerous 
p rob I ems. 

There seemed to be no qualms that Hanna and Getty are in for the long 
pull and will consolidate their position the best they can. 

J D S : l b  

cc: HGKrei s 

s D. Se l l  




