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HISTORY OF EI;{PLOHATIDN AT SILVER BELL , ABIEONA

silver Bell is located about 35 miles northwest of Pucson,

Arizona. I+ is a classic porphyry copper deposls containing enriched

dissamlpated chalecocite ore in altered porphyritic rocks with chaleo-
pyrita ore in(perphyﬁ—ﬂw adijacant skarn zones. The discovery of
Silver Bell wag an evolutionary procsss which oocurrasd ovar a 75

yaar period.

Recorded mining aativity béfan about 185% on Eoot HLILL just
wage of E1 Tire plt wharézgiggggém 1ﬂ%5t¢;§ﬂ warg found o can+ain
15-17 o=. Ag mixed with coppar Dﬁides. By ;874 the Young Amarica
Copper Company wag mining shallow nﬁéuyrencas‘of 30% Cu along the
north sida of the present Oxide Pit, The ore was shippad by wagon
to ¥Yuma, Arizona and then by boat to E&ﬂ;FruqﬁiﬂcG for smelting.

By 1881 the ares supported several mining companies and two small
gmelters and the district wag being faVErably compared to Biéhs%'
in local newspapars. |

Most ©f the ore minad in the peried 1B65-15803 came from pods
of mazgiva zulfide or thelr oxidlzed products which wsre Aiztributed
in an unpradictaﬁl% fashion through a 1afge skarn zone in Paleozole
linestone sgze of EL Tire pit. Ore grades varled from 5-10% Cu.

In 1903 most of tha prcparties ware lngorporated into or pur-
chased by the Imperial Copper Company and the district had a popu-
1atimn in excess of 1000. With the formation of Imp&riai)ndnlng
at Qllvar Eell begame moyre Drgaﬁi ad, production increased, and
by 1919 over 21.miles of workings existed in the district. During

the period 1900-15%098 tha El Tire Copper Company had mined oxidized



products of supergans enrichad ore in a zone of brecciation along

he alasgkite~dacite contact west ol the skarn oras. The aignificance
o expPeswyes . a
/)@f disaemlna+ed chalco;ite in alasklte in the E1

er mine worhings was app;rently reccgni d by tha Imperisl Copper

; CD. which in 1309 acquirsad cantrul of 240 acres owned by tha El Ti

Copper Co. and in 1910 complstad 44 churn drill holes in alagkite

and guarts monzonite porphyry Just southwest qf'the EL Tiro mxneg
Thie drilling covered an arsa about 10060 Ift. by 2500 fe, and dis—

| undw lesched cagpPing
covered enrichad alasaminated Gh&iﬁ&ﬁit%aéu depthk of shout 100 f£t.

' \]
(iéh@ geclogic raporgs which were prasumably written e raﬂmmmend

#h

this ﬂfilling cannet he fuung;) At tha same tine & gimilar drill-

ing program was ztarted by Gxide'ﬁépper Company in the ares adjacent

to tha Young Americs mine:wnrkihgﬂ. fhis program éamﬁ;eted 72 churn

drill holez and also encountarsd Alsseminatsd chalooolie. Fimglly,

in 1809, the Seeley Mudd interests inm Los Angsles drilled 10 churn

drill holes in an altered ares east of the prasent Oxids Pit with
amnost ‘
i\negat va“reaulta.

Prom 1607-1310 Imperial ingreased produs tion sixfold which
caused ore grades to decline to 2.4% Cu. During the same pariod
copper prices fell from %.20 to $.13 and, desplte the opening of
a smaltar in August 1%09, the Imperial Copper Company closed
pperationz in August 1910 and was declared bankrupt in July 1811.

Howavay, the importance of the previous churpn drill results had

not been overlooked.sAnd. Meada Gondeloe. the general manager, wrote

‘in an opsrating report of Novanrber 8, 1310:




vp further element of grast promise had appearsd in the
finding ...... of workabla values in the granitic por-
phyry. Ths mining of porphyry deposits of this character
.,... with no waste veln mattaer to be mined and dis-
earded, can be acceomplizhad at much less cost per ton than
the mining of our contact orebodies, and ...... places the
undertaking on a manufacturing basl=z."

By 1914 copper prices had increased to $.17/1b. and gssvaral
pompanles investigated the digtrict, includlng the American Smaliing_
and Refining Company (ASARCQ). On Bpril 12, 1915, H. A, Guess, a
mining enginear (who would later hecoms Vics Prasident of the
Mining Départmﬁ§§ ané E Diraeﬁmf of ABALCO) ., submittad a datalled
raport of his investigatlons at §ilver Bell whiah gtated:

"T would not recopmend sp&nding money that would be necas=

sary for a thorough sampling and exsmination of the Imperial
minas, ware it not for the posgibilities of the dismaminated

area.”

Guasz sent an additional letter two days latey which stated:

"wWe cannot let this thing go by without locking fully into

it and I therafore racommend, first, wa acqguire control of
the Imporiel Company's PEOREIGY . sw. £ho. disseminated poriion
of it, and similarly =f tha Bl Tiro properiy on the 5LTe
baszla,"” .

In Septemper 1915 ASAXCO swbtained an aption on the Imperial énd{
prokably, the E1 Tiro propertles. fiv& holes ware drilled under
tha suparvision of Juliusz Eruttachnit;'(whm would iafer hecoma
Cheirman of ¢he Board of Me. Igan Mining Co.) to check‘pxevious
work by Imperial. Tha resultf wars ﬂisappﬁinting, but on
Dacambar 16, 1916 Asarao purchassd the fmpatial propertles whigh
ware oparated until 1921; purling 1216 Guagg, Hruttaschnitt, and

J. Gorden Hardy exanined ths holdings of the Oxide Coppér Co.
- which ware evanéually rejected as too gmall and of marginal grads.
The recormendations were influcnced by matallurgical tésta which

indicated 78% recovery of copper into a 14% Cu coacentrate and

perhaps by the purchase pricg of 51 million.



Geologlcal activity was generally low from 1920-1940., In [92%
&8 moland Blanchard made a2 study of §ilvaer Bell outcropes Iin which
he indicated that varlations in the color of limonits on the
waathersad surface diq not baar an obvious relationship o Dre~haaring
rock. In his book (1868) Blanchard amended his earlier observations

arrl nobkad thit maroof-nnlarad ].ﬁ.mmittﬁ wag 2 religbla gulde to chal-

coclte in the guarts manzmn1ta porphyiy (he oalled iz alaski a por-
studdien

phyry), but not in adjclning alaskite. Later zwiiise by Kanyon Richer

and Karold Courtright wers o find that the color of powvderad Limonite

ﬁ,was 8 fairly reliable guide to chalcocita enrlﬁhmgmt rpgardlaszg of
roduced 4 S'CY"'—'?LC-

grock type nr strength of altaration.
In 1929 tha Oxide property was submitted to Asarco a second
time. Blanchard, Kruttsohnitr:, aﬁd H. P, Hill restudied the area
in 1930 and, aftexr a 525,000 program of mapping, underground sampling,
and drifting, estimated a reserva of 10,047,000 tone avaraging 1.46%
Cu in a2 blanket B85 £+, thiek. Howevar, dus taﬁfhﬂ infarred spotty
distribution of mineralization iﬁtérgretéd from surfacs Qutcrops,

g@) the fact that much of the srsa was gs&imﬁted to goptain roughly 1%
Cu which was ¢hen gubmarginalfzgn&icaticns #hat the churn drill
Bampleg wers ot least 0,3% Cu too niah {prasumably due to aop=
ramingtlon from uncaged hclas), anér nfayorakhle projections of
future copper prices, the pbmparty was again rejected.

Following closure of tha. mine in 1921..the aAras becam% a ghast
town and in 1938 Asarco stopped making prbperty tax payments on

~the Impafial propertiss. In 1939 the Pima County Treasurery
advertised the Imperial ¢laims for gala, but(ﬁacausa cartain legal

procedures had not bhean follOWéf) no sale had oocurred by
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April 17, 1940 when H. A, ¥ursell wrote a brief, but thorough sum-
mary of the diszeminated mipneralization in the Sllver Ball distrilct.
Hs noted that:
NN %gtrong shear zone, or zona of bregciation ... through
the El Tiro mins .... heads for the Mammoih Mine ... and
bayond that towards the oxide Copper orebody. This fracture
zona was guite evidently a channel from which copper miner-
allisatisa sproad, end tha Tant £hat ﬁppﬂréﬁtl§ Do compras
hensive mapping wasz ever done onf this copper helt thriea
milez in langth, zuggests to meé that this problem has never
pean sppreachad in a sufflciently broad way."
Kurasall sugagagtad that tha disappolinting rasules obtainad in the
1915 check drilling st E1 Tiro ware partly dus D poor placement
of holea and that a potential existed Io¥ 4,5 million tons Averaging
1.2% cu in & blanket 95 ft. thick. He noted that pines Kruttsehnitit's
report in 1930 tachnological advances in bulk mining, mill construc-

tien, and flotation methods parmittad new cosks te he uzad and agéle

mated that ooppar eould ba produced for about $.D§flb.,§§§ congluded

by recommending purchase of the Oxide Copper and Bl Tiro properties,
Two weeks after ﬁuraall wrote hiz report the Oxide Copper

ﬁﬂmpany property was fgain nffarad to Asargo, thls time for 240,000,

On May &, 1940, H. A. Gusas, hoVW Vice Presldent of Mininq;&@ﬁﬁa

g wrobe W. H. Loarpsbal, Manager of the Southwestern

Mining Departmant, that purchage ©f the Oxlde Copper property had
peen approved, that an imnmediate attempt ba mada @ acgulre the
£1 Tiro Copper Company properties, tnat a1l delinguent taxes on the

Imperial propertias he pald, and that all open ground ba arakad.

an .
On May 8 gmae expenditure of 875,000 was apptoved tQ consolidate
properties at 8Silver bell. Loarpabel sent a coded teledqram on

May 17 indicating competition from Ingpiration and from Calumat.



Mahd Hacla for the El Tiro properties, hut on May 21 wrote that
,ﬁerbal agreement had been reachad to purchase tha prepertles for -
;$10,000. The sale of Oxide Copper propertisgs was approved by Oxida's
 Directors on Juna 3, 1940 and the paymant of £40,000 mede on June 5.
Purchase of the E1 Tirp properties waz conzummated Juﬁa 14 by pay-
ment of 510,000. By July 24, land acguleition stratagies appeared
flrmly aat&biiahad, opitlons on small elaim blocks were being ac-
gquilred, and & recommendeatlon was made to bagin &ampilatinn of a

surface gaclagical map of tha district.

In 1%41 Harrieon Schmitz Eupervisedﬁa == ~-ww: "r¥,iw program
by Lawsaﬁ Enﬁwistlg and H. M. Einggbufy which estaﬁlisﬁed a topo-
graphic base bstwean the El Tiro and Oxide arsas and ﬁappéa Bll |
rock types. fTheilr rapert did not consider the extént of suriace
alteration and Kingsbury concludad that in the EL Tireo araa there
ware no relisble indications in Qﬁicrsp which ocould prediet the
continuity of gecondary enrichment.

it:gggjﬁﬁgﬂagnized inn 1214 that the Dxide prea was glearly the
lerger of the twe disseminated dapméits and Kruttschnitt‘a‘sﬁggastibnﬁ
made in 1930 regarding lnaccurats driil results were of congiderable
eoncern, FPurthar work was deferved untll afier World war IT and
in 1948 a churn drill program wﬁ'z begust in the Oxide area to chatk
the previous results and £m locate extansionsg df known mineralization.
It was also recoynlzed that reliable guldes to chaleoeite anrichumant

o aud them wmad o outde deitheg mora e-ﬁéﬂ&éﬁf
which could be interpreted from outcrop studieaﬁhaﬁ yat to be
estaplighed. In 1947 Prof. Paul F. Rerr of Columbia Univarsiiy wagR
retained to atuéy the distributlon of alteration, which he had

previously found to he a useful ore guids at Santa Rita., In
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. Nuéamber 1947, Harold Courtright was aent to Tucson by W. R
Landwehr, Chief Geologist for the Westarn Mining Depsrtment, to
sat up and supervise the churn drill progranm and to make a sbtwdy
independant from Kerr's of the geology of the arsa as it ralated

o the intsrpretetion of the aArill results.

Kerr o e that surface alearetion could

be ueed BB an Qre § dleps of whether aé&&%égnﬂéﬁaurface )

indiecatieons of mineralisatlon were present. Latex drilling suggested
that surface'altératiﬂq.was nokb thekprincipal guide to superdans

ore snd, in addision, that soma pf the altgrati@ﬁ was itsalf of
gupergsne nrigin. In July 17, 1448, Courtright roportad that:

va gtudy of the outcrops ovar +he Oxide orebody and.ad)acent
b s Blsclosed the fact that notable variations & both

the color and intengity of ragidual limonits wers presant.

The attached 200=-scale mMep wak praphred Lo depict the dis-
tribution and relative intensity of coppar mineralization as
svidencad by characteristle 1imcnite visible in the hedrock
expppures, Tha characteristic limonite, apparently derived.
from pyritiec chaleoglte, possaizes s color varying from purple
tinged dark rad to chooolate brown. In contrast, the oukcrops
over essentially pyritic hodies eyxnibit yallow and brick red
colorg.”

"glune-green sktaing and veinlats, represanting chryso-
colla for the most part, ars prominent in soms of +ha alaskite
outcrops in the Brea. ... Such Breas, claszssd as weakly
wineralized, are Aot considared to hold potantialicies in
respect Lo digsaninatad coppar ore, reagardless of +halir
apectasular appeiranca.”

ur1lizing the above guldes an aventual mining reserve of

million tons avaraging % Cu wag defined in thae Oxide area.
Alsa in Aoly repoftedoy

o s 1948, Kenyon Richavdé and J. ¢, Playter gisiEsd the area of
pravicualy indicated Adisseminatad minayalization 1n the El Tiro area.
Interpreting zonas of strong gheeting in alaskite and a charagcter-

{ptic "1live" limonits as ore guideg they racommended 20 holss whieh

eventually led to the definitlon of a mining reserve of
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in 1951 the Dafense Materisl Proocurie=

ment Agensy guaranteed to purchase 177 million pounds ©f ncppar

Lo /W?ﬂi: l:
ﬁ thra flrs%:fbls’? million pc\\mﬂs prmducﬂ:d at $.245/1b. (

ovre af— Foso T &, \beJan

ln March 1954 .

In 1959 $tephen von Fay bagan & fisld study under the dirsgtion
of Righard and chrtrlqht pf thu &xplﬁratiqn PQSEibilluiEE for small
high grade coppar deposite in the s}garn., east of 21 fﬂircs pit. Hs

alzp reviewad old file data previously soguired frcm rha Imperial

Copper Company and found pumngrous cammenhs regavdlng "1ow grada

.. s Cupriferous pyrite", vimpercepbible grading of ors in stopss
ipto nop=ore grade materigl®, and corIB intarcepts containing

Y
0,4-1.0% Cu being desoribed as "bayren yock." fon Fay's work led

ro recognition of the potantial for disseminated minaralization

in the altared ssdiments, and subaaquant driiling in this arsa dafinsd

a zona contalning roughly 10 million tons averaging 0.8% Cu as chalgo=_ "

pyrite mverla%n by an adniticnal 10 miilion tons oI Glidl”&d material
{

averadging! l%;ﬂu =1z} chryancmlla nnﬂ malachlte‘ APrnaucf&an o date at

silver Bell has been ?’ﬁ milllnn tons averaging ‘jﬁ‘ & Cu.

T 7  The lmportance of silver Ball to Asﬂrco grangends 1lts mers

profitabllity. Tt was the Company's first opai pit and large-scale

mining oparation and w&s 2 major step voward greatar int&gratinu

of mining opexations into what had prevxéusly been largely &2 stalting

and refining business. In addition, the succesa of 8ilver Bell and
she emerging importance oI arizona as a majer porphyry Copper province

1ed to the organization of a porphyry COPFSX program by Renyon Richard

. and Haraold Courtright which resnlted in disgoveries at Misslon, Sacaton

and slzeshaere.
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Exploration Department , 2{5 '\%%(5
Frederick T. Graybeal g?,? )
Chief Geologist ’

July 27, 1983

Mr. J. D. Sell, Manager -
Southwestern U.S. Division
Tucson Office

Regional Structural Control of
Mineralization at Silver Bell

Dear Mr. Sell:

I have your note of July 13 which resurrects the hypo-~
thetical caldera setting at Silver Bell. I have wondered
about this for the past 20 years or so and am not the first
one as you note. Control of the alteration at Silver Bell
by a ring structure is certainly a possibility particularly
in view of the vast volumes of volcanic rock which must have
generated some type of collapse phenomenon subsequent to
eruption. In addition, because Silver Bell is eroded to
moderate depth, it is likely that the perfectly.circular
symmetry common in high level calderas might become dis-— A
torted by basement structures and one could therefore argue
that the lack of perfect symmetry at Silver Bell is merely a
function of depth.

The major structural feature between 0Oxide and E1 Tiro
pits is a healed fault structure which separates alaskite
and Mesozoic sedimentary rocks on. the southwest from Paleozoic
sedimentary rocks to the northeast. This line''can be seen
on the hydrothermal alteration map prepared by Richard and
Courtright as it follows the southwestern limit of silicated
limestone. It is interesting that this very fundamental
structure actually cuts across the alteration zone in the
EJl Tiro area rather than running parallel to it even though
the structure is of pre-mineral age. It is likely that the
near north-south orientation of the alteration zone between
El Tiro and north Silver Bell follows a swarm of high level
quartz monzonite porphyry stocks which, in this area, have
a nearly north-south elongation. On a larger scale, however,
when the alteration zone is traced farther to the north be-
yond the limits of the Richard and Courtright map it actually
bends back to the west again taking the shape of a giant
cymoid loop with the E1l Tiro area in the bend of the loop.

ASARCO Incorporated 120 Broadway New York, N.Y. 10271 (212) 669-1000
Telex:ITT 420585 RCA 232378 WUI 62522 Cables: MINEDEPART Telegrams: WU 1-25991



Mr. J. D. Sell -2 - July 27, 1983

I want to emphasize very strongly that the northeast-
striking veins at Silver Bell do not follow pre-existing
structures. They are the structures and probably formed by
a phenomenon similar to hydraulic fracturing. The same
also applies to the quartz monzonite porphyry and monzonite
porphyry dikes extending northeast from El1 Tiro pit. It is
important to recognize that the El Tiro area does not owe
its location to pre-ore northeast-striking structures, but
rather to an intersection of a northwest structure and a
north-south structure. The northeast structures in the El
Tiro area and elsewhere within the alteration zone at Silver
Bell are all syn-ore.

Very truly yours,

F. T. Graybeal

cc: WLKurtz
mﬁﬁCourtright



May 18, 1984
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Memo To: B.K. Malone

From: David Sawyer

Subject: Exploration Possibilities Around The Oxide -And
El Tiro Mineralized Centers, Silver Bell District

At the end of my two year period of field work in the Silver Bell
District, I felt it might be useful to write my impressions on areas
of exploration potential that remain to be fully examined. These
conclusions are based in part on my own work, having geologically
mapped around the Oxide and El Tiro areas at 1:24,000 scale, and in
part come from having reflected upon previous geologic work on the
district written in articles, reports, theses, maps and cross-sections;
supplemented by my own examination of drill core and drill logs while
collecting samples for my own study. The conclusions are certainly
preliminary, and would need further geologic work to evaluate. Perhaps
some of them can be laid to rest based on more detailed knowledge of
other workers who are more familiar with Silver Bell than I. The
discussion following will be broken down into areas of potential high-
grade reserves, and potential low-grade reserves.

POTENTIAL HIGH GRADE RESERVES

Supergene Enrichment Blanket Mineralization

After studying the geology of the Silver Bell District in detail for

two years, I am confident that Kenyon Richard, Harold Courtright

and other early workers have identified all areas of significant leached
capping and potential high-grade chalcocite blanket-type mineralization.
All potential targets in the alteration/mineralization zone extending
from North Silver Bell to El Tiro to Oxide (which my studies indicate

is a ring fracture margin of a caldera) have been carefully identified
and evaluated. Some potential for low-grade mineralization of this type
exists and will be discussed in a subsequent section.

Skarn or Tactite Mineralization

I believe that the best possibilities for additional high-grade copper
reserves in the Silver Bell district are associated with skarn mineraliza-
tion in areas adjoining the El Tiro and Oxide pits. The caldera model
has significant implications for the search for skarn ore, because of

5-10.10



Page 2

Exploration Possibilities Around The Oxide And

El Tiro Mineralized Centers, Silver Bell District
May 18, 1984

the perspective it will provide on the distribution of favorable
Paleozoic sedimentary host rocks for replacement. In contrast to
previous interpretations of the Paleozoic sequence at Silver Bell

as being a complete section tilted homoclinally to the east (Merz,
1967), my work has shown the Paleozoic rocks to be affected by
significant omission of strata caused by bedding plane thrust faults
{Laramide, precaldera), as well as large scale structural juxtapositions
of internally coherent caldera collapse megabreccia_blocks. These
structural complexities will take detailed geologic mapping to resolve,
in order to have predictive understanding for locating exploration
drill holes.

W El Tiro: (W of Daisy pit) Several exploration holes have been collared
in the alaskite (biotite granite) and then crossed into strongly mineral-
ized skarn, interspersed with minor dacite porphyry (Comfidence Peak
lithic tuff). Grades have ranged up to 0.8 - 2%, though generally for
not more than a couple of benches (except in hole D218 where 368' of
1.09% Cu was intercepted; hole 241 also has higher-grade ore). Some of
this mineralization is moderatly deep, occurring between 2300' and 1800
elevation. The contact between the biotite granite and lithic tuff

(and enclosed sedimentary rocks),is an expression of the ring fault zone
and appears to dip steeply west. Significant areas in the footwall of
this contact zone remain to be tested for the distribution and grade

of high-grade Cu skarn ore.

N W Oxide: (area from just E of N Butte to NE side of Copper Butte, N of
Dump #3, W of the dike). Strong skarn alteration exists at the surface
in this area, but the downward extension of it has not been thoroughly
tested. Unfortunately, some areas at the surface have been covered by
waste dumps. Moderate grade Cu skarn mineralization (0.5 - 1.0% Cu)

has been drilled in this area, but the vertical and lateral extent of
this mineralized zone and its overall grade has not been determined.
High-grade potential would seem to be strongest toward the SW, adjacent
to the contact between the lithic tuff and the biotite granite or quart:z
monzonite porphyry.

Nightingale Mine area: (basin midway between Oxide and El Tiro). Skarn
alteration in this area, particularly to the W as the contact between

the lithic tuff and biotite granite is approached, is locally strong

but to my knowledge potential mineralization has never been tested by

the drill. An orthoclase quartz porphyry pluton occurs in this vicinity,
and is very similar to one associated with ore in deep drill holes in

the E Extension area. The pluton is relatively unaltered but the
possibility exists of deeper mineralization associated with its contact
margins.
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Exploration Possibilities Around The Oxide And

El Tiro Mineralized Centers, Silver Bell District
May 18, 1984

POTENTIAL LOW GRADE RESERVES

By this I generally mean areas of hypogene or low-grade supergene
mineralization in silicate igneous rocks, at Silver Bell ranging in
grade from .2 - .5% Cu. Two main areas strike me as having poorly
constrained potential reserves in this range of cutoffs, though
undoubtedly more remain. In fact, most of the area beneath the present
exploration drill coverage in El Tiro and Oxide pits (which bottoms

out close to the present mining surface) could be considered as
potentially containing low-grade reserves.

Imperial Stock: This is the pluton which occurs between the main El Tiro
and E extension pits, and is well exposed on the W side of the E extension
pit. In previous works, it is often referred to as the '"barren pluton'.
However, my interpretation of the drill logs from the very few holes
drilled into its margins indicate that no holes have been drilled much
below the leached oxidized zone, or evaluated the grade of hypogene
copper mineralization below through most of its area of outcrop. The
observed "barren" quality of the pluton may in part be a function of
surface leaching. Inspection of leached capping in outcrops shows no
evidence that would indicate a high-grade chalcocite enrichment blanket
at depth. However, there may have been weak enrichment of a hypogene
protore which would constitute a potential low-grade Cu resource. At
least a few exploration drill holes should be drilled to evalute hypogene
Cu grades in the Imperial stock and potential low-grade enrichment.

E of Oxide: 1In the area between Oxide pit and the deep drilling associated
with the E Silver Bell exploration project in the mid 70s, there exists

an area of moderately strong to strong alteration tested by only a low
density of drill holes. The potential exists in this area for weak
enrichment forming low-grade chalcocite bodies, as well as deeper hypogene
Cu mineralization. In this area the question of whether the ore bodies
were tilted ENE along with the Laramide volcanic rocks in the central
Silver Bell Mts. assumes importance. If the ore bodies are tilted, then
hypogene mineralized horizons would occur at progressively greater depths
to the E of the main Silver Bell ore zone. A test to evaluate tilting

of the ore bodies would be a paleomagnetic study of the Silver Bell
district. Such studies in the Yerington, Questa, and Red Mt. (Henderson,
€0.) mining districts have documented the extent and timing of tilting

and their effect on ore distribution.

D5/me

cc: SAAnzalone
WLKurtz
JDSell
FTGraybeal
RCummings

LJohnson
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Southwestern Exploration Division

July 13, 1983 JUL 15 1983

File Memorandum

Comparison of Silver Bell, AZ
Fault Pattern with
Goldfields, NV

Mr. David Sawyer, University of California, Santa Barbara, doing a Ph.D.
dissertation in the Silver Bell region, remarked in his visit to this
office in June that perhaps a caldera setting was possible at Silver Bell.
Such a feature has been suggested in the past but I cannot recall any
serious writings on the problem.

It is interesting to compare the Ashley Figure 1 (attached) of the fault
pattern of the Goldfield, NV District, with that of Richard and Courtright
(Figure 1 attached) of the mineralized zomne at Silver Bell, AZ. I have
sketched on the equivalent portion of the Silver Bell zone onto the Gold-
field map.

Note the curving sweep of the El Tiro-oxide zone tailing eastward with the
intense northeast fracture zones controlling the location of the orebodies,
with that portion of the Goldfield zone. The Goldfield ore zomne is also
essentially where the northeast faulting intercepts the sweep of the curving
fault pattern on the west to southeast.

Also attached is Figure 8, Ashley, showing the hydrothermal altered and
ore-bearing areas at Goldfield. '

In both cases--Goldfield and Silver Bell--the major deposit(s) found to
date are at the northeast fracture junction with the inflection portion
of the sweeping curve; equivalent to the southwest portion of a caldera
root system.

7
4934¢;%i;<Z€J42¢7
James D. Sell
JDS/cg
cc: JHCourtright

Reference

Richard, Kenyon, and Courtright, James H., 1966. Structure and Mineraliza-
tion at Silver Bell, Arizona, in Geology of the Porphyry Copper Deposits,
Southwestern North America, Titley and Hicks, Editors, Univ. of Arizona
Press, p. 157-163.

Ashley, Roger P., 1979. Relation Between Volcanism and Ore Deposition at
Goldfield, Nevada, in Papers on Mineral Deposits of Western North America:
Nevada Bureau of Mines Report 33, p. 77-86.
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ASARCO Incorporated
Silver Bell Unit
Silver Bell, Arizona

J66 m 75 .=
(/)‘;. sk&\"f;

March 1976
1.H1.G

FEB 7 ~ 1910

LOCATION: Silver Bell, Arizona,40 miles northwest of Tucson, Arizona.

2 Pits - Known as Oxide and El Tiro - Approximdtcly 2% airline

PLANT:
miles apart or 3 miles by haul road.

Crushing Plant - 600 Tons per hour capacity - Ore crushed from
maximum size of 48 inches to 1/2 inch for mill
feed. :

Mill = 11,400 Tons per day capacity or 4,000,000 Tons/Year.
Concentrate shipped to Hayden for smelting. -

HOUSING: 175 two and three bedroom houses - 24 two and three bedroom
: apartments. One trailer court for private trailers.

300 Employees, living in Silver Bell, Avra Valley and Tucson.

Recreation Facilities: Other Facilities:

Post Office
Grocery Store
Barber Shop

Recreation Hall
Swimming Pool
Ball Park

Wells drilled on ASARCO land in Avra Valley. 18 inch pipe line
from wells to mill - 8 miles. Static Head 950 feet from water
level to receiving tank. Estimated percent consumption 2000 gals/min.

WATER :

Electrical power purchased from The Tucson Gas & Electric Company.
Consumption: Six million kilowatt hours per month.
Natural Gas used for heating. '

. POWER:

/(¢$evv-. .ZQ Ao .72 /‘,“»755

MINE PRODUCTION TO JANUARY 1, 1976

Oxide Pit: 23,689,000 Tons Ore
17,817,000 Tons Leach
30,825,000 Tons Waste
82,331,000 TOTAL TONS

El Tiro Pit: 36,584,000 Tons Ore
38,023,000 Tons Leach
84,587,000 Tons Waste
159,194,000 TOTAL TONS
241,525,000 Total Tons moved to date.

PRODUCT PRODUCED:  Copper Concentrates 64,000 Tons/Year
Cement Copper 5,600

Tons/Year
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ASARCO .
SILVER BELL DISTRICT

Menzonite and Svenodiorite dike swarms
related to Mineralization at Silver Bell
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Total

Miles Interval

0

1.1

5.8

2.1

9.3

9.4
9.3

9.8

10.5
1G.6

10.8

12.6

!

o

k.7

: - ROAD LOG : - -
WEST StLVER BELL MOUNTAINS :
1969 AGS Spring Field Trip

Meeting begins at ASARCO parking lot, Ti50 N. 7th Avenue.
Caravan will take Speedway west to the freeway (Casa Grande
Highway! and travel north. Log begins at the Ruthrauff Rd.
overpass. Truck stop complex on the right.

Road Log
Ruthrauff road overpass.

Orange Grove Rd. Amole Peak at 9 o'clock is the high point in the
Tucson Mountains.

Cortarc Rd. overpass. Safford Peak at 9 o'clock, is a dacite neck.
The low ridges on the left are mid-Tertiary volcanics. Picacho Peak
is dead ahead on the skyline (visible unless smog is unusually heavy)

Prepare to take right hand ramp off freeway at Avra Valley Rd., exit
! mife. HMove to right hand Tane.

Exit.
STOP., Turn left, Bd. sign points to RILLITG.
DO NOT turn right at sign RILLITO. Continue

Small sign on the left directs to ASARCO, SILVER BELL--23 wmiles.
Follow this paved road.

Crossing north tip of the Tucson Mountains., B8ridge crosses
Santa Cruz River.

Road cut in mid-Tertiary andesite.

TRUCK CROSSING, EAUTION, Arizona Cement Company plant at 3 o'clock;
limestone quarry at § o'clock is an outlier of Paleozolic strata,
known as Twin Peaks or {older ref.) Picacho de Calera.

At 9 o'clock: Looking south into Safford Peak, a volcanic neck
intrusive intc gently dipping mid-Tertiary volcanics. The
horizental strip of white visible ahead just below the skyline is
the Silver Bell tailing pond.

At S o'clock, Twin Peaks and & ltow hill to the north, both Paleozoic
limestone outliers. Ahead on the skyline, the Silver Bell tailings
pond is in a narrow valley basin between the Silver Bell HMountains

on the north and the VWaterman Mountains on the south. The high

peaks in the Central Silver Bell Mountains are formed of Laramide
fgnimbrite; the jagged peak to the north is Ragged Top, an aroded
mid-Tertiary plug. To the southwest, about 10 ote¢lock, Kitt Peak

on the skyline, as s Baboquivari Peak about 9 o'clock. The Tow
range in view on the southwest is the Roskruge Mountains, of Laramide
volcanics.



Ca2-
ROAD

Total ) -
‘miles Interval
14.8 2,2 Crossing Avra Valley--good farm land.
19.3 4.5 Your car is pointed at the Silver Bell tailings pond. Ragged Top
" on the skyline at 1 -o'clock. The Sasco Hills at 2 o'clock form
the low skyline. Picacho Peak and Picacho Hountains are at 3 o'clock.
23.8 4.5 Low hills nearby on the right are post-mineral, mid-Tertiary andesites.
A conglomerate beneath the flows contains altered porphyry fragments
with cavities derived from leached sulphides.
27.6 3.8 Enter a slightly trenched pediment carved on tilted Cretaceous {7)
Clastic sediments. _ ‘ '
28.5 0.9 Tin Buildings in a little saddle at 10 o'clock, with the narrow
road leading up to them, mark the Indfana Mine, a lead-zinc
replacement in Paleozoic limestone. The limestone bluffs on the
left form the north edge of the Waterman Mountains.
29.0 0.5 Titan Missle site at 9 o'clock.
30.2 1.2 Tailings pond on the right.
30.8 0.6 Road sw?ngs northerly toward Silver Bell camp. Brown colors in the
' foreground hills indicate a pervasively mineralized zone of igneous
rocks. The hump=back hill at | o'clock is Portland Ridge--possibly
an intrusive ignimbrite; Silver Bell Mill is at Tts base.
31.6 0.8 Resfdence area on the left. Mine offices are ahead.
31.7 .1 Stow, 15 mph. Turn Teft at the speed limit sign.
31.8 0.1 Swing around the loop and enter the paved road going scuth,
31.8% 0.05 Cattle guard. You have gone too far. Back up 100 feet and turn
: right on a graded dirt road, a part of the old Silver Bell road
maintained by Pima founty. Please do not get lost here.
3l.9 0.05 Turn sharp left and follow the graded road.
32.2 0.3. Cretacecus red beds,
32.3 0.1} Corrals and ranch house.
32.6 3.3 Leaching plant at 3 o'clock. ATtered igneous hills at 1-2 o'clock.
32.8 0.2 Veak alteration of K? sediments.
34.# 1.6 From the last peoint the road has run parallel and slightly west of
the 1imits of pervasively mineralized zone. ‘ '
34.9 0.5 From last point road is on weakly altered and mineralized igneous rock.
35.1 6.2 0ld smelter slag dump. BS
36.0 0.9 Point of dump by road. From last point road has crossad streaks

of very weak mireralization. The main zone of pervasive minaralization
is to the east. '

L0g R TS



Total

Mi]es»‘nterval

36.3
36.8
37.2
37.8
37.9
38.0
38.8
Lko.o
40.3
£1.0
Li.7

42,1
42,3

42.5

42.6
k2.8
43.2
43.5
h3.7

LY,

(¥ ]

k5.5

45.8

Lé .1

0.3
0.5
0.k
0.6
0.1
071
0.8
1.2
0.3
0.7
0.7

R

0.2

0.2

0.1
g.2
0.4

0.3

0.2

1.2
0.6

0.3

0.3

-3-

ROAD_LOG | e ey

Road enters unaltered igneous fock.

Cattle guard, Atlas Mina (Ieéd-zinc replacehent) at 2 o'clock,
County road curves right. Take left fork.

'Cross road, turn left. - |

Graveyard.

Take left fork.

Road leading north. Continue straight.

Fence and gate. Continue ahead.

Fence and gate. Enter Papago Indian Reservation (SW Cor.Sec 31, T11S,R8E),
sharp ridge‘of Claflin Ranch formation, at 3 c'clock, dips 3CCE.
Low hilss of andesite and Cretaceous sediments.

Road leads north to Gato Peak. Continue ahead.

Take right fork.

Cretaceous sediments on the right. Paleozoic limestone makes sharp
gray ridges ahead. o

Take Teft fork, along powef Iine.

Paleczaic Timestqne,'dips east, on ridges shead.
Take road leading north (tq the right).

Take right fork.

Stop 1. Hike about 400 yards up to Cretaceous-Paleozoic contact.

A basal conglomerate is present, overlain by arkoses and siltstone
of presumed Cretaceous age. The litholagy is similar to that of the
Amole Arkose in the Tucson flountains.

From Stop 1 drive northerly following bulldeczer road and fire tracks
overland as required.

Desert Auto road crosses bulldozer trail. Turn right.

Gato Peak at 1 o'clock, Claflin Ranch fm, dips NE. Sharp peak of

K sediments, at 3 ofclock, dips steeply HE. Ahead, Ridges and Peaks
formed from Silver Bell and Claflin Ranch formations. Begin detour
to stops 2, 3, and 4. Take bulldozer road south {turn right).

Stop 2. Claflin Ranch formattion. ?Eb?ated outcrop of grits and _
siltstone, dipping HOPHME. Ignimbrite at this stop might be intrusive.

Stop 3 (brief) Small exposure isolated in alluvium. Ledge of typical
limy grit and conglomerate of the Cretaceous section. Dips ?GONE.



L

Total | | | ROAD LOG ,

Miles Interval _ :
- k8,8 0.4 Stop 4. Hike east, down slope and cross small wash onto next ridge,-

: ’ about 300 yards. Cross steeply inclined strata typical of the
Cretacecus section. Thin beds of argillite and sandstone, and some 7
‘thin silty limestone. All slightly metamorphosed. Return to beginning
of detour. Turn right, and continue on desert auto road.

L48.0 1.5 Begin detour to Stop 5. Take cross rpad right 0.8 miles to southern
base of Gato Pezak. Do not take any left hand forks. :

L8.8 0.8 Stop 5. Claflin Ranch formation forms the resistant ledges of Qato
‘ Peak, overlying the andesite conglomerate and/or flows, and/or

intrusive andesite. The attltude which can be seen in-a few places
is parallel to the Cretaceous strata on each side of this andesitic
cemplex, and is markedly divergent from the attitude of the overlying
conglomerates of the Claflin Ranch. Ve interpret ine contact as an
unconformity possibly equivalent to the Tucson surface in the Tucson
Mountains. Refer to the geologic sketch map for better visualization
of structural relationships. .

L9 .6 0.8 Return to beginning of detour, turn right and continue on desert
auto road, : :
k9.7 0.1 Abandored windmill.
50.0 0.3 Large wash. Drive or walk south toward stops 6, 7, 8, and 9.
5a.1 0.1 Step 6. Cat Mountain rhyolite; Dips 159 ME. Laramide welded ignimbrite,
50;2 ‘ 0.1 Stop 7. Arkose with a few pebbles. This could mark the erosion surface

present in some localities at the base of the Cat Mountain (as in
the Roskruge Mountains). :

50.3 0.1 Stop 8. Andesite. This does rot display the typical laharic breccia
texture of the Silver Bell formation, but s probably more or less
equivalent to that formation (Note: if Caravan drives down the wash,
turn around at stop 8).

50.5 0.2 Stop 9. Sandstone and andesite-conglomerate of the Claflin Ranch
formation underlie endesite breccias of the §ilver Bell farmation.
The length of time at this stop will depend partly cn the temperature
and general state of decay of the dead cow in the pothole at the
contact above described.

51.61 0.5 Return to detour point and continue.

51.1 Q.1 Stop 10. Valk east up slope for outcrops of Cat Mountain rhyolite.
Begin return route, crossing the northern part of the Silver Bell #ts.

51.6 0.5 Cattle guard.

52.2 0.6 Take road leading east {right). Before turning, pre-Cambrian granite

ridge forms skyline at 10 o'clock.

- 52.3 0.1 The black mesa ahead is HTd~TettiaryﬁEEéaftq

53.3 1.0 'Crossing the point of a ridge of mid-Tertiary basalt.



Do ROAD LOG wd
Total : o v ) . '
Miles Interval 7 .
53.4L 0.1 Connection with desert road, turn left.

53.9 0.5 Turn right on road, along fence.

54.1 0.2 Take right fork. )

54.9 0.8 Turn right, then teft and pass through gate on 2 road crossing easterly.

56.2 1.3 Light tan rock on lower slope of Mesa, at 10 o'clock, Is pre-tambrian
granite which lies beneath the basalt flov.

57.6 1.4 gattle guard. Turn left on the old Silver Bell road. Before turning,
Ragged Top is at | o'clock. The mid-Tertiary volcanic-textured plug
intrudes along a fault, striking WNW, which brings pre-Cambrian
granite on the north against Laramide volecanics on the scuth.

59.3 2.7 Left bend in road. The straight, even line of the road ahead is

' because the road is built on the old railroad grade which connected
the Sasco Smelter with the Imperial Copper Company mines at SiTver Bell.

60.0 0.1 Turn right and return on the Cocio Ranch road. Note: This turn off

o s easily passed up as the road is shielded from view by brush.

61.5 1.5 Ragged Top at 3 o'clock.

63.1 1.6 Pediment cut on crumbly pre-Cambrlan granite.

63.6 0.5 El Paso gas line.

66.5 2.9  Entering alluvial slope to the Santa Cruz drainage. Post-mineral
volecanic hills (Sasco Hills) are to the north; an isolated volcanic
knob is to the south.

72.2 5.7 Connection with road crossing. Turn right.

7L.6 2.4  Trico Compressor Plant.

79.2 4.6 Connection with cross road. Turn right.

79.7 0.5 Connection with Avra VYalley road. Turn left.

85.9- 6.2 Casa Grande Highway (freeway). Turn right and return to Tucson,

' NOTE: Alternate route thrdugh Red Rock to Tucson. Continue past
60.0 miieage at Cocio Ranch road. '

2.1 2.1 Pre-Cambrian granite on the right. Sasco Hills immediately ahead,

~made of mid-Tertiary volcanics and conglomerate. '

65 .5 3.3 . Ruins of Sasco camp on the right.

65.7 0.3 Ruins of Sasco Smelter on the left. .

67.6 1.9 Santa Cruz River {with water, toc! }

72.7 ,’5.1 Red Rock. Turn right to connect with Casa Grande Highway to Tucson.
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AMERICAN SMELTING AND REFINING COHPANY
. Tucson - Arizona-

January 12, 1972

Mr. R. B. Meen
"Building

Silver Bell District
Pima County, Arizona

Dear Sir:

Enclosed is a copy of my letter to Mr. Collins recommending a thorough

study of the ‘'greater' Silver Bell district. Both Mr. Collins and Mr.

Snedden have given their approval for this work. Mr. Snedden requires

that the Silver Bell geologist not neglect his normal duties to help

the Southwestern Exploration Division and, further, that the Exploration

Division will inform Mr. Jameson whenever they will be working on the
. ' Silver Bell Unit's ground.

| am assigning Mr. Graybeal to conduct this study and | am sure you,

Hr. Jameson and Mr. Cameron will help him in any way you can. Because

of the need to find outlets for the acid produced at Hayden, Mr. Graybeal's
immediate attention will be placed on the search for and development of
oxide copper reserves.

Mr. Graybeal will plan to start work in the Silver Bell District
immediately.

Very truly yours,

(L K@

. Kurtz

WLK:lad
Enc.

cc: JJCollins - w/o enc.
TASnedden - w/o enc.
JHCourtright - w/o enc.
. DRJameson - w/enc.
. FTGraybeal - w/enc.
JWCameron - w/enc. -

bc: RBCrist - w/o enc.
JDSell - w/enc.aﬁéﬁ
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AMERICAN SMELTING AND REFINIHNG COMPANY
Tucson Arizona

December 20, 1971

Mr. J. J. Collins
Director of Exploration
Hew York Office

Silver Bell District
Pima County, Arizona

Déar Sir:

For sometime now | have considered that a thorough geological study of the
Silver Bell District should be conducted by the Southwestern Exploration
Division, For this study | would consider the Silver Bell District to mean

a large area surrounding Silver Bell and not just the known, exposed alteration
zone.

The purpose of this study is to locate copper targets both within and outside
of Asarco's ground. The work within the main district would be coordinated
with the Silver Bell Unit and, hopefully, the Silver Bell geologist will have
time to aid in this study.

This work would utilize all existing information {geclogy, drilling, assays,
geochemistry, geophysics) coupled with the appropriate field and laboratory
work. This in-depth study will point up not only residual targets within the
main district, but also new possibilities outside of the main district. The
study will be concerned not only with near-surface targets, but also
possibilities at depth. Though testing of the deeper targets may not be
undertaken at this time, it is an integral part of any thorough study of a
major mining district. An important part of this study will be the endeavor
to locate oxide copper reserves. As you recall, in our discussion of oxide
copper deposits earlier this month, the Silver Bell District was thought to
hold one of the best potentials available to Asarco.

An important outgrowth of this study should be a better understanding of the
copper mineralization at Silver Bell, its regional setting, and its similar-
ities and dissimilarities to the Lowell-Guilbert model., The information
gained in this study should greatly aid in our continued exploration for
porphyry coppers in the southwest,

With your approval, | should like to appoint one of the Division's geolegists
to this interesting and difficult assignment of a thorough, intensive study
of the ''greater'' Silver Bell District. Since the work will involve a study
of the records of the Silver Bell Unit, will you please obtain Mr. Snedden's
permission for us to have access to the property and pertinent records.

e //«/3

W. L. Kurtz
WLK: lad
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AMERICAN SMELTING AND REFIN!NG COMPANY
Tucson Arizona

December 4, 1969

TO: J. H. Courtright

FROM: W. G, Farley

Geophysical Surveys
East Silver Bell Area
Pima County, Arizona

On September 5, 1969, a report was submitted to you covering geo-
physical surveys in the East Silver Bell Area. Attached to that report
was a Silver Bell Peak Quadrangle base map with geology after the
Arizona Bureau of Mines Pima County Geological Map. Following a review
of the East Silver Bell geophysical report, Mr. W. E, Saegart suggested
several revisions in the geological base map. Attached to this memo is
an updated geological base map of the Silver Bell Area which is to be
substituted for the earlier base map. Also attached to this memo is an

expanded ASARCO Aeromagnetic Map of the Silver Bell Area.

On the Aeromagnetic Map are also Afmag crossovers from a 1968 McPhar
survey which suggest fault locations., Of particular interest are the
fault type Afmag anomalies near the Ragged Mt. Fault and the fault type
Afmag anomalies over the aeromagnetic low lobe southeast of the Ragged Mt.
Fault, These coincident features would tend to confirm the author's
earlier interpretation in the September 5, 1969, report suggesting that
the aeromagnetic low east of Silver Bell was caused by a southeast ex-
tension of the Ragged Mt. Fault Zone having hydrothermal alteration and
possibly base metal mineralization, '

Another bit of favorable information recently brought forward is an
exploration note file by J. D. Sell reporting a shear zone in precambrian
granite containing weak alteration and spotty mineralization in the
vicinity of the coincident aeromagnetic low lobe and the Afmag crossover.
(See attached note file by J. D. Sell.) ’

At this time additional {.P.-resistivity depth probes are planned
for the center of the East Silver Bell Aeromagnetic Low to try and de-
tect sulfides at depth. Also, l.P.-resistivity traverses will be run
over the aeromagnetic low lobe in the area reported by Mr. Sell for the
detection of possible shallower sulfides., Revision of the author's
earlier recommended deep drilling program may follow the additional

l.P.-resistivit rveys, o al. ,
e y survey s S Z L
Wayne G. Farley /

WGF/kvs

cc: RJlLacy
WESaegart

IDSell =&y i
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EXPLORATION NOTE FILE - RECONNAISANCE

N %, Sec. 34
T 115, R9E
. Pima, County

Location:

e

‘,k"ﬁ‘s;

- State

Property Red HiT}
Area Silver Bell Peak

DistrictNE Silver Bell
Mt. Range ‘

N7 1989
Q

Arizona

Field Check by: James D. Sell
. . e

Recommended Company
Interest Classification:

[ First Order
1 Second Order
{1 nactive

I?(_—I None :

[] Technical

Conclusion: The coloration is fresh Precambrian granite
with only minor aplite zones.
was noted,all other rocks surrounding the hill is either
volcanic tuffs and flows or alluvium.

No alteration or mineralization

Notes on Recconnoissance:

zZones.

and goes under the alluvial cover,.
system and flows cover the granite and dip off to the south.

covers. eastward,
at each wash crossing.

RYE) .

Red Hill is fresh Precambrian granite with only minor aplite
The granite covers the main hill and extends outward to the west, north, east
On the south contour bulge an andesite feeder

The andesite also

Reconnaissance was continued along the roads and float checked

Specxflc hill outcrops were visited in the center of Sec. 3
(T 125, R9E) and the MW %, Sec. 4 (T 125,

All outcrops and float checks

showed various volcanic flow rocks with some tuff.
along the pipeline road and then cut over to the old Silver Bell Road completing

the traverse around Red Hill.

found near the center of Sec.

file.

F'l AMmn AttnrhaAd

nate January 6,

1969

Av

The reconn continued northwest

Some weakly altered and mineralized granite was
29 (T 11S, RYE) and is reported on a seperate note

#

James D, Sell

vadrangle ¢

.
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UPDATING THE GEOLOGY AND STRUCTURAL ORE éONTROLS
| AT SILVER BELL, ARIZONA
by Barry N. Watson
ASARCO Geologist

A talk to be presented to the Mining Geology Division
of the Arizona Section of A.I.M.E. on May 20, 1968.

One of the more complete stratigraphic sections in
southern Arizona can be pieced together in the Silver Bell

~area. Much of the geology has been worked out by ASARCO

geologists, while a few important areas have been mapped by
students as thesis problems. Other portions of the Silver
Bell area have yet to be mapped in any kind of detail, and
some of this yet-uncharted geology could well be critical to
a better understanding of the complex Mesozoic and Cenozoic
stratlgraphy

It is my strong belief that a knowledge of certain
of the stratigraphic units in the ‘Silver Bell area--their
lithologic characters and structural settings--would be of
considerable help to field geologists.dealing with similar
phenomena elsewhere in southern Arizona. Parts of the
Silver Bell stratigraphic section are accessible only by washes
or somewnat obscure truck trails, and other portions of the
section are on, or readlly reachable only by passage through

-private property owned by ASARCO.

. In the follow1ng, I will attempt to briefly describe
the geologic history of the Silver Bell area,  with particular
emphasis on the Mesozoic Era. My knowledge of the area has
been greatly enhanced through field excursions and conversations
with Harold Courtright, Kenyon Richard, Jim Briscoe, Craig Clarke,
Chuck Haynes, Nick Nuttycombe, Joy Merz, Fred Graybeal and
Dr. Willard Lacy. I must tzke, however, the respon51b111uy for
the interpretations drawn herein. _

Figure 1 is a location map showing the principal topo-
graphic features mentioned below. Figure 2 is my diagrammatic
representation of the Silver Bell stratigraphic column.
PRECAMBRIAN

Pinal Schist

z -

The only outcrop of the basement Pinal Schist known to
the author in the Silver Bell vicinity strzddles the El1 Paso
Natural Gas pipeline road about two miles east of Ragged Top.
Relationships with other rock units are obscured by cover, except
on the south where the schist is bounded by a mid-Tertiary dike

filling the major WNW-trending Ragged Mountzin fault.

e o = DAL b oA < o o
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Many fragments {(ranging up to boulder size) of Pinal-
like schist are seen in Cretaceous sediments just south of
Ragged Top, indicating the preseqce of a considerable area of
that schist at the surface in the near v101n1ty during the
Laramlde igneous activity.

Granite

A coarse-grained granite is found extensively to the
north of the Ragged Mountain fault. Large and numerous quartz
grains--fregquently.25 inch in diameter--are set among pinkish
crystals of feldspar and clumps and books of biotite. In many
places orthoclase porphyroblasts up to an inch in length are
common. This granite megascopically resembles the Precambrian
Oracle granite seen near the town of Oracle. '

Paleozoic gediments in the Waterman Mountains coutheast
of Silver Bell are also underlain by porphyroblastic granite.

Apache Group

Younger Precambrian Apache Group metasediments lie on
granite just northeast of Ragged Top. Locally more than 200
feet thick, these south-dipping beds are sharply cut off to the
south by the Ragged Top intrusive which wells up along the
Ragged Mountain fault. The Apache Group stratigraphy here is
not well worked out, but it appears as if a few tens of feet
of probable Pioneer Formation (mixed.sandy and shaly oeds) are-
overlain by 2-3 feel of Barnes Conglomerate, which is in turn
overlain by thin-to moderately thick-bedded quartzites of the
Dripping Springs Guartzite.

Apache Group metasediments are missing iIn the Waterman
Mountains where McClymonds (1957) notes. Cambrian Bolsa Quartzite
to conformzably overlie basement granite.

Diabase ' _ .

Well-altered diabase of possible Precambrian age irre-
gularly intrudes the granite on the northern slopes of Ragged
Top. As it is found only within grenite, it's relative age
cannot be stated with ceruainuy The principal period of Pre-
cambrian dizbase intrusion in soutnern and centrzal Arizona 1is
post- ﬂp%chb Group,

PALEOZOIC ERA

The Paleozoic stratlgr"pny of the VWatermzn Wountalns has -
been deciphered by McClymonds (1957) and Ruff (1951) who mzpped
a well-faulted pile of limestones, cuartzites, siltstones, and
shdles amounting to a thickness of 4,400+ feet. 1In the Silver
Bell Mountains, Paleozoic stratlgraonJ was unravellad by Klncsourj,
Entwistle and Schmitt in 1941 in a private report to the Amarican
Smeliing and Refining Co. Merz (1$57) undertook the difficult
study of the altered and mineralized Paleozoic sediments on Unilon
Ridge east of ASARCO's El1 Tiro pit. The alteration and mineraliza-
tion of these Union Ridge sediments will be described in the ne/L
paper this morning. -



p.3

The Paleozoic section in the Silver Bell Mountains is
well faulted, locally intensely altered, and generally inundated
by various Laramide intrusive -units. Although each of the '
Paleozolc periods represented in the Waterman Mountains also show
in the Silver Bell range, the section in the latter is obviously
incomplete. A brief tabulation of units with thickness estimates
is presented below' :

Permian quartzites, llmestones, shales..550 ft. apprbx.

Pennsylvarian Horguilla Limestone.......220 ©t. max.
Mississippian Escabrosa Limestone.......275 ft. max.
Devonian Martin Formation...............300 ft. max.,
Cambrian Abrigo Formation.......... ... 430 ft. max,
Cambrian Bolsa Quartzite..... ..o nenn. 230 ft. min.

-Total.....Z,OOijft.

In the E1 Tiro Hills section of the West Silver Bell
Mountains, Clarke (1965) mapped 1,200+ feet of uppermost Permian
sediments. . Approximately 300 feet of quartzites and dolomitic
limestones belonging to. the Scherrer Formation are overlain by
Hi20 feet of Concha Formation Limestone and 1550 feet of Rain-
valley Formation limestone and argillite. These Permian rocks
protrude from alluvial cover and are overlain by Mesozoic sediments.

MESOZCIC ERA

Amole-type arkose

A clearly exposed contact between Mesozoic and Paleozoic
sediments is found in the El Tiro Hills where Clarke (1965) has
mapped an estimated 5,000+ feet of probable Cretaceous Amole-type
sediments overlying Permian Rainvalley rocks. The basal Amole-
-type units, lying on a disconformity, 1s a massive arkosic con-
glomerate containing rounded guartzite cobbles up to several inches
in diameter. This unlt of the Cretaceous (?) is several feet
thick; the remalnder is generally more thinly. bedded.

Hayes and Drewes (1968) consider the Amole Arkose of the
Tucson Mountailns to be more or less a time-equivalent of the
lower Middle Cretaceocus Bisbee Group sediments. If the Amole-
type materials in the El Tiro Hills can be considered correlative
with the Amole Arkose, then Clarke's basal quartzite pebble
conglomerate gqualifies as a far-western equivalent of the basal
Bisbee Glance Conglomerave. The presence of Cretaceous (?) beds
lying disconformably on the uppermost Permian Rainvalley certainly
suggests that the Silver Bell arez did not experience, at least
locally, the degree of structural unrest manifested farther to the
~east, :

Another interpretation suggested by the near-conformable
nature of the Paleozoic-Mesozoic conuact related to recent U.S.
Geological Survey recognition of Triassic sediments in southern
Arizona. - Possibly the hiatus betwesn Pernian and lesozoic dzposition
is not as great as mlglt be thought, and the lowermost Amole-type
sediments are of Trizassic age?
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A few tuffaceous beds are scattered througn the Amole-
tjpe arkoses, indicating periodic volcanic “CLlVlLJ in the general
region., Red-colored snﬂleo and conglomerates are found here and
there through the secuence and are most prevalent in the uppe
portions. A 20-30- foot thick sandy llnestone occurs near the top
of the exnosed older Cretaceous oeds.

The Amole-type sedlmﬂnus are overlain in =ngular uncon-
form1ty by interbedded tuffs and coarse clastic sedlments of
the Claflin Ranch-type. A similar mid-to late Cretaceous uncon-
formﬁty has been noted elsewhere across southeastern Arizona.
It is felt that thnis unconformity reflects initial upheaval
related to Laramide deformation.

Amole-type arkoses, conglomerates and sandstones also
crop out in the valley between the Waterman and Silver Bell
Mountains. Immediately overlying the arkoses near the south-
east corner of the older Silver Bell tailings dam is a limestone
unit probably exceeding 200 feet in thickness. Donzald Bryant
of the University of Arizona was able to identify recrystalized
pelecypods here as of definite Cretaceous age. Outside of the
Bisbee Group Mural Limestone, this localized unit is probably
the thickest Cretaceous limestone known in southcentral Arizona.

Village Redbeds and red conglomerateé

A sequence of red-colored clastics is found overlying
the limestone unit and Amole-type arkoses south of the Silver
Bell tailings dams. These clastics, which also underlie Silver
Bell village, are locally several hundreds of feet thick, but
faulting and alluviel cover prevent thickness determinations.
The author originally considered this unit to be an eguivalent
~of the Recreation Redbeds of the Tucson lMountains, However,
detailed mapoing plus radiometric age-dating have recently proven
the Recreation Redbeds to be of pre-Amole 282, and evidence is
now overvhelming that red coloration revresents restricted
environmental conditions that could, and do, appear at various
times throughout the Mesozoic. Conseguently, I am here dgsig—
nating the Cretaceous reddbeds and red conglomerates near the
Silver Bell townsite the "Village Rﬂdoeds.

In places redbeds and light-colored Amole-type arkoses
are found interbedded, suggesting a somewhat gradual transition
from the Amole to the Village environment. Several hundred
feet of red silts, sands and arkoses occur in the lower portions
of the Villaze Redbeds and are seen to grade upward to red
conglomerates. AL first these conglomerates contain only
sedimentary detritus. Hignher in the sequence ignﬂous maverials
begin to appear, however, and in the uppermost known portions

the red conglomerate COﬂS]obS almost entirely of purnlﬂ zancesitic
fragments set in a detrital matrix,  Deformation of an ancient

Silver Bell l?ﬂuSC“OG and a.graduzl increazse in volcanic activity
is readily evidenced in the continuing depositicn of the rzcbdads
and red con3101eraveo. Tnus the br1n51t33n from normal Cretacesus
subzazerial sedimentaticn to coarse and rapid Larzmide zccuwnulation
is not always marxed by an oov1ous stratigraphic break.
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o The Village red conglomerates are cut off by a major
. WNW-trending fault in the tailing pond area, and their relation,
to overlying units is not presently known. ' '

Claflin Ranch Formation

) The Claflin Ranch Formation is something of a catch-all
term, and the rocks it represents are not limited to any one
specific time of deposition. The formation represents a type
of sedimentation associated with a terrane undergoing volcanic
upheaval and rapid erosional deformation. Thus, in the Silver
Bell Mountains where Richard and Courtright first used the name
(1960), the conglomerates, mudflows, landslide blocks, aeolian
tuffs, water-lain tuffs and pyroclastic layers included within
the Claflin Ranch Formation have ambiguous relationships with
associated volcanic, units. They are pre-dacite and post-dacite,
pre-Silver Bell andesite and post-Silver Bell andesite.* In the
West Silver Bell Mountains Claflin-like conglomerates are inter-
bedded with pyroclastics and overlie earlier Cretaceous sediments
by angular unconformity.

The thickest continuous Claflin Ranch sequence in the
Silver Bell Mountains--approximately 1800 feet--occurs south-
west of Ragged Top.  This accumulation is, at least in good '
part, pre-dacite porphyry (the earliest of the Laramide volcanic
and sub-volcanic rocks in the Silver Bell range). Coarse,
greenish clastic materials megascopically identical with parts:
of the £laflin Ranch Formation are found as a matrix of the
Tucson Mountain Chaos in the Tucson Mountains. Claflin Ranch-
type rocks also are seen in roadcuts north of Sonoita along
Arizona State Highway 83.

It seems reasonable to expect that the Claflin Ranch-
type of surface accumulation of detrital and volcanic debris
might be found throughout southern Arizona wherever Laramide
volcanic piles exist. Such depositional sequences--seemingly
thickest -in earlier Laramide time--would run the gamut from
fairly thin-bedded sands to chaotic masses of landslide-block
accumulations. ' '

Alaskite

Richard and Courtright (1966), in accounting for the
WNW-striking zone of alteration at Silver Bell, conclude that
"indirect evidence suggests a fault representing a line of
profound structural weakness existed in this position prior
to the advent of Laramide intrusive activity." This line is
referred o as the "major structure." They go on Lo note that
this major structure "was largely obliterated by the Laramide
intrusive bodies, but it effected a degree of control on their
emplacement, as evidenced by their shapes and positicns,” '

: The first indication of =activity along the Silver Bell
fiult zone came in early Laramide time witn the intrusion of a
coarsely granitoid alaskite along the southwest slde of the
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major structure. This alaskite, which contains a very low
ferromagnesian mineral contenu, intrudes Paleozoic sediments

and Cretaceous Amole-type arkoses in the E1 Tiro area. Aplite
dikes are found tnrough the alaskite, and, locally, fine-grained
border phases of alaskite are found in contact with other rock
units. ) : -

The alaskite is .one of the principal hosts for the
later porphyry copper nmineralization. This coarse-grained
felsic  rock locally shows hign chalcopyrite-to-pyrite ratios,

Dacite porvhyry

The dacite porphyry is a sub~volcanic rock charactear-
ized by numerous rounded or triangular quartz "eyes'" set in
a very fine-grained matrix. Orthoclase and qﬂnﬂalne phenocrysts,
vague but consistent flow structure, and up to 20% of xenoliths
are a2lso commonly seen. Chemically, the dacite porphyry is
more accurately a quartz latite porphyry.

The dacite occurs extensively northeast of the major
structure in the form of sills and dikes within Paleozoic
and Mesozoic sediments. The largest body of the porphyry--
a sill + 3,400 feet thick--occupies the strabiﬁraphic interval
in the Silver Bell range proper where Amole-type arkose should
occur. This sill is floored by Paleozoic sediments and roofed
by an 1800-foot sequence of Claflin Ranch materials. The dacite-
Claflin Ranch contact 1s gradational over several feet, but dikes
of daclte porphyry are found locally in the overlying Claflin
Ranch beds. ‘

An explosive history for the dacite porphyry is strongly
suggested by the numerous xenoliths, the large Tragments of
guartz, and the shards of former glass in the matrix. The
nature of the rock is believed to reflect an emplacement by
Tfluidization in the following manner:

The gas-and fragment-charged dacite porphyry msgmg
(QctualJy guartz latite in composition, suggesting greater visco-
sity and more explosive pobentlal) rose along the Silver Bell
fault zone into Paleozoic strata. The higher the porphyry
magma ascended, the more the confining pressure decreased,
causing exsolution of gases and thus lending an explosive and
dilative nature to the intrusive material.

Its extension to the southwest blocked by the large
body of alaskite, the dacite porphyry welled up, sending small
dikes and sills northeastward into the Paleozoic beds. . Damp
Amole-type Cretaceous (?) sediments were reached and more gas
evolved. The magmatic material, expanding constantly, spread
laterally to the northeast in the weak Cretaceous (?) sediments.
Dilation occurred, =2s did the incorporation of fragments
broken by churning gas action.
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The dacite porphyry probably surfaced in one or more
places, venting gases as it did. Gas also escaped laterally
through the Jjust-formed sill and vertically into overlying
Claflin Ranch sediments. The heat zand vapor action altered
the immediately overlying quartzo-felspathic clastic sediments,
giving rise to the gradational contact seen today.

The dacite porphyry was a poor host rock for porphyry
copper mineralization because of its flinty, "tight" nature.

Silver Bell Formzation

The Silver Bell Formation (Richard and Courtright,
1900) consists of laharic, autobrecciated, and intrusive andesitic
to dacitic breccias, andesitic to dacitic flows, and andesitic
intrusions. These materials overlie Claflin Ranch sediments and
dacite porphyry in the Silver Bell Mountains. The rugged nabure
of the basal Siiver Bell contact and the fact that it locally
lies on unroofed dacite porphyry points to a period of rapid
uplift and erosion following intrusion of the dacite pornnyry
sills. . »

Purpllsh Silver Bell-type breccias are seen to be inter-
layered in places with overlying Mount Lord Ignimbrite. Such &
transition from andesitic activity to more felsic and explosive
volcanism is seen throughout the world and is commonplace in

the Laramide rocks of southern Arizona and southwestern New
Mexico,

It 1is belleVCd-uhﬁu the Silver Bell Formation is roughly
correlative with the Demetrie Formation of the Sierritza itountains,
the Picacho Peak volcanics (Briscoe, 1967), the Owl Head vol-
canics, and that portion of the Cloudburst Formation north and
east of the San lManuel mine. ' -

Mount ILord Ignimbrite

A welded ignimbrite lithologically similer to, and
stratigraphicelly a time-equivalent of, the Cat Mountzin Rnyolite
of the Tucson Mountains overlies the Silver Bell Formation in the
Silver Bell Mountains. This guartz latitic 1gn1mbr te 1s up to
800 feet thick, including an 80-foot thick cap of lithic vitrie
tuff. As Silver Bell Peak was formerly known to residents of the
i" and since the peak is composed of the pyro-
clastic unit, the name "Hount Lord lgnlmorwte” has been given to
this Cat Mountaln type unit.

T Intrusive ignimbrites--genetically related to the lount
Lord Ignimbrite, and megascopically and petrographically identiczal
with it--occur as dikes and sills in the underlying Silver 3ell
Formation and dacite porphyry. These feeder materials once en
route to the surface spread along bedding and formational contacts,
apparently when vents becane choked,
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The Cat Mountain Rhyolite of the Tucson Mountains evinces
an average age of 68 million years (Damon, 1668), and it is felt
that the Mount Lord Ignimbrite is of similar age. :

Syenodlorite porphyry

i
. The syenodlor ite porphyry is an eﬂrly and somehn=t exten-
sive pyroxene-bearing phase of the composite intrusive thought to.
be related to the copper mlnerallzﬂtvon at Silver Bell. Later
pPhases- of this composite intrusive are monzonitic and quartz
monzonitic. The syenodiorite porphyry is found principally in
the southeastern portion of the Silver Bell Mountains. It occurs
as massive bodies in Oxide pit (where it was previously called
both "andesite" and "dacite") and east -of Oxide pit along the '
major structure, and is found 2s east-trending dikes north of Oxide
pit in the mountain range.

The syenodiorite porphyry is the best host rock in Oxide
pit. It shows the highest primary copper sulfide content of any
of the igenous rocks at Silver Bell and has allowed pr801p1tatwon
of a substantial chalcoc1te blanﬁet

Only occasional dikes of syenodliorite porphyry are seen
in E1 Tiro pit.

Monzoﬁite porphyry

The later monzonitic and gquartz monzonitic phases of the
composite intrusion are found as massive bodies scattered along
the major structure. They occur also as generally east-trending
dikes in the mountain range to the northeast of the major structure.

The principal porphyry copper mineralization followed
emplacement of the monzonite porphyry, and a zone of alteration
was superimposed on the major structure. X-Ar age-dating (Mauger,
Damon and Giletti, 1005) has shown that the solidification of the
monzonite porphyry and the subsequent hyarobnermDW alteration
occurred at approximately 65 million years and within 2 shori enough
time span so that, considering the limits of error of the age-dates,
t he two events are radiometrically indistinguishable., I do not
mean to imply here that the Silver Bell deDOSle are to any great
extent syngenetic as has been suggested chenulj (Mauger, 1956).
It may be that a small amount of chalcopyrite became trzapved as
discrete grains in the monzonite magma at the time of solidification.
The great preponderance oI copper mineralization, however, was
emplaced in the various host rocks througn veins, veinlets, zand
hairline fractures with values diffusing into wallrocks, possioly
with -the aild of a certain amount of igneous rock recrystallization.

. It is 1nberestwnﬁ to note that both the Oxide and El1 Tiro
orebodies occur at structural intersections (see Figure 3). Oxide
pit is located at the junctiOﬂ of the WilYl-trending major structure
with an ENE-trending swarm of syenod iorite znd monzonite porohyry
dikes. Similzrly, El Tiro pit exists at the junction of the
major structure with a2 northeast-trending swarm of monzonite porphyry
dikes. :
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CENOZOIC ERA :

It is preferred here to set the lesozoic-Cenozoic tine
boundary at 63 million years as defined by Folinsbee, Bzadsgaard,
and Lipson (1901) This allows the Silver Bzll minsralization
to fall at the end of the Cretaceous Period,

Reﬂlonal northeasterly tlltnns of 200-30° occurred some -
time betwebn the emplzacement of the composite Laramide intrusion
and the mid-Tertiary volcanism. It probadbly was 2 result of
late Laramide upneaval. This tilting, shdwn by the present
orientation of Laramide depositional units, appears to have taken
place by rotation of VWlNi-elongate, fault-bounded oloc (s in the
Silver Bell area. .

The mineralized rocks at Silver Bell were expo sod to
weathering and probably supergene enrichment in early Tertiary
time. This is strongly suggested 3 miles ezst of Oxide pit
where pileces of leached capping were found in a conglomerate

g: immediately underlying an and351tﬁ flow dated at 28 million
years (Damon and Mauger, 19¢6). A mid-Tertiary period of
rhyolitic to andesitic volcanlsm evinced widely over southern

Arizona probably covered and thus preserved the Silver Bell

mineralization. This mineralization hzs been exhumed. in more

recent times and '1s presenuly undergoing destruction thrOU”n
weathering processes.

North-northwest~trending quartz latite porphyry and
andesite porphyry dikes of the nid-Tex ~tiery volcanic epoch
cut 211 earlier rock units in the Silver Bell Mountains.

. The quzartz latite dikes have a strangely discontinuous line
of outcrop wnich 1s caused not by faulting, as has been pre-
viously suggested by Schmitt (l9bl), but by intrusion into
a very broken and faulted terrane. A few of the andesite
porphyry dikes are conspicuous in El Tiro pit where they are
locally collectors of green copper oxide.

The Razged Top Latite Porphyry daved at 25fl.0 million
years (Mzauger, Damon-and Giletti, 1965) intruded the prominent
Ragged Mountain fault which hzad drovpped Laramide rocks on the
south some 5,000-7,000 feet against Precambrian granite.
Andesitic ﬂnd rnyolltlc flows of Drooably similar age are seen
several miles west of Ragged Top in the northeastern part of
the VWest Silver Bell Mountains.

A late .and minor lead-silver-copper mineralization is
’ found in the Silver Bell range. HNorth- trendlnn epltherﬂnl '
veins carrying galena, native silver and cerargyrite with a
barite-quartz-calcite-fluorite gangue were mined in the early
dz2ys. Coppcr stain is seen on the old dumps. This lat
period of mineralizztion has been superimposed very loczlly
on the porphyry copper deposits to the south. On the othner
hand, 2 mid-Tertiary guartz latite porvhyry dike cuus one
of ihe epithermal veins, thus establishing a genaral minimun
date to this mineralization. -

Quaternary-Tertiary basalt cones and flows are found
north of the Ragged MMountain fault.

Il
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AMERICAN SMELTING AND REFINING COMPANY
Tucson Arizona

March 7, 1973

FILE MEMORANDUM

AMAX Drilling
Silver Bell East Area
Pima County, Arizona

Mr. Bud Himes of Himes Drilling Company, Grand Junction, Colorado, was in
yesterday to relate that he had a Gardner Denver 1500W with air package
and two Longyear LL's available for work.

He stated that he had recently completed three rotary holes, some to
2000 feet, for AMAX east of Silver Bell on the gas line road. After
setting 3-1/2'" pipe, his core rigs are now coring below the rotary hole
bottom. He did not relate at what depths he is presently drilling, but
said he had cored to 4000-4700 feet NX with the rigs.

Himes Drilling Company was involved in. some of the Monticello, Utah

uranium work of ASARCO.
i //
4 ’Z.//(_C_/.!AZ» cg/ :

C;;/ji;es D.Sell

JDS:1b

cc: HLCrittendon



AMERICAN SMELTING AND REFINING COMPANY
TUCSON ARIZONA

July 26, 1974

FILE MEMORANDUM

Silver Bell District
Pima County, Arizona

Freeport Minerals hired Kenyon Richards to review with them and
Jim Briscoe Briscoe's ideas of the extension of the Silver Bell
alteration zone (offset to the south along the ''‘cemetary fault").
Apparently Kenyon is more intrigued with the idea now than he was
a number of years ago.

When they discovered our NWS claims, Briscoe couldn't believe
anyone would stake that ground for mineral potential. Kenyon
was non-committal.

W. L. Kurtz

WLK:1b

cc: JHCourtright
FTGraybeal
JDSell
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AMERICAN SMELTING AND REFINING COMPANY
TUCSON ARIZONA

August 14, 1974

FILE MEMORANDUM

West Silver Bell
Sec. 34

Bob Radabaug in a telephone conversation stated that the NJ2 hole
is located about 1500 feet due west of the shaft. They no longer
have any cuttings. An abbreviated log is:

0-20 Qal
20-195 Dacite porphyry, quite fresh, no min.
mod. magnetite
195-505 Rhyodacite flow, fresh, no min.
mod. magnetite

Water encountered at 430'. Sufficient magnetite
to account for the anomaly.

He has a more detailed log if we want to see it. There is mention
of epidote, and some zones being more siliceous.

(o L

W. L. Kurtz

WLK:1b

cc: JHCourtright
JDSell
FTGraybeal
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Exploration Department

Frederick T. Graybeal
Chief Geologist

July 27, 1983

Mr. J. D. Sell, Manager
Southwestern U.S. Division
Tucson Office

Regional Structural Control of
Mineralization at Silver Bell

Dear Mr. Sell:

I have your note of July 13 which resurrects the hypo-
thetical caldera setting at Silver Bell. I have wondered
about this for the past 20 years or so and am not the first
one as you note. Control of the alteration at Silver Bell
by a ring structure is certainly a possibility particularly
in view of the vast volumes of volcanic rock which must have
generated some type of collapse phenomenon subsequent to
eruption. In addition, because Silver Bell is eroded to
moderate depth, it is likely that the perfectly circular
symmetry common in high level calderas might become dis-
torted by basement structures and one could therefore argue
that the lack of perfect symmetry at Silver Bell is merely a
function of depth.

The major structural feature between Oxide and El Tiro

pits is a healed fault structure which separates alaskite

and Mesozoic sedimentary rocks on the southwest from Paleozoic

sedimentary rocks to the northeast. This line can be seen

on the hydrothermal alteration map prepared by Richard and

Courtright as it follows the southwestern limit of silicated

limestone. It is interesting that this very fundamental

structure actually cuts across the alteration zone in the

El Tiro area rather than running parallel to it even though

the structure is of pre-mineral age. It is likely that the

near north-south orientation of the alteration zone between

El Tiro and north Silver Bell follows a swarm of high level

guartz monzonite porphyry stocks which, in this area, have

a nearly north-south elongation. On a larger scale, however,

when the alteration zone is traced farther to the north be-

yond the limits of the Richard and Courtright map it actually

bends back to the west again taking the shape of a giant
RECEIVED cymoid loop with the El Tiro area in the bend of the loop.

AUG - 1 1883 ASARCO Incorporated 120 Broadway New York, N.Y. 10271 (212) 669-1000
Telex: ITT 420585 RCA 232378 WUI 62522 Cables: MINEDEPART Telegrams: WU 1-25991
SI w' UI S| ExPL- ‘ﬂm-
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Mr. J. D. Sell -2 - July 27, 1983

I want to emphasize very strongly that the northeast-
striking veins at Silver Bell do not follow pre-existing
structures. They are the structures and probably formed by
a phenomenon similar to hydraulic fracturing. The same
also applies to the quartz monzonite porphyry and monzonite
porphyry dikes extending northeast from E1 Tiro pit. It is
important to recognize that the El1 Tiro area does not owe
its location to pre-ore northeast-striking structures, but
rather to an intersection of a northwest structure and a
north-south structure. The northeast structures in the E1
Tiro area and elsewhere within the alteration zone at Silver
Bell are all syn-ore.

Very truly’

yours,

ccC: WLKurtz
JHCourtright
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Southwestern Exploration Division

July 13, 1983

File Memorandum

Comparison of Silver Bell, AZ
Fault Pattern with
Goldfields, NV

Mr. David Sawyer, University of California, Santa Barbara, doing a Ph.D.
dissertation in the Silver Bell region, remarked in his visit to this
office in June that perhaps a caldera setting was possible at Silver Bell.
Such a feature has been suggested in the past but I cannot recall any
serious writings on the problem.

It is interesting to compare the Ashley Figure 1 (attached) of the fault
pattern of the Goldfield, NV District, with that of Richard and Courtright
(Figure 1 attached) of the mineralized zone at Silver Bell, AZ. I have
sketched on the equivalent portion of the Silver Bell zone onto the Gold-
field map.

Note the curving sweep of the El Tiro-oxide =zone tailing eastward with the
intense northeast fracture zones controlling the location of the orebodies,
with that portion of the Goldfield zone. The Goldfield ore zone is also
essentially where the northeast faulting intercepts the sweep of the curving
fault pattern on the west to southeast.

Also attached is Figure 8, Ashley, showing the hydrothermal altered and
ore-bearing areas at Goldfield. '

In both cases--Goldfield and Silver Bell--the major deposit(s) found to
date are at the northeast fracture junction with the inflection portion
of the sweeping curve; equivalent to the southwest portion of a caldera
root system.

rrdd ,%M
James D. Sell
JDS/cg

cc: JHCourtright
bxc:‘F7za Wk, D Swye
Reference

Richard, Kenyon, and Courtright, James H., 1966. Structure and Mineraliza-
tion at Silver Bell, Arizona, in Geology of the Porphyry Copper Deposits,
Southwestern North America, Titley and Hicks, Editors, Univ. of Arizona
Press, p. 157-163.

Ashley, Roger P., 1979. Relation Between Volcanism and Ore Deposition at
Goldfield, Nevada, in Papers on Mineral Deposits of Western North America:
Nevada Bureau of Mines Report 33, p. 77-86.
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Southwestern Exploration Division

December 13, 1983

To: SAAnzalone
RBCummings
FRKoutz
HGKreis
WLKurtz
GJStathis
JRStringham

From: JDSell

Dave Sawyer will present a talk on his dissertation work - '"Volcanic
Geology of the Silver Bell Mountains" - in the 3rd floor Conference
Room at 9:30 a.m. on Wednesday, December 21, 1983. I hope you can

attend.

JBS/cg




SOME CRETACEOUS-TERTIARY RELATIONSHIPS
IN SOUTHEASTERN ARIZONA AND NEW MEXICO
By
Kenyon Richard and J. H. Courtright

American Smelting and Refining Company

In Courtright's (1) report on this subject it was pointed out that the presumed
age of certain volcanic rocks described in the literature as Cretaceous was sub-
ject to question. It was concluded that the field evidence in the Silver Bell,
Stanley, Winkleman-Christmas and other areas indicated that the rocks which
frequently have been mapped as Cretaceous volcanics are distinctive in charac-
ter, being composed predominantly of andesite breccia of probable volcanic-mud-
flow origin, and are not interbedded with sediments of certain or probable Cre-
taceous age. Instead_,—t_hey are resting on an erosion surface cut in deformed
Cretaceous and older sediments, and are probably early Tertiary in age. These
andesitic rocks are locally termed the "Silver Bell' formation. Field informa-
tion accumulated since the first report expands and lends further support to these
concepts.

The accompanying chart which covers nine localities, including five of those
previously reported, shows postulated age relationships and correlations based
on lithology and stratigraphic position. We are aware of the great distances
between some of the observation points, and admit a deficiency of supporting
detail. Nevertheless, we believe these correlations merif consideration.

The presence of igneous pebbles (most andesitic porphyries) in some Cre-
taceous beds in southern Arizona suggests contemporaneous or earlier igneous
activity somewhere in the region. However, we contend that volcanism on a
widespread scale did not begin until after the destruction of Cretaceous sedimen-
tary basins had started, and that the age of these eruptions is most probably early
Tertiary.

The principal purpose of this paper is to call further attention to the problem
and to encourage the undertaking of critical field studies.

DESCRIPTION OF PRINCIPAL OCCURRENCES
Silver Bell

Recent field studies have determined that the ''Silver Bell'' formation is under-
lain by a thick series of clastic beds termed the '"Claflin Ranch' formation. From
their composition it may be judged that the arkoses of this formation were deriv-
ed in part from erosion of underlying dacite agglomerate; some beds are conglom-
erates which contain abundant arkosic fragments derived from probable Cretac-
eous rocks, while others contain much schist and andesite. Enclosed within
these thin- to thick-bedded clastics are a few angular blocks of ""Cretaceous-type"
arkose as much as 10' in length, and a few blocks of andesite-schist conglomerate
over 50! in length and 25' in thickness. Except for the absence of large limestone
blocks, this formation resembles Kinnison's (2) Tucson Mountain chaos as it is
exposed 1/2 mile south of Gates Pass.

The "Silver Bell" formation consists largely of angular to sub-rounded frag-
ments of andesite in a mud-like andesitic matrix. It unconformably overlies the
"Claflin Ranch'" formation and in turn is overlain by welded pyroclastics which
are lithologically identical to the Cat Mountain rhyolite in the Tucson Mountains.

South Tucson Mountains

Except for the absence of the "Silver Bell” formation, the sequence here is
similar to that in the Silver Bell district.

NG s Mged TT,  Hacd 1720
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As described by Kinnison, the Tucson Mountain chaos is a giant breccia
--unusually large rock blocks in a clastic matrix--that was deposited on an
early Tertiary{?} erosion surface {the Tucson surface}. Parts of this formation,
and also a series of andesite-pebble conglomerate beds in the Piedmontite Hills,
had previously been mapped by Brown {3} as Cretaceous volcanics. A recent
study of the Piedmontite Hills was made by Colby {4} who reported the occurrence
of a rhyolite tuff in these clastics. The field evidence indicates to us that this
rhyolite is an intrusive rather than a pyreclastic.

At this-time none of the volcanics of the Tucson Mountains can be demonstra-
ted to be Cretaceous, Locally, andesite underlies the Tucson Mountain chaos;
the relationship to older rocks is not definitely known, but we believe that it is
most probably post-{Cretaceous.

South Twin Buttes District

A considerable thickness of the Silver Bell-type fermation is well exposed
southeast of the Esperanza mill. From west to east, massive andesite flows
and "eclastic' breccias pass into unsorted, coarse conglomerates made up of
angular to sub-rounded andesite fragments and well rounded boulders of granite,
quartzite, and other rock types. A4 few thin, pebbly beds are present. The for-
mation is overlain unconfermably by rocks of the Cat Mountain rhyolite type.

Its basal relations in this area are not known,

Southwest Sierrita Mountains

Massive andesite breccias of the Silver Bell type are underlain by Pre-
cambrian {?} granite and overlain by a fragment-bearing rhyolitic formation

which may correlate with the Cat Mountain rhyolite of the Tucson Mountains.
Both contacts appear to be erosional unconformities.

Southwest Empire Mountains

Galbraith {5} recognizes two major units {northern and southern} in the Cre-
taceous{?} beds below the thrust fault on the west side of the Empire Mountains.
Of the southern series, he states: "Their relationship to the other Cretaceous{?)
strata is not known, but they are presumably younger than the arkosic sandstone
and shale, because they contain numerous fragments of arkosic rocks which
appear to be identical with those exposed to the north. This series may in part
be as young as Tertiary in age." This implies that an unconformity may exist
between these two series.

This unconformity is exposed in a south fork of Barrel Canyon, three quarters
of a mile S60E from Barrel Springs. There, steep-dipping arkose and shale
beds terminate against a thin arkosic bed containing scattered pebbles and boul-
ders of arkose, andesite and other rock types. This sharply angular unconfor-
mity, near vertical in dip, is visible on both sides of the canyon. The thin ar-
kese bed passes stratigraphically upward into a coarse, unsorted conglomerate
100 feet or more in thickness, and then into andesite breccia of the Silver Bell
type. The contact with the latter is not well exposed; but on the north slope of
a ridge about a mile and a quarter N75W of the Martinez Ranch, the andesite
breccia can be seen unconformably overlying arkese boulder conglomerates
similar to those near Barrel Springs. These conglomerates contain occasional
andesite blocks over 20 feet in diameter, and a few 5- to 10-foot blocks of arkose
and limestone.

fx younger boulder-conglomerate which may overlie an erosion surface
cuiting the Silver Bell-type andesite, the Cretaceous beds, and the intervening
conglomerate crops out about one mile south of Barrel Springs.

Tombstone
Gilluly {6} describes the lower half of the Bronco volcanics as being made

up largely of clastic andesite breccias--andesite fragments in an andesitic mud
matrix--which probably originated as volcanic mud flows. As these rocks

L4




unconformably overlie the Cretaceous Bisbee formation, he regards their age
as late Cretaceous or early Tertiary.,

This lower unit of the Bronco volcanics is megascopically identical to the
""'Silver Bell" formation. In an outcrop about 2 miles due east of Bronco Hill,
or 7 miles S60W of Tombstone, red sandstone and mudstone beds of the Bisbee
formation are overlain unconformably by 60 feet of conglomerate made up of
well rounded cobbles of arkose, chert, quartzite, and limestone in a friable
matrix of andesitic debris. Between the conglomerate and the overlying andesite
breccigs is a 50-foot thickness of greenish, gritty siltstone containing a few
large (= 8 feet in dia.) angular boulders of limestone conglomerate and massive
andesite or felsite. This bed and the underlying conglomerate together are
considered a probable correlative of the ''Claflin Ranch't formation.

Hatchita Mountains (New Mexico)

Perhaps the most detailed study of volcanic rocks of designated Cretaceous
age in the region was made by Lasky (7) in the Hatchita Mountains, New Mexico.
The principal unit, the Hidalgo volcanics, is described to be unconformably
overlain by the Howell's Ridge formation which is assigned to the lower Cretaceous
on Fossil evidence. Other volcanics reportedly are interbedded in the Ringbone
shale and Skunk Ranch conglomerate. The volcanics are confined to the north-
ern part of the Hatchita Mountains, but the associated sedimentary formations,
excepting the Ringbone shale which underlies the Hidalgo volcanics, continue
several miles into the southern part. This lack of continuity, which in the case
of Hidalgo volcanics involves a decrease in thickness from 5000 feet to zero in
4 miles along strike, is regarded by Lasky as being due to deep erosion both
before and after extrusion of the volcanics.

We suggest certain alternative interpretations. These are summarized on
the accompanying chart which shows propossd correlation of the '"Claflin Ranch"
and ""Silver Bell!'formations with the Ringbone shale and Hidalgo volcanics res-
pectively.

As mapped by Lasky, the Hidalgo volcanics along the northeast slope of
Howell's Ridge dip under the Howell's Ridge formation. The contact is mapped
as depositional. Close inspection of all good exposures revealed that the two
formations are separated by a fine-grained diorite intrusive. Elsewhere, the
Miss Pickle fault forms the contact. Thus, evidence for Lasky's postulated
age relationship between the Howell's Ridge formation and the Hidalgo volcanics
appears lacking. In some outcrops, strong shearing in the volcanics was ob-
served along the diorite contact, suggesting that the diorite may have intruded
a fault plane~-possible a thrust. According to Zeller (8) ... Lasky'ssection may
include at least one duplication., If this contention is true, the section in the
Little Hatchet Mountains will be virtually the same in lithology, fauna, and in
thickness as that of the Big Hatchet Mountains.' Zeller's Lower Cretaceous
section in the Big Hatchet Mountains contains no volcanic units.

The only other occurrence of Hidalgo volcanics crops out as an irregular
area surrounded by the Howell's Ridge formation, immediately south of Howell's
Wells. Lasky interprets this exposure of the volcanics to be formed by erosion
of averlying sediments along the axis of an anticline; however, the postulated
anticline in this area is not evidenced by the attitudes recorded on the map.
During our field check, an intrusive was found to occupy the western end of the
area mapped as volcanics; and elsewhere the limits of the volcanics were either
concealed or obhscured by alluvium. The areal pattern of these volcanics in re-
lationship to the topography suggests that they were deposited on an erosion
surface cut in the sediments.

The Ringbone shale is distinctive because of the abundance of andesitic ma-
terial in many of its beds, which range in composition from fine silts to coarse
conglomerates. Also, it contains unusually large blocks (over 50 feet in dia-
meter) of andesitic rock. Lasky describes a basalt porphyry flow, interbedded
in the Ringbone shale and repeated in the outcrops by faulting. These outcrops
were-investigated and the basalt occurrences appear to be sills. It is notable
that the few fossils collected in this formation are not among those listed by
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Lasky as diagnostic of the Lower Cretacecus. His assignment of the Ringbone
shale to the Lower Cretaceous, therefore, rests entirely on his structural and
stratigraphic interpretations. There appears to be no quesiion that the Ring-
bone shale is stratigraphically lower than the Hidalgo veolcanics; bui there is
reasonable doubt that the Hidalgo volcanics are stratigraphically lower than the
Cretaceous Howell's Ridge and overlying formations.

The Hidalgo volcanics are lithologically similar to other localities of Silver
Bell-type andesite breccia. In view of this and of the possibility that they over-

lie a post-Howell's Ridge erosion surface, we tentatively suggest a.correlation
with the "Silver Bell" formation.

Stanley and Winkleman-Chrisimas Areas

As pointed out by Courtright {1}, the andesite breccias and flows are not
interbedded with, but overlie, Upper Cretaceous sandstones and shales in the
Stanley area; in the Winkleman-Christmas area they overlie Paleozoic lime-~
stones. The surface of deposition is marked by a few feet of greenish silt and
grit.

GENERAL

Volcanics and clastics of the Silver Bell-Claflin Ranch types have been ob-
served in several other localities, including the Silver City district of New
Mexico. There, they have been mapped {9} as Cretacecus-Tertiary extrusives
uncenformably overlying the Upper Cretaceous Colorado formation. In the
Chiricahua Mountains they have been mapped by Sabins {10] as the Nipper for-
mation which unconformably overlies Lower Cretacecus and clder rocks. As
mapped by Guillerman (llj in the Peloncillo Mountains, they likewise overlie
a post-Lower Cretaceous erosion surface,

In the foregoing paragraphs we have described the interval between the Tucson
surface {2} and the overlying acid pyroclastics of the Cat Mountain rhyolite
type as being occupied principally by two formations: the older clastics of the
"Clafiin Ranch" or chacs type and the younger andesites of the "Silver Bell™
type. This may be an over-simplification of the inter-relation of these tweo
rock types. Actually, there may have been repeated episodes of deposition of
clastics end velcanics, with local intervals of erosion. Thus, the sequences
may be found to differ in order and number of units from place to place. The
important points are that these rocks as a group are lithogically similar over
wide areas; they lie on an erpsion surface cut in Cretaceous and older rocks;
and this surface usually marks a pronounced change in the environment of sed-
imentation.

Thanks are due to the American Smelting and Refining Company for permis-
sion to publish this paper, and to Mr, John Kinnison for his critical reading and
useful suggestions.
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April 10, 1984

F. T. Graybeal
New York Office

Dissertation by
G. H. Ballantyne

Attached is a copy of G. H. Ballantyne's letter, the Cover, Abstract,
Table of Contents, List of Figures, List of Tables, and Acknowledgments
of his dissertation ''Chemical and Mineralogical Variations in Propylitic
Zones Surrounding Porphyry Copper Deposits.”

As Geoffrey requested your address 1 suspect he will be sending you a
copy. He is expected to send two bound copies to the Tucson office,
so I'm sure we can supply you with a volume in the event he does not
send one to you.

Please advise as time progresses.
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Exploration Department
Southwestern United States Division

James D. Sell
Manager

April 10, 1984

Dr. G. H. Ballantyne

Kennecott Exploration Group

P. 0. Box 11248 A
Salt Lake City, UT 84147 Lﬁb@”’

Dear Dr. Ballantyme:

A

/ "

Thank you very much for your note and the soft-bound copy of yoﬁr disser-
tation. I look forward to the two bound copies in the near future.

The address you seek is:

Dr. F. T. Graybeal, Chief Geologist
Exploration Department

ASARCO Incorporated

120 Broadway, Room 3422

New York, NY 10271

Phone: 212-669-1267

Sincerely,
'S 7 )
(D////c{ A _ché//
T James D. Sell
JDS/cg

cc: WLKurtz
FTGraybeal

ASARCO Incorporated P. O. Box 5747 Tucson, Az 85703
1150 North 7th Avenue (602) 792-3010
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May 18, 1984

Memo To: B.K. Malone

From: David Sawyer

Subject: Exploration Possibilities Around The Oxide And
El Tiro Mineralized Centers, Silver Bell District

At the end of my two year period of field work in the Silver Bell
District, I felt it might be useful to write my impressions on areas
of exploration potential that remain to be fully examined. These
conclusions are based in part on my own work, having geologically
mapped around the Oxide and El Tiro areas at 1:24,000 scale, and in
part come from having reflected upon previous geologic work on the
district written in articles, reports, theses, maps and cross-sections;
supplemented by my own examination of drill core and drill logs while
collecting samples for my own study. The conclusions are certainly
preliminary, and would need further geologic work to evaluate. Perhaps
some of them can be laid to rest based on more detailed knowledge of
other workers who are more familiar with Silver Bell than I. The
discussion following will be broken down into areas of potential high-
grade reserves, and potential low-grade reserves.

POTENTIAL HIGH GRADE RESERVES

Supergene Enrichment Blanket Mineralization

After studying the geology of the Silver Bell District in detail for

two years, I am confident that Kenyon Richard, .Harold Courtright

and other early workers have identified all areas of significant leached
capping and potential high-grade chalcocite blanket-type mineralization.
All potential targets in the alteration/mineralization zone extending
from North Silver Bell to El Tiro to Oxide (which my studies indicate

is a ring fracture margin of a caldera) have been carefully identified
and evaluated. Some potential for low-grade mineralization of this type
exists and will be discussed in a subsequent section.

Skarn or Tactite Mineralization

I believe that the best possibilities for additional high-grade copper
reserves in the Silver Bell district are associated with skarn mineraliza-

tion in areas adjoining the E1 Tiro and Oxide pits. The caldera model
has significant implications for the search for skarn ore, because of

RECEIVED
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Exploration Possibilities Around The Oxide And
El Tiro Mineralized Centers, Silver Bell District
May 18, 1984

the perspective it will provide on the distribution of favorable
Paleozoic sedimentary host rocks for replacement. In contrast to
previous interpretations of the Paleozoic sequence at Silver Bell

as being a complete section tilted homoclinally to the east (Merz,
1967), my work has shown the Paleozoic rocks to be affected by
significant omission of strata caused by bedding plane thrust faults
(Laramide, precaldera), as well as large scale structural juxtapositions
of internally coherent caldera collapse megabreccia blocks. These
structural complexities will take detailed geologic mapping to resolve,
in order to have predictive understanding for locating exploration
drill holes.

W El1 Tiro: (W of Daisy pit) Several exploration holes have been collared
in the alaskite (biotite granite) and then crossed into strongly mineral-
ized skarn, interspersed with minor dacite porphyry (Confidence Peak
lithic tuff). Grades have ranged up to 0.8 - 2%, though generally for
not more than a couple of benches (except in hole D219 where 368' of
1.09% Cu was intercepted; hole 241 also has higher-grade ore). Some of
this mineralization is moderatly deep, occurring between 2300' and 1800'
elevation. The contact between the biotite granite and lithic tuff

(and enclosed sedimentary rocks),is an expression of the ring fault zone
and appears to dip steeply west. Significant areas in the footwall of
this contact zone remain to be tested for the distribution and grade

of high-grade Cu skarn ore.

N W Oxide: (area from just E of N Butte to NE side of Copper Butte, N of
Dump #3, W of the dike). Strong skarn alteration exists at the surface
in this area, but the downward extension of it has not been thoroughly
tested. Unfortunately, some areas at the surface have been covered by
waste dumps. Moderate grade Cu skarn mineralization (0.5 - 1.0% Cu)

has been drilled in this area, but the vertical and lateral extent of
this mineralized zone and its overall grade has not been determined.
High-grade potential would seem to be strongest toward the SW, adjacent
to the contact between the lithic tuff and the biotite granite or quartz
monzonite porphyry.

Nightingale Mine area: (basin midway between Oxide and El1 Tiro). Skarn
alteration in this area, particularly to the W as the contact between

the lithic tuff and biotite granite is approached, is locally strong

but to my knowledge potential mineralization has never been tested by

the drill. An orthoclase quartz porphyry pluton occurs in this vicinity,
and is very similar to one associated with ore in deep drill holes in

the E Extension area. The pluton is relatively unaltered but the
possibility exists of deeper mineralization associated with its contact
margins.
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POTENTIAL LOW GRADE RESERVES

By this I generally mean areas of hypogene or low-grade supergene
mineralization in silicate igneous rocks, at Silver Bell ranging in
grade from .2 - .5% Cu. Two main areas strike me as having poorly
constrained potential reserves in this range of cutoffs, though
undoubtedly more remain. In fact, most of the area beneath the present
exploration drill coverage in El Tiro and Oxide pits (which bottoms

out close to the present mining surface) could be considered as
potentially containing low-grade reserves.

Imperial Stock: This is the pluton which occurs between the main El Tiro
and E extension pits, and is well exposed on the W side of the E extension
pit. In previous works, it is often referred to as the 'barren pluton'.
However, my interpretation of the drill logs from the very few holes
drilled into its margins indicate that no holes have been drilled much
below the leached oxidized zone, or evaluated the grade of hypogene
copper mineralization below through most of its area of outcrop. The
observed "barren" quality of the pluton may in part be a function of
surface leaching. Inspection of leached capping in outcrops shows no
evidence that would indicate a high-grade chalcocite enrichment blanket
at depth. However, there may have been weak enrichment of a hypogene
protore which would constitute a potential low-grade Cu resource. At
least a few exploration drill holes should be drilled to evalute hypogene
Cu grades in the Imperial stock and potential low-grade enrichment.

E of Oxide: In the area between Oxide pit and the deep drilling associated
with the E Silver Bell exploration project in the mid 70s, there exists

an area of moderately strong to strong alteration tested by only a low
density of drill holes. The potential exists in this area for weak
enrichment forming low-grade chalcocite bodies, as well as deeper hypogene
Cu mineralization. In this area the question of whether the ore bodies
were tilted ENE along with the Laramide volcanic rocks in the central
Silver Bell Mts. assumes importance. If the ore bodies are tilted, then
hypogene mineralized horizons would occur at progressively greater depths
to the E of the main Silver Bell ore zone. A test to evaluate tilting

of the ore bodies would be a paleomagnetic study of the Silver Bell
district. Such studies in the Yerington, Questa, and Red Mt. (Henderson,
C0.) mining districts have documented the extent and timing of tilting

and their effect on ore distribution.

DS/me

cc: SAAnzalone
WLKurtz
JDSell
FTGraybeal
RCummings

LJohnson



Exploration Depariment
Southwestern United States Division

James D. Sell
Manager

May 6, 1985

Dr. Peter W. Lipman.
U.S. Geological Survey
MS913, Box 25046
Denver, Colorado 80225

Dear Pete:

Dave Sawyer dropped off the two recent papers you two have out on the
Silver Bell, AZ area.

I note several references which are in publications which our library
does not receive. Is there any chance of receiving a copy of these?
(Xerox or otherwise?)

Lipman, P.W., 1984, The Roots of Ash-Flow Calderas in Western
North America: Jour. Geophys. Res., vol. 89, p. 8801-8841.

r
5

Kluth, C.F., 1983, Geology of the Northern Canelo Hills and
Implications for the Mesozoic Tectonics of Southeastern
Arizona, in Mesozoic Paleogeography of West-Central
United States: Rocky Mtns. Sect. Soc. Econ. Paleont. Miss.,
p. 159-171

Sawyer, D.A. and Lipman, P.W., 1983, Silver Bell Mountains,
Arizona: Porphyry Copper Mineralization in a Late Cretaceous Caldera:
EOS, vol. 64, p. 874.

Thank you very much.
Sincerely,
-~ /7 -
C Dy A e

- James D. Sell
JDS:mek

ASARCO Incorporated P. Q. Box 5747 Tucson, Az 85703
1150 North 7th Avenue (602) 792-3010
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coarsen and thicken dramatically toward the incipient
ring fracture, along which 225 m of normal displacement
took place. This precursory volcanptectonism was
followed by eruption of about 20 km? of rhyolite ash-
flow tuff and simultaneous subsidence of the Vandever
Mauntain caldera, as shown by: (1) the great thickness
(>0.5 km) of compositionally zoned ash-flow tuff, which
accumulated very rapidly; (2} high-angle normal faults
which pond the ash-flow tuff and offset underlying but
not overlying stratigraphy; and (3) siide blocks up to
0.5 km long that were shed from the caldera wall and
incorporated into the ash-flow tuff as it filled the .
caldera. Disruption of the caldera floor was intense
near the caldera margins but negligible along most of
its Tength, due to piston-like subsidence of an intact
cylinder of crust. Suppression of a vertical eruptive
colum by the pressure of an overlying water column may
be indicated by the restricted dispersal of extra-
caldera ash-flow tuffs and the unusually smail volume
of associated fall-out tuff. A topographic depression
was not created by caldera collapse because relatively
1ittle pyroclastic material exited the caldera. The
Vandever Mountain caldera was not affected by resurgent
doming or Tate-stage rhyolite magmatism in the cross-
sectional view afforded by the Mineral King roaf pend-
ant.

ViiA-13

Silver Bell Mre., Arizona: porphyry copper
mineralization in a late Cretaceous caldera.

uscs,
Denver,CO B0225

D.As SAWYER
P.W. LIPMAN

Two porphyry copper deposits in the Silver Bell
mining district, NW of Tucson, AZ, are spatially
associated with a thick sequence of late Cretaceous
volcanic Tocks related to an ash-flow caldera. A

sional network in favor of & more depolymerized structure,
Furthermore, activation energies indicate significant
differences in the flow properties of diopside versus
alumina-bearing melts across the join.

ViR-02

The Effect of Fluorine on Viscosities in the S%stm\
3 24)- - : el _for Phonolites, Trachyte$
and Rhyolites.

D. B. DINGWELL and €. M. SCARFE, Experimental
eirology Laboratary, Department of Geology,
University of Alberta, Edwonton, Alberta, T6G 2£3
D. J. CRONIN, Center for Materials Science, National
Bureau of Standards, Washington D. C., 20234

PSR

Viscosities were measured to test the effect of
fluorine on aluminum-saturated, peraikaline and
peraluminous melts in the system Na20-A1203-5i02.
Fluorine was added to albite, jadefte and nepheline

were determined by congentric—<ylinder viscometry

aver the temperature range 1000°C-1600°C. P
5 The viscosities (logn)} of all compositions were ’
fitted within error to Arrhenian functions of
temperature, and activation energies (En) were
obtained.  Melts of albite, jadeite and nepheline

with 5-6% F added show large reductions in logn
{e.g. at 1400°C: 1.60, 1.18 and 0.86) and En ?40, 32
and 16 kcal/mole). The peralkaline melt (3.6% F)
shows 3 1.0 logn drop and only a 5 kcal/mole
;reduction in En; whereas the peraluminous melt
£(5.4% F} shows a 0.94 Togn drop and a 16 kcal/mole

e,
/""‘ "——M - melts on the S§02-NaA102 join and to peralkaline and
% peraluminous compositions off the join. Viscosities

to the flow of rhyolites, trachytes and phonolites.

S1-km—thick 1ithic-rich rhyolite welded tuff (72— ; reduction in En. These results, combined with
73% $10,) forms the base of the volcanic sequence ¢ unpublished data on fluorine-doped 5102, indicate
and is overlain by volcaniclastic sediments incorp- § that fEducu“"s in logn and En are positive Tinear
orating clasts of lithic tuff, Extrusion of dacitic i functions of X510Z on the join NaA102-5102 between
(63-65I 5iD,) breccias and flows followed; these and § nepheline and $i02.
other volcanic rocks are high-K varieties, low in Ca H According to published data on hydrous rhyolite
and Mg with little Fe enrichment. Capping the seguence 5 melt ('3“’1‘5)-."‘9 viscosity-reducing effect of
fs a eutaxitic rhyolite welded tuff ranging from 71% to fluorine on albite is one half that of water and
77% $10.,. The volcanic sequence is intruded by monzo- H the reduction in En is very similar (40 vs. 37
diorite and quartz monzodiorite dikes and plutons. The H kca'l/mol.e). Thus, the viscous flow of highly-
plutons have yielded K-Ar biotite ages of 65-68 m.y. 1 polymerized melts is similarly altered by the
Several lines of evidence suggest that the entite 1 addition of F~ or BH~. These results are applicable
¥

volecano/plutonic complex is a deeply eroded and faulted
caldera. The >l km thickness of the lithic tuff suggests
ponding during caldera collapse. Lithic and phenocryst
enrichment of the groundmass rtelative to cognate pumice
18 consistent with sorting effects observed in other
intracaldera tuff accumulations. Paleozoic sediments
that are enclosed by lithic tuff may represent cal-
dera~collapse breccias or disrupted calders floor, The
locus of mineralized and unmineralized intrusions forms
a 150% arc on the west side of the range, probably along
a ring-fracture zone. Alteration mapping by remote sens—
ing suggests closure of the arc on the pediment to the
east of the range (R. Lyon, pers.comm.). Porphyry copper
mineralization assoclated with caldera-related siliclc
volcanism at 5ilver Bell illustrates the diversity of
magmatic processes leading to copper mineralization;

not all porphyry copper deposits form beneath andesitic
stratovolcanoes.

Phase Equilibria

CH, Presidio Mon AM
Presider, C. M. Scarfe, Univ of
Alberta
VIR0l “POSTER.

Viscosity-temperature relationships of melts at one
atmosphere_in the system diopside-albite

€. M. SCARFE (Experimental Petrology Laboratory,
Department of Geology, University of Alberta, Edmonton,
Alberta, T6G 2E3)

D. J. CRONIN (Center for Materials Science,
Bureau of Standards, Washington, D.C. 20234)

Natjonal

The viscosities of six melt compositions have been
measured along the join diopside-albite with a con-
centric-cylinder viscometer. Measurements were made
between 1600 and 1150°C and viscosities were independent
of shear rate, indicating Hewtonian viscous behavior,
Viscosities decreased with increasing temperature and,
at constant terperature, they decreased with increasing
amounts of diopside cormponent in the mixtures. The
temperature dependence of the viscosity above the
liquidus was fitted to an Arrhenius relationship from
which activation energies for viscous flow, ranging
from 88 kcal/mole for a melt of albite composition to
38 kcal/mole for a melt of diopside composition, were
derived., Viscosities over the entire range of the melt
and supercooled 1iquid temperatures were fitted to the
Fulcher equation. Viscosity is strongly dependent upon
the mole fraction of silica and alumina in the melt and
on temperature. Addition of diopside to albite melt
probably causes a reorganization of the three-dimen-

Q7 A
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ViIR-03 BOSTER

SORET SEPARATION NEAR A SILICATE SOLVUS

(*Lamont~Doherty Geol. Obs. and Dept. of Geol. sei.,
Columbia U. Palisades, W. Y. 10964, pt. of Geol.
Sci., Harvard U. Cambridge, MA. 02138)

i
! b warker! end C.E. Lesher?
i

Thermal diEfusion in the single-phase liquid
field in the system KA}Siz0s~Fe25iD4~5iD2(LcFas) is
i strongly affected by the chewmical potential "“apaor-
{ wmalities" which lead to the development of silicate
liquid immiscibility {SL1) at lower remperstures.
Soret compositional arrays, normally sub-radial te
in other aystems, fallow the SLI tie lines in the
composition region of stable SLI but deflect towards
S outside this field. Remarkable temperature-compo—
sition deflections of the Soret array are also ob~
perved in the SL1 compositional rsnge. These Te-
sults suggest that the shape of thermal diffusion
arrays may be uaed to determine the solurion proper—
ties of silicate ligquids. The analysis, which can
also be applied to solids, gives an excess energy of
mixing of §i02 in many silicate solutions of 5-10
kcal and a heat of transport, Q*(Sio2), generally
less than 2 kcal.
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Solubglity of Sulfur In Silicate Liquids at High 502

J.F. STEBBINS (Earth Sciences Division, Lawrence Berkeley
Laborarary, Berkeley CA 94720)

F.C. BISHOP (Department of Geologlcal Sciences, North—
western Univeraity, Evanston IL 60201)

1.8.E, Carmichael {Department of Geology and Geophysics,

University of California, Berkeley CA 94720)
The occurrence of C-!SOA phenocrysts in the 1982 pumice

eruption of El Chichon has stimulated an experimentsl
study of sulfur-oxygen gas solubilities in ailicate liq=

This page mav be freely copied.

JpS

uids. The CaS0O, phenocrysts have the following cuwpo:-
itfon (in ppm) in contrast to the residval glass:

ia Ce Nd Yo Th U Ta Hf Ba s
pheno. 159 258 77 2.0 2.4 1.1 .1% <0.3 B, -
glass 34 59 21 1.9 19.1 5.8 1,2 5.4 1320 2300

and ate taken to represent equilibrium, Thus, in'high
fo, magmas (>NNO), the reaction:

Naausssaouso‘ + cu1151zoa + 165102 - BNuAlsi..’OB'H:aSo

demonstrates that aphydrite plays a role in sllicegus
magmas that is similar to that of nosean in mafic meltg
The presence of pyrrhotite phenocrysts in the Chichon *
semples suggesta that pome of the sulfur in the glagm i,
sulfide and the balance more oxidized species,

Results of others indicste that high sulfur con-
tents (St ) can be produced in synthetic melts at high
£50,. Ve Rsve made experiments in evacuated Silica tubes
usigg the 510 -CaSiD3-CaSO" buffer at 1250 C and £S0_u
0,029 b, Prelfminary resulte indicate that § in
Ereater im L1,51,0, and K,51,0, than in a 38 °810_ ande
site in 24 hr'rufey No § %dﬂﬂppm) vas detected in ap
albite melt under the sah¢ conditions. Longer experi-
ments have produced up to 1.5 wtl § in 11,51,0,. High.
er S contents after longer run tImés and ConCehrra-
tion gradients indicate that these samples have not
reached equilibrium, Further ewperimenta in gas mixing
apparatus are underway, and sulfur speclation determin-
arions by wet chemical techniques sre being made.

—POSTER

The Magmatic - Hydrothermal Transitfon in Rare-Metal
Pegmatites: Fluid Inclusion Evidence from the Tanco
Mine, Manitgba

VHR-05

D. LONDOX (School of Geology & Geophysics, University
of Oklahoma, Norman, Okla. 73019)

Fluid inclusions in lithium aluminosilicates from
the Tanco pegmatite, Bernic Lake, Manitoba, contain a
complex assemblage of daughter minerals that includes
albite, cookeite, Cs-analciwe or pollucite, quartz,
and lithlum tetraborate (Li3B,07). This assemblage
appears to represent crystallization products from &
dense, silicate-rich aqueous fluid, or from a dense
two-phase suspension of aqueous fluid + silicate melt.
The Li;B,07 component acts as a flux to increase misc-
ibility of H0 and silicate components and to depress
the solidus (?) of this system to 450°-480°C at approx-
imately 3 kbar, The system LLAISiO4~NaA151303-5102— R
Li2B,07-H30 has been Investigated experimentally as an
analogue to the natural fluids at Tanco, The solidus
of this model system lies at 3500°C at 2 kbar {fluid).
Crystallization of albite, lithium aluminosilicates,
and quartz drives the melt composition toward the
middle of the albite-Li,8,07 sideline; addition of Cs
should further reduce the solidus temperature and lead
to the crystallizatfon of Cs-aluminosilicates. As in
the Tanco inclusions, the aquecus fluid and silicate
melt of the model system exhibit extensive miscibilicty
over a large range of bulk compositions. Evidence
from the fluid inclusions and these preliminary experi-
ments indicate that (1) late-stage fluids at Tanco (and
similar pegmatites?} were dense borosilicate aqueous
gels or melts; (2) the B content of solution/melt
phases may have reached 7 wt X B,0, or greater; and (3)
the transition from magmatic to ﬁyarurhemal crystal-

ASARCQ:I&E&[EI?T"‘FGME“ essentially continuous {i.e.,
- NI
MAY 1 5 1985
VIIh-06 PSTER—
SW Bxedietion.of free energies of silicates and trace
! é&{g!@g!budun during hvdrothermal alteration

D. A. SVERJENSKY (Department of Earth and Space
Sciences, SUNY at Stony Brook, NY 11794)

The standard Gibbs free energies of formatrion at
25*C and 1 bar of compositional end-members of
silicate structures (MX) exhibit linear correlations
with the corresponding free energies of formation of
the aqueous cations (M*¥) to within 700 cal. mole™*
according to

86, = 4, (86%24) + by
vhere M 1s Mg, Mn, Fe, Co, or Ni, and MX refers to
olivines, orthopyroxenes or clinopyroxenes (data from
Navrotsky, 1978 and Roble et al., 1982), or where M
is Na, K, Rb or Cs in dioctahedral or rrioctahedral
micas {using free energies retrieved from experiments
surmarized by Volfinger and Robert, 1980 with
thermodynamic data from Helgeson et al., 1978, 1981).
These linear correlstions enable prediction of the
free energies of end~member silicates with accuracies
comparable to that weasurable.

Assuming that other major silicate familles, for
vhich the free energies of only the Mg or Fe end-
members are known, exhibit analogous linear
correlations, free energies from Helgeaon et al.,
(1978) were used to predict apMx and byy and the free
energies of amphibole, blotite, snd chlorite
structures containing Mn, Co, Ni, Cu and 2n by taking
advanrage of the temperature independence of the
ratios (ayx/amy) for different silicare structures M%
and HY. Together with thermodynamic dsta for aqueoua
species at elevated temperatures and pressures, the
above free energies enable prediction of the
equilibrium distribution of trace elements during
hydrothermal alteration. '
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Exploration Department
Southwestern United States Division

James D. Sell
Manager

September 30, 1985

Ms. Margaret E. Hinkle
U.S8. Geological Survey
P.0. Box 25046

Denver Federal Center
Denver, CO 80225

Dear Ms. Hinkle:
In the September issue of the "Journal of Geochemical Exploration,"
I note that you co-authored with C.A. Dilbert, the 1984 article
"Gases and trace elements in soils at the North Silver Bell deposit,
Pima County, Arizona" J-G.E., 20; 323-336 (1984).
Would it be possible to secure a copy (or Xerox) of this paper?
Thank you for your consideration.

Sincerely,

s L? /4542/

ames D. Sell

JDS :mek

ASARCO Incorporated P. O.Box 5747 Tucson, Az 85703
150 North 7th Avenue (602) 792- 3010
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Southwestern Exploration Division

January 30, 1987

FILE NOTE

USBM Wilderness Appraisal
Ragged Top Mountain WSA
Silver Bell Mountains
Pima County, AZ

A Terry J. Kreidler, USBM, Denver, Colorado (phone: 303/236-3400) is one
of the Wilderness Appraisal people and is with the Ragged Top WSA group.

He will be down this Spring to complete the work. 1 have asked him to
come in and chat when he is in town.

Q/'g/;wa o M

b/// James D. Sell
JDS:mek

cc: W.L. Kurtz
W.D. Gay
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UNITED STATES DEPARTMENT OF THE INTERIOR
GEOLOGICAL SURVEY

Analytical results and sample locality map
for stream-sediment, panned-concentrate, and rock samples

from the Ragged Top Wilderness Study Area, Pima County, Arizona

By

John B. McHugh*, Gary A. Nowlan*,
David A. Sawyer**, and John H. Bullock, Jr.*

Open-File Report 88-587

This report is preliminary and has not been reviewed for conformity with

U.S. Geological Survey editorial standards and stratigraphic nomenclature.
Any use of trade names is for descriptive purposes only and does not imply
endorsement by the USGS.

*DFC, Box 25046, MS 973, Denver, CO 80225
**DFC, Box 25046, MS 913, Denver, CO 80225
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STUDIES RELATED TO WILDERNESS
Bureau of Land Management Wilderness Study Areas

The Federal Land Policy and Management Act (Public Law 94-579,
October 21, 1976) requires the U.S. Geological Survey and the U.S. Bureau of
Mines to conduct mineral surveys on certain areas to determine their mineral
values, if any. Results must be made avaijlable to the public and be submitted
to the President and the Congress. This report presents the results of a
geochemical survey of the Ragged Top Wilderness Study Area (AZ-020-197), Pima
County, Arizona.

INTRODUCTION

In March 1987, the U.S. Geological Survey conducted a reconnaissance
geochemical survey of the Ragged Top Wilderness Study Area, Pima County,
Arizona. Additional samples were collected in December 1987. The wilderness
study area and nearby sampled terrain are termed the "study area.” p

The Ragged Top Wilderness Study Area comprises 4,460 acres (about 7 mic)
in the north central part of Pima County, Arizona, and lies about 35 mi
northwest of Tucson, Arizona (see fig. 1). Access to the study area is
provided by the Silver Bell, Avra Valley, and Red Rock roads.

Topography of the study area is dominated by the rugged mass of Ragged
Top Peak, elevation 3,907 ft, and a shorter subsidiary peak called Wolcott
Peak which rise abruptly to a maximum of 1,700 ft above the surrounding
bajada. The two peaks, which are collectively known as Ragged Top, are the
northeastern peaks of the Silver Bell Mountains. Ragged Top is separated from
the main mass of the Silver Bell Mountains by a mile-wide valley.

Vegetation is characteristic of the Sonoran Desert. Common species
include saguaro and other cacti, paloverde, acacia, ironwood, mesquite, and
creosote bush.

The southwest part of the study area lies within the Silver Bell mining
district (Richard and Courtright, 1966; Graybeal, 1982). The first recorded
mining activity in the district was in 1865 about 2 miles south-southwest of
the wilderness study area; silver and copper were recovered from skarn.
Exploitation of porphyry copper deposits at the E1 Tiro and Oxide pits began
in 1954 and continued until 1985. The E1 Tiro pit is about 2 miles southwest
of the wilderness study area and the Oxide pit is about 3 miles south. A
third, unexploited, porphyry copper deposit, the North Silver Bell deposit,
1ies about 1 mile from the southwest corner of the wilderness study area.
Production from the E1 Tiro and Oxide deposits from 1954 to 1977 totaled
75,655,000 tons averaging 0.80 percent copper, 0.07 oz/ton silver, and 0.022
percent molybdenum sulfide (Graybeal, 1982). Copper has been the predominant
commodity produced in the Silver Bell district but two mines about 2 miles
southwest of the wilderness study area produced about 150,000 tons of ore
averaging 16 percent zinc, 1.3 percent copper, 0.6 oz/ton silver, and minor
lead and gold (Keith, 1974). Total production of base and precious metals in
the Silver Bell district from 1885 to 1981 amounted to 90,351,000 tons (Keith
and others, 1983).

Geology of the study area is included in reports by Sawyer (1986,

1987). A major structural feature in the study area is the Ragged Top fault,
a probable strike-slip fault that runs from near the southeast tip of the
wilderness study area west-northwest across the wilderness study area.
Precambrian Oracle-type granite predominates on the north side of the fault
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although Middle Proterozoic Apache Group sedimentary rocks crop out east of
Ragged Top. Upper Cretaceous volcanic rocks predominate south of the Ragged
Top fault. The volcanic rocks consist of andesite-to-dacite extrusive rocks
and rhyolite tuffs. Upper Cretaceous sedimentary rocks southwest of Ragged
Top contain clasts that include Precambrian schist, Paleozoic sedimentary
rocks, probable Lower Cretaceous sandstone, Cretaceous algal limestone, and
volcanic rocks. An Upper Cretaceous granodiorite porphyry laccolith underlies
part of the southwestern section of the wilderness study area. Ragged Top is
an Oligocene rhyolite dome that was extruded along the trace of the Ragged Top
fault. Quaternary sediments that are mostly unconsolidated cover the flatter
sections of the study area.

Sawyer (1986, 1987) and Lipman and Sawyer (1985) present evidence to
support the concept that the Upper Cretaceous sedimentary rocks, the Upper
Cretaceous andesite-to-dacite extrusive rocks, and certain of the Upper
Cretaceous rhyolite tuffs are the results of the formation and later collapse
of a caldera during Late Cretaceous time.

METHODS OF STUDY
Sampie Media

Analyses of stream-sediment samples represent the chemistry of the rock
material eroded from the drainage basin upstream from each sample site. Such
information is useful in identifying those basins which contain concentrations
of elements that may be related to mineral deposits. Panned-concentrate
samples derived from stream sediment provide information about the chemistry
of certain minerals in rock material eroded from the drainage basin upstream
from each sample site. The selective concentration of minerals in panned-
concentrate samples, many of which may be ore related, permits determination
of some elements that are not easily detected in stream-sediment samples.
Analyses of unmineralized or unaitered rock samples provide background
geochemical data for individual rock units. Analyses of mineralized or
altered rocks may provide useful geochemical information about the major- and
trace-element assemblages associated with a mineralizing system.

Sample Collection and Preparation

Sampling sites are represented on plate 1. During the initial
reconnaissance sampling in March 1987, a stream-sediment sample and two
panned-concentrate samples derived from stream sediment were collected at each
of the 11 sites (numbers 105-108, 113-118, 126). The two panned-concentrate
samples from each site were treated differently, as described below, and after
preparation were respectively termed a "nonmagnetic heavy-mineral-concentrate
sample” and a "raw panned-concentrate sample.® Average sampliing densitz
during the reconnaissance sampling waszabout one Eamp]e site per 0.7 mi“ and
the drainage basins ranged from 0.2 mi¢ to 1.5 mi¢ in area. During the
follow-up sampling in December 1987, nonmagnetic heavy-mineral-concentrate and
raw panned-concentrate samples were collected at 15 localities (numbers 7301-
7305, 7312-7314, 7317-7323) except that no nonmagnetic heavy-mineral-
concentrate sample was collected at site 7321. Samples were collected by Gary
A. Nowlan and David A. Sawyer.



Stream-sediment samples

The stream-sediment samples consisted of active alluvium collected
primarily from first-order (unbranched) and second-order (below the junction
of two first-order) streams as shown on U.S. Geological Survey topographic
maps (scale = 1:24,000). The stream-sediment samples were dried, then sieved
using 30-mesh (0.595-mm) stainless-steel sieves. The portion of the sediment

passing through the sieve was pulverized to approximately minus-100 mesh
(minus-0.15 mm) for analysis.

Nonmagnetic heavy-mineral-concentrate samples

Ten to twenty pounds of stream sediment were collected from the active
alluvium. Most of the samples were panned without screening. However,
samples from sites 105-108 and 113-114 were screened with a 2.0-mm (10-mesh)
screen to obtain about 20 1b after removal of the coarse material. The
samples were panned to remove most of the guartz, feldspar, organic matter,
and clay-sized material. The resulting concentrates were estimated to weigh
between 1 and 4 oz.

After drying, bromoform (specific gravity 2.8) was used to remove the
remaining quartz and feldspar from the samples that had been panned. Each
heavy-mineral sample was then separated into three fractions using a large
electromagnet (in this case a modified Frantz Isodynamic Separator). The most
magnetic material, primarily magnetite, was not analyzed. The second
fraction, largely ferromagnesian silicates and iron oxides, was saved for
archival storage. The third fraction (the least magnetic material which may
include the nonmagnetic ore minerals, zircon, sphene, etc.) was split using a
Jones splitter. One split was hand ground for spectrographic analysis; the
other split was saved for mineralogical analysis. These magnetic separates
are approximately the same separates that would be produced by using a Frantz
Isodynamic Separator set at a slope of 15° and a tilt of 10° with a current of
0.2 ampere to remove the magnetite and ilmenite, and a current of 0.6 ampere

to split the remainder of the sample into paramagnetic and nonmagnetic
fractions.

Raw panned-concentrate samples

Raw panned-concentrate samples were collected and panned in the same
manner as the heavy-mineral-concentrate samples except that the samples were
panned to a smaller amount. The raw panned-concentrate sampies were dried and
then were analyzed for gold without further preparation.

Rock samples

Sixty-four samples of bedrock were collected (table 1). The 28 samples
from the RTR130 series were collected from outcrops at generally 100-ft
intervals along a traverse crossing an area of altered bedrock along the west
side of the wilderness study area. Sample RTR106A is from a shear zone. The
seven samples from the 82S series were collected in 1982 and are
representative of bedrock units where mineralization is absent and alteration
is slight. The 28 samples from the RT7300 series are samples of mineralized
rock, altered rock, and vein material. Descriptions of the rock samples are
in table 1. Rock samples were crushed and then pulverized to approximately
minus-100 mesh (minus-0.15 mm) with ceramic plates.



Sample Analysis
Spectrographic method

The stream-sediment samples were analyzed for 31 elements and the
nonmagnetic heavy-mineral-concentrate and rock samples for 35-37 elements
using a semiquantitative, direct-current arc emission spectrographic method
(Grimes and Marranzino, 1968). The elements analyzed and their lower limits
of determination are listed in tables 2 and 3. Spectrographic results were
obtained by visual comparison of spectra derived from the sample against
spectra obtained from standards made from pure oxides and carbonates.

Standard concentrations are geometrically spaced over any given order of
magnitude of concentration as follows: 100, 50, 20, 10, and so forth.

Samples whose concentrations are estimated to fall between those values are
assigned values of 70, 30, 15, and so forth. The precision of the analytical
method is approximately plus or minus one reporting interval at the 83 percent
confidence level and plus or minus two reporting intervals at the 96 percent
confidence level (Motooka and Grimes, 1976). Values determined for the ma jor
elements (iron, magnesium, calcium, titanium, sodium, and phosphorus) are
given in weight percent; all others are given in parts per million (ppm)
Emission spectrographic analyses were performed by John H. Bullock, Jr.

Other methods

Table 4 1ists other methods of analysis used on samples from the Ragged
Top Wilderness Study Area and lists limits of determination, precision, and
references for the methods. Rock and stream-sediment samplies were analyzed
for gold by graphite furnace atomic absorption spectroscopy and for antimony,
arsenic, bismuth, cadmium, and zinc by inductively coupled plasma emission
spectrometry. Rock samples were analyzed for mercury by cold vapor atomic
absorption spectroscopy, for tellurium and thallium by flame atomic absorption
spectroscopy, for fluorine by ion selective electrode, and for tungsten by
visible spectrophotometry. Stream-sediment samples were analyzed for uranium
by ultraviolet fluorimetry. Raw panned-concentrate samples were analyzed for
gold by flame atomic absorption spectroscopy. Analysts were Paul H. Briggs,
Alonza H. Love, John B. McHugh, Richard M. 0'Leary, Theodore A. Roemer, John
D. Sharkey, and Eric P. Welsch.

Analytical resuits for stream-sediment, nonmagnetic heavy-mineral-
concentrate, raw panned-concentrate, and rock samples are listed in tables 5,
6, 7, and 8, respectively.

DATA STORAGE SYSTEM

Upon completion of analytical work, the results were entered into a U.S.
Geological Survey computer data base called PLUTO. This data base contains
both descriptive geological information and analytical data. Any or all of
this information may be retrieved and converted to a binary form (STATPAC) for
computerized statistical analysis or publication (VanTrump and Miesch, 1977).

DESCRIPTION OF DATA TABLES
The numeric portion of each sample identification in tables 5-7 and of
RT7300-series rock samples and sample RTR106A in table 8 corresponds to the

site number on plate 1. However, only the last three numbers in sample
identifications for 82S-series rock samples in table 8 correspond to site
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numbers on plate 1. Sites A-Z on plate 1 show the sampling sites of RTR130-
series rocks and correspond to the letter immediately following 130 in each
sample identification in table 8.

A letter "N" in the tables indicates that a given element was looked for
but not detected at the Tower limit of determination. If an element
determined by emission spectrography was observed but was below the lowest
reporting value, a "less than" symbol (<) was entered in the tables in front
of the lower 1imit of determination. No distinction was made between "not
detected" and "less than" for samples analyzed by methods other than emission
spectrography. If an element was above the highest reporting value, a
"greater than" symbol (>) was entered in the tabies in front of the upper
limit of determination. The lower 1imit of determination for gold in raw
panned-concentrate samples by atomic absorption spectroscopy is 0.05 ppm,
based on a 10-g sample. Because the sample weight for raw panned-concentrate
samples was variable, the lower limits of determination varied from 0.02 to
0.07 ppm. The weights of the raw panned-concentrate samples (table 7) are
given in grams and are in the column headed by "weight".

Because of the formatting used in the computer program that produced
tables 5-8, some of the elements listed in these tables (Ca, Fe, Mg, Na, P,
Ti, Ag, Be, Cd-i, Au-a, Hg-a, Te-a, and T1-a) carry one or more nonsignificant
digits to the right of the significant digits. The spectrographic
determinations for As, Au, Bi, Cd, Mo, Sb, Th, and W in stream-sediment
samples; for As, Co, Ge, Nb, Pd, Pt, Sb, and Th in nonmagnetic heavy-mineral-
concentrate samples; and for As, Au, Ge, Sb, Sn, and Th in rock samples were
all below the lower limits of determinations shown in tables 2 and 3:
consequently, the columns for these elements were omitted from tables 5, 6,
and 8, respectively. The spectrographic determinations for Zr in nonmagnetic
heavy-mineral-concentrate samples were all greater than the upper 1limit of
determination and so that element was omitted from table 6.
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Table 1.--Descriptions of analyzed rock samples from
the Ragged Top Wilderness Study Area,
Pima County, Arizona.

Sampie Description

RTR130AA Granodiorite porphyry

RTR130BA Granodiorite porphyry

RTR130CA Granodiorite porphyry, siightly aitered

RTR130DA Granodiorite porphyry, slightly alitered

RTR130D8B Granodiorite porphyry, altered

RTR130EA Granodiorite porphyry, altered

RTR130EB Granodiorite porphyry, altered

RTR130FA Granodiorite porphyry, altered

RTR130GA Granodiorite porphyry, highly altered, brecciated
RTR130HA Granodiorite porphyry, highly aitered, brecciated
RTR1301IA Granodiorite porphyry, highly altered, brecciated
RTR130JA Granodiorite porphyry, highly altered, brecciated
RTR130KA Granodiorite porphyry, highly altered,

RTR130LA Fine grained rock, highly altered

RTR130MA Granodiorite porphyry, alitered

RTR130NA Potassium-rich rock

RTR1300A Potassium-rich rock

RTR130PA Granodiorite porphyry, slightly altered

RTR130QA Granodiorite porphyry, slightly altered

RTR130RA Granodiorite porphyry, slightly altered

RTR130SA Granodiorite porphyry

RTR130TA Granodiorite porphyry, slightly altered

RTR130UA Granodiorite porphyry, slightly altered

RTR130VA Granodiorite porphyry

RTR130WA Dijabase

RTR130XA Oracle-type granite

RTR130YA Diabase

RTR130ZA Oraclie-type granite

RTR106A Oracle-type granite from shear zone
825-023 Granodiorite porphyry

825-044 Granodiorite porphyry

82S8-122 Lithic tuff

825-133 Rhyolite welded tuff

828-135 Rhyodacite porphyry

825-150 Rhyodacite porphyry

825-382 Rhyolite

RT7306A Barite-fluorite vein

RT7306BA Barite vein
RT7306BB Altered wall rock by barite vein

RT7307A Granodiorite porphyry, altered

RT7308A Granodiorite porphyry, altered

RT7309A Sulfide minerals and calcite

RT73098 Granodiorite porphyry with sulfide minerals
RT7309C Granodiorite porphyry with sulfide minerals



Table 1.--Descriptions of analyzed rock samples from

the Ragged Top Wilderness Study Area,
Pima County, Arizona--Continued.

Sample Description

RT7309D Dolomite (?) vein with sulfide minerals

RT7309EA Rhodochrosite (?) vein with sulfide minerals

RT7309EB Granodiorite porphyry with rhodochrosite (?)
and suifide minerals

RT7308F Granodiorite porphyry with sulfide minerals

RT7309G Granodiorite porphyry with sulfide minerals

RT7310A Granodiorite porphyry

RT7310B Granodiorite porphyry with calcite and sulfide
minerals

RT7311AA Quartz vein

RT7311AB Quartz vein

RT7315A Quartz vein

RT7315B Quartz vein

RT7315CA Quartz vein

RT7315CB Altered granite

RT7316A Diabase

RT7324A Barite vein

RT7324B Barite vein

RT7324CA Quartz vein

RT7324CB Quartz vein

RT7325A Quartz vein

RT7326A Quartz vein with sulfide minerals




TABLE 2.--Limits of determination for the spectrographic analysis of

stream-sediment samples, based on a 10-mg sample

Elements Lower determination 1imit Upper determination 1limit
Percent
Iron (Fe) 0.05 20
Magnesium (Mg) .02 10
Calcium (Ca) .05 20
Titanium (Ti) .002 1

Parts per million

Manganese (Mn) 10 5,000
Silver (Ag) 0.5 5,000
Arsenic (As) 200 10,000
Gold (Au) 10 500
Boron (B) 10 2,000
Barium (Ba) 20 5,000
Beryllium (Be) 1 1,000
Bismuth (Bi) 10 1,000
Cadmium (Cd) 20 500
Cobalt (Co) 5 2,000
Chromium (Cr) 10 5,000
Copper (Cu) 5 20,000
Lanthanum (La) 20 1,000
Molybdenum (Mo) 5 2,000
Niobium (Nb) 20 2,000
Nickel (Ni) 5 5,000
Lead (Pb) 10 20,000
Antimony (Sb) 100 10,000
Scandium (Sc) 5 100
Tin (Sn) 10 1,000
Strontium (Sr) 100 5,000
Vanadium (V) 10 10,000
Tungsten (W) 50 10,000
Yttrium (Y) 10 2,000
Zinc (Zn) 200 10,000
Zirconium (Zr) 10 1,000
Thorium (Th) 100 2,000
10 ASARCO

LIBRARY



TABLE 3.--Limits of determination for the spectrographic analysis of
heavy-mineral-concentrate samples based on a 5-mg sampie

[The spectrographic limits of determination for rock samples are based on a

10-mg sample and are therefore two reporting intervals lower than the limits
listed in this table]

Elements Lower determination 1imit Upper determination limit
Percent
Iron (Fe) 0.1 50
Magnesium (Mg) .05 20
Calcium (Ca) .1 50
Titanium (T1) .005 2
Sodium (Na) .5 10
Phosphorus (P) .5 20
Parts per million
Manganese (Mn) 20 10,000
Silver (Ag) 1 10,000
Arsenic (As) 500 20,000
Gold (Au) 20 1,000
Boron (B) 20 5,000
Barium (Ba) 50 10,000
Beryllium (Be) 2 2,000
Bismuth (Bi) 20 2,000
Cadmium (Cd) 50 1,000
Cobalt (Co) 20 5,000
Chromium (Cr) 20 10,000
Copper (Cu) 10 50,000
Lanthanum (La) 100 2,000
Molybdenum (Mo) 10 5,000
Niobium (Nb) 50 5,000
Nickel (N1) 10 10,000
Lead (Pb) 20 50,000
Antimony (Sb) 200 20,000
Scandium (Sc) 10 2,000
Tin (Sn) 20 2,000
Strontium (Sr) 200 10,000
Vanadium (V) 20 20,000
Tungsten (W) 50 20,000
Yttrium (Y) 20 5,000
Zinc (Zn) 500 20,000
Zirconium (Zr) 20 2,000
Thorium (Th) 200 5,000
Gallium (Ga) 10 1,000
Germanium (Ge) 20 200
Platinum (Pt) 20 1,000
Palladium (Pd) 5 1,000
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TABLE 4.--Analytical methods used other than emission spectrography

[AAC, cold vapor atomic absorption; AAF, flame atomic absorption; AAG, graphite furnace atomic absorption;
F, ultraviolet fluorimetry; ICP, inductively coupled plasma spectrometry; ISE, ion selective electrode;
VS, visible spectrophotometry; <, less than value shown]

Element Sample Lower 1limit of Precision, percent
determined type Method determination, relative standard References
ppm deviation

Mercury (Hg) rocks AAC 0.02 <5 Crock and others, 1987.

Tellurium (Te) rocks AAF 0.1 4.5-7.3 Hubert and Chao, 1985.

Thallium (T1) rocks AAF 0.05 1.6-12.5 Hubert and Chao, 1985.

Gold (Au) raw panned AAF 0.05% 9.3-42.5 Thompson and others, 1968;
concentrates 0'Leary and Meier, 1986.

Gold (Au) rocks, stream AAG 0.001 3.7-21.1 Meier, 1980; 0'lLeary,
sediments and Meier, 1986.

Uranium (U) stream F 0.1 6.9-14.2 Centanni and others, 1956;
sediments 0'Leary and Meier, 1986.

Antimony (Sb) rocks, stream ICP 2 6.4-11 Crock and others, 1987.
sediments

Arsenic (As) rocks, stream ICP 5 3.5-20 Crock and others, 1987.
sediments

Bismuth (Bi) rocks, stream ICP 2 2.2-11.9 Crock and others, 1987.
sediments

Cadmium (Cd) rocks, stream Icep 0.1 2.8-8.8 Crock and others, 1987.
sediments

Zinc (Zn) rocks, stream ICP 2 1.4-11.9 Crock and others, 1987.
sediments

Fluorine (F) rocks 1sed 100 0.98-5.51 Hopkins, 1977; O'Leary and

Meier, 1986.
Tungsten (W) rocks VS 1 2.9-6.9 Welsch, 1983; 0'lLeary and

Meier, 1986.

3Based on 10-g sample
bHot nitric acid digestion




§

Table J.--Results of analyses of streau~sediment samples collected from the
Ragded Top Wilderness Study Area, Pisa County, Arizona

[N, not detected: ¢, detected below limit of determination shown For emission spectrodraphic analyses, less than value
shown for other metheds; >, greater than value shouny ---, not determined. Methods: Au-a, atomic absorption: As-1,
Bi-i, Cd-i, Sb-i, Zn-i, inductively coupled plassa spectroscopy; U-f, ultravielet Fluprimetry: others, esission
spectrography. Element values in ppw except Ca, Fe, Mg, and Ti, which are weight percent]

Sample Latitude  Londitude Ca Fe Mg i Ad Au-a  As-i B Ba Be Bi-i Cd-i

RTA105 32 26 34 (11 27 28 1.3 R P} 7 N - 7 30 700 3.0 {2 .8
RTR10& X5 M2718 1.0 1V P J N 001 b 20 00 2.0 2 2.3
RTA107 2716 M8 1.0 710 1.0 N <,001 5 30 500 3.0 2 1.4
RTA108 274 1112754 . {5 3 g N -— 7 70 300 3.0 2 2.3
RTA113 T Wwun 3 7 7 10 N 4,001 9 70 300 2.0 2 1.9
RTA134 3228 8 111 2850 . 7 L0 L0 N - b 15 00 3.0 2 i3
RTAI1S 32 28 31 1130 4 7 100 1.3 J N <.001 &) 30 500 3.0 {2 1.3
RTAL16 322819 111 30 30 J 10 i J N .002 9 6 1,500 3.0 2 1.4
RTAL1? 322743 1113039 1.0 5 1.3 S0 .005 8 0 1,000 2.0 2 1.3
RTALLE 22357 11303 ) 3 Lo 3 N .010 {5 10 300 1.0 2 Jd

RTA124 ZWH14 11129 4 J 7 1.0 9 N .001 7 10 00 1.5 {2 .8

Bample fr Cu La Mn Nb Ni Pd  Sh-i  Se Sn Sr U-f v Y in In=i

RTA105 0 30 30 300 200 30 5 2 13 N 200t 150 20 N &8
RTA104 50 70 <20 1,000 NS0 20 1 15 <10 {100 2.2 200 50 200 88
RTA107 30 350 z 1,300 N2 50 2 2 N <100 3.0 200 7 200 71
RTA108 200 30 N 700 <20 S0 30 2 10 N N 7.5 500 500 N k)
RTALL3 0 50 <20 300 <20 30 0 14 153 <10 N 1.9 200 350 N a9
RTAL14 0 S50 70 00 <20 15 30 2 20 <10 (00 3.7 150 100 N 73
RTALLS 0 30 50 2,000 <20 15 3¢ 2 15 N 100 2.8 200 100 N 81
RTAL1 30 S50 50 1,000 <20 30 130 2 20 <10 100 2.9 300 70 N 7
RTAL17 30 70 30 2,000 NoO20 300 2 13 N 150 1.1 100 20 200 150
RTA118 20 30 <20 300 N 7 70 2 3 N 100 1.2 70 <0 <200 &8
RTA126 2020 <20 300 N 15 30 2 3 N 100 1.1 100 10 N 80

13

ir

500
200
300
300
300

1,000
500
1,000
200
70

100



[H. not detected: <, detecied below Limit of devermination shown®

spectroaraphy.
Sample Latitude
RTH105 322 3
RTH106 22735
RTH167 3227 1%
RTH108 2274
RTHI13 27 2
RTH114 32728 8
RTHEIS 2283
RTHi14 3228 19
RTHI17 3227 83
RTH118 3226 57
RTH1Z4 32 26 14
RTH7301B 32 26 96
RTH730Z 32 26 53
RTHI303 32 24 S5
RTH7304B 32 24 50
RTH7305B 32 27 |
RTH731Z 3227 ¢
RTH7313 3227 8
RTH7314 3227 5
RTHIA1? 32 26 31
RTH7318 32 26 3¢
RTH73198 32 25 42
RTH7320B 32 26 40
RTH7322 3226 9§
RTH7323 32 26 15
Sawple Cr £
RTHIOS {20
RTH104 2
RTH107 N
RTH108 N
RTHI13 <20
RTH114 N
RTH113 N
RTHi14 N
RTH117 20
RTH118 N
RTH124 N
RTH7301B N
RTH7302 N
RTH?303 N
RTH73048 <20 I,
RTH7305B N
RTH7312 N
RTH7313 20
RTHT3L4 w20
RTH?3L7 N
RTH7318 30
RTH7319B 20
RTH73208 N
RTH73Z2 N
RTH7323 N

Tible 6.-~Resuits of analyses of nonmadnetic heavy-wineral-concentrate sasples from the
Ragged Top Wilderness Study Area. Pima County, Arizena

». dreater than value shown.

Element values are ppm except Ca, Fe, Md, Na, P, and Ti, which are weight mercentl

Londitude

111 27 28
111 27 18
11 27 29
11127 54
iz

111 28 50
11130 4
111 30 30
11130 39
111 30 35

129 4
111 30 34
111 30 31
111 30 27
111 30 14

111 30 43
U127 4
111 27 43
1t 27 21
1285

13 3
11 30 13
111 30 14
111 30 16
111 30 18

u Ga

70 20
2 15
13 i0
<10 30
50 70

10 30
<10 15

150 <10

{10

Ld

o enoen L ootn

~4 -3

30
<0

10

La

<10
110

10
10

{3
{10

10
10
15
30
15

<10
10
10
10
20

0
0

0
0

0
0

0
0
0
0
0

0
0
0
0
0

_—-=m=o X

Fo

1.00
130

70
1.00
1.00

50
1.00
.7
1.50

.30

70
10
.20
. J0
.20

.10
.70
70
1,50
1,00

.20
ot
L

10
.10
A3

Mn

300
300
700
700
700

1,000
700
700
700
200

300
500
700

1,000

200
1,000
500
1,000
{,000

500
700
130
300
500

30
.30
20
.20
.50

.20
.30
.30
.50
.10

A5
10
10
.10
A5

207
A5

ki
"

1.00
19

.10
.10
.07
07
.10

ZEZEEETEC

10

30
200
<10

Ni

{10
<10
<10
10
{10

ZEo &E T =

T ExEZT EZT X

- 4

= =

m=EXEaxExE

14

—

3.000
»50,000

1,000
13,000
3,000
1,500
750,000

300
50
<20
(20
30

50
750,000
3,000
1,500
10,000

Ti

50
200
200
70
100

150
100
150
30
30

30

ot
4

20

n
&

30

200

100
100

15
70
{10

20

Z = X =X

700
N

200

N

N

700
700
1,500

N
»10,000
10,000
10,000
10,000

310,000
<200
500

500

700

10,000
7,000
10,000
10,000
10,000

o0
20
30
2

30

{20
20
<20
30

<20

= £ 2

20
bl
&l

30

& EEO

15,000

1,500

5,000

10,000

3,000

210,000
5.000
3,000
1.000

10,000

700
3,000
10,000
10,000
10,000

10,000
710,000
210,000
210,000
10,000

510,000
3,000
310,000
10,000
$10,000

210,000
310,000
10,000
310,000
10,000

30
200
100

50
100

i
xzx O xE =

50
50
30
100

== =

4

700

150
150

Z T Z xET x=

500
200
150
150
300

=z E & E X

700 N

300
30

== ZE a

~1 W)

1

E ) ~4 ~1 U wnoen o

T E XX

NN N =

(

{

Z T ZXE M

500
1.500
1,500
1.000
1,500

1,500
1,000
1,000
500
150

300
300
500
300
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1,500
1,500
1,000

700

200
700
100
70
150

rnalyses by emission
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S EXTXEXE X
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EmEEEmxEZ
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Table 7.--Results of analyses of raw panned-cencentrate
samples coilected from the Ragged Top Milderness Study
Area, Pima County, Arizona

(<, less than value shown. Au-a in pps. Weidht, drams
of raw panned-concentrate sample. Analyses by atomic
absorptionl

Sample Latitude Longitude Au-a  Weight

RTGI0S BN W27 .05 11.01
RTG104 32279 112718 .04 13.09
RTG107 22716 11127 29 .05 11.02
RTG108 32278 111 27 54 .03 ?.97
RTGLI3 21 a2y <.06 1.95

RTG114 3228 8 111 28 50 (.04 14.45
RTG11S 28N 11130 4 .05 10.04
RTG116 322819 11130 30 .05 11.35
RTG117 3227 43 {11 30 39 .07 6:59
RTGi18 322657 1113035  150.00 7.44

RTG126 32214 11129 4 (.05 11.55
RTG7301 32 26 56 111 30 4 2.20 21.57

RTG7302 3226 53 111 30 31 20 15.18
RTG7303 32 26 55  1t1 30 27 .03 19.68
RTG7304 32 26 50 111 30 14 3.40 13.13
RTG7305 3227 1 (11 30 43 03 17.80
RTIG7312 3227 9 11127 44 (.03 21.45
RIGMI3 3227 B 1112743 .03 19.83
RTG7314 3227 5 11272 .03 16.69
RTG7317 322631 111 29 57 08 15.89
RTG7318 322639 111 30 3 .02 26,66
RTG7319 32 26 42 111 30 13 .11 16.62
RTG7320 32 26 40 111 30 14 23 25.10
RTG7321 322630 111 30 15 .03 18.29
RTG7322 3226 9 111 30 14 04 13.32
RT67323 3226 15 111 30 1B .99 20.00
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Table 8.--Results of analyses of rock sawpies collected From the Radded Top Wildetness Study Area, Pima County. Arizona

[N, not detected: ¢, detected below limit of determination shawn for esmission spectrodraphic analyses. less than value shown
for other metnods:

coupled spectroscopy; Au-a, Hg-a, Te-a, Tl-a, atomic absorption: W-v, visible spectrophotometry: F-is. ion selective

electrode: others. emission spectrodraphy. Yalues in ppa except Ca, Fe, M4, Na, P, Ti, and F-is, which are weight percent]

Sauple

RTRI30AA
RTR130BA
RTR130CA
RTR130DA
RTR130DB

RTRI30EA
RTR130EB
RTR130FA
RTR130GA
RTR130HA

RTR130IA
RTR130.JA
RTRI1Z0KA
RTRI30LA
RTR130MA

RTR130NA
RTR1300A
RTR130PA
RTR130GA
RTR130RA

RTR130SA
RTR130TA
RTR130UA
RTR130VA
RTRI30KA

RTR130XA
RTR130YA
RIR1I0ZA
RTR106A
825-023

825-044
828-122
826-133
828-135
825-150

826-382
RT7306A
RT7304BA

RT7306BB
RY7307A

RT7308A
RT7309A
RT730%8
RT7309C
RT7309D

Latitude

27
27
27
27
2

L2 oLy LI Gy Ll
F)r3 e ra
[T

~1 -1 O~

2271 8
3227 8
R 2710
2271
22712

3227 13
3227 14
22718
22715
322718

RN
27718
22719
32272
Z 712

2272
DL
07
227

22730

2273
322732
32271
3221 3
3227 29

32 26 59
322w 1
283
322529
322615

32 26 47
32 26 54
32 26 54
32 26 54
32 26 58

322638
Zu
27
Kvavs)
2u

N3 R

Longitude

111 30 31
11t 30 3t
111 30 31
111 30 31
111 30 3t

111 30 30
111 30 30
{1 30 31
111 30 31
111 30 31

111 30 30
111 30 30
111 30 31
111 30 32
111 30 33

111 30 32
111 30 34
111 30 34
111 30 34
t11 30 34

111 30 34
111 30 35
111 30 34
111 30 33
i1t 30 33

111 30 34
111 30 34
1130 35
111 27 18
111 30 48

111 31 20
111 30 15
111 30 25
111 30 23
1293

111 29 18
111 30 39
til 30 3¢

111 30 39
111 30 18

130 3
HL 6
111 30 &
11130 6
11130 &

" 3,00

Ca
20

.30
.20
.20

.30
A3
.20
.07
.20

A3
.20
.30
A3
.30

.30
143
2.00
3.00
2.00

1.30
1.00
20
.20
3.00

.70

.30
15.00
.50

1.50
1,00

0
1.50
.50

.30
2.00
3.00

3.00
.30

$7
7.00
1.00
.30
20.00

>, dreater than value shown: ---,

Fe

N on ) n wn
. = e =
[ =B =B I =]

~4 ~1 Lo LI n
- . e sl e e
o OoOC O

,_.
[ = e B B }
L= — B = B = i )
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- =4~y e~
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O N ~u ~d
e 4 e u =
[— =N = - R =

—

"~
. =

—

:.n_Ocnow
-

[—JR =~ I =

-4 N Lu p3 ~S
« & . .

[aS At ] LI 3
« " . = .
O — O

o~ on
. . -
[ = 2w W -

7.0
5.0

not determined.

Hg Na
1.0 0
2.0 3.0
2.0 P
2.0 3.0
L5 3.0
o 1.0
2 5
1.3 3.0
3 .3
7 1.3
1.5 2.0
1.5 3.0
2.0 2.0
3.0 2.0
1.0 {2
.7 3.0
1.0 2.0
2.0 3.0
3.0 3.0
3.0 2.0
3.0 3.0
1.5 3.0
1.9 3.0
3 3.0
3.0 2.0
+7 2.0
5.0 2.0
J 3.0
10.0 .2
1.0 3.0
2.0 3.0
.3 2.0
3 3.0
1.3 3.0
2.0 3.0
2 3.0
.7 1.5

. N

N

1 N
] 3.0
3 3.0
1.5 2.0
9 L3
1.5 3
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N
N
N
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<300
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700
500
500
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»300
<700
700

.300
.700
.700
.700
500

.700
.700
700
+700
700

.300
.300
. 700
.300

1.000

900

21,000

300
.200
200

.500
.200
.300
.300
300

.200
.200
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.070
500
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.500
300
.200
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ZEE T T X E X EZEE - A - 4 EEE T =

= Z EXEXE

=z
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« T Z e

]
150.0 ~
100.0 -
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50
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70
10
30

{10
2
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10
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15
15
10
{10
{10

10
10
10
10
{10

10
{10
70
20

{10
10
10
20
30

Methodss As-i, Bi-i. Cd-i. Sb~i, Zn-i. inductivelv

Ba

3,000
1,000
1,000
1,000
,000

1,500
700
200

1.500

1,500

1,000
£,000
2,000
1,000
1,500

1,500
2,000
1,500

700
1,000

1,000
1,000
1,000
2,000

300

1,000
500
1,000
200
1,500

1,000
1,500
2,000
1,500
1,000

1,000
15,000
5,000
%5000

1,000

1,300
150
1,500
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2,000
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Sample

RTRI30AA
RTR130BA
RTR130CA
RTR130DA
RTR130D8

RTR130EA
RTR130EB
RTRIJ0FA
RTR130GA
RTR130HA

RTR130IA
RTR130JA
RTR130KA
RTRI30LA
RTR130MA

RTRI30NA
RTR1300A
RTRI30PA
RTR1300A
RTR130RA

RTR1308A
RTR130TA
RTR130UA
RTR130VA
RTR1J0KA

RTR130XA
RTR130YA
RTR130ZA
RTR106A
825-023

825-044
825-122
825-133
825-135
B25-150

825-382
RT7306A
RT7306BA
RT73068B
RT7307A

RT73084A
RT730%4
RT73098
RT7309C
RT73090

Table B.-~Results of analyses of rock samples callected frow the Ragged Top Hilderness Study Area. Pima County,

Bi

z E ==

= o o= ZE2ax=xzzx EZzEzE T E= ZxZzmE =ZEEXZ = ==z = =

s
—
= o

d

= E X E X - FET T T XE ZraEz T Z T xr ax T T EEEZ mEIEZ X EZEEZ 2T Z

2 = EE X

500

70
N

Co

10

-
L

15
15

{10
<10
<10

10
10
50

q
o

30
50

-
9

70
100
15

3¢

15
100
€10
150

{10
<10
20
15
10

Cr

20
30
13

10
30
15
30
20
g
10
10
&0

15

20
15
10
10
15
10
15
13

<10
{10

30
{10

13

R
30
20
10

<10
<10

1<
v

30
70
70
70

30
30
50
100
30

5
o

50
70
50
15

50
30
30
70
70

70
70
70

100

10
100
30
70
15

70
<3
¢

S0

30
13
50

3,000
200
200
100

Ga

70
50
30
70

-
!

[~
v}

70

=4
]

70

30
70
0
39
50

70
70
100
70
100

-
!

100

100

100

100
100

70

-
v

10
10

-
A

100
30
70
50
30

<30

{50
{50
{50
{50

50

<50
{50
<30
{50
<30

50
{30
50
{50
50

{50

{30

Arizona--Continued

Hn Mo
500 N
700 N
500 N

1,500 N
300 N
70 N
50 N
500 N
50 5
200 {5
300 N
200 N
1,000 3
1,000 N
100 N
150 5
70 ¢
2,000 <5
1,500 N
{,500 N
1,500 N
5,000 5
1,500 <5
300 {5
2,000 N
500 {3
3,000 N
300 )
3,000 N
500 N
700 N
3500 N
500 N
500 N
500 N
300 N
200 N
200 N
1,000 N
10 N
300 N
2,000 150
1,500 5
300 2
3,000 9
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15
15
30
100
100

10
10
15
100
30

30
30
20
30
15

50
300
300
500

N

20
320,000
150
5,000
200

20

10
15
10
{5
30

10

a
&

{3
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300
500
200
300
200

150
100
200
150
100

200
300
200
100
100

150
100
300
500
200

700
500
500
200
150

100
300
100

200

500
150
100
300
200

{100
3.000
»5,000
200
<100
{100

130

100
150
200
150
200

150
200
100
200
200

150
200
150
300
150

200
150
200
200
150

150
150
200

150

50
300
70
500
{00

200
50
20

150

150
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100
150
200
100

70
30
100
130
70
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Table 8.--Results of amalyses of rock samples collected from the Radged Top Wilderness Study Area, Pima County,
Arizona--Continued

Sample Y Zn ir As-1  Bi-i Cd-i Sb-i In-i Au-a  Hg-a  Te-a Tl-a H-¢  F-is
RTRI30AA 10 I - B — — e—— 0] mem e eme e
RTRI0BA 15 <200 100 - --- —_— T T,
RTRI30CA 15 <200 100 — - ——— emm — 004 --- — — _— =
RTR130DA 15 {200 100 e ——— —— - — 002 --- -— — —— e
RTRI30DE 20 {200 200 — = — - — 17T R— — - — amm
RTR130EA 15 N 300 -—- -— —— - -— 002 —-- —— ——— —— e
RTR130EB 10 N 200 -— - — e — 002 - — —— —— m--
RTRI30FA 1§ 200 100 - - e - - 005 --—- — — . amm
RTR130GA 10 N 150 -— -— —— - — 008 - — —— —_— =
RTRI3OHA 135 N 200 - - — - - 002 --- — . —— o=
RTR130IA 10 <200 100 - - —_— Y .
RTR130JA 15 N 300 --- - .. e — 001 -—- - — com ma
RTRIJOKA 20 {200 70 -— - — - -— 1) R— — — .- aem
RTRE30LA 30 N 200 - -~ —— - — 002 --- —— —— — e
RTRI3OMA 20 (T J R — — - — W02 mem e e e amm
RTRI3ONA 20 N 200 -~ -—- — - - 002 --- — — - om=
RTRI300A IS N 200 - -— — ee- — 001 - — — —_— e
RTR130PA 20 N 150 - -— —— - — L0032 --- _— —— c— —=m
RTRI30GA 30 200 150 --= - - - - (001 - -— —— — -
RTR130RA 30 (200 200 - - — - S/} R— — — — a—m
RTR13084 15 {200 100 - - — e -— 001 - —— -— —_— -
RTR130TA 50 N 200 - - —_— e - 000 -—- — —— —— amm
RTRI30UA 15 N 150 --- -— — - — 008 --- -— — — o
RTRIJOVA 30 N 200 - - — - —— {001 & --- - -— —— amm
RTRIZONA 50 200 100 - - — U
RTR130XA 70 N 100 - - — - —— {00 - -— -— —— e
RTRI3OYA 50 200 10— - —_— L0 = e e e amm
RTR130ZA 50 N 200 --- -— ——— e — {4,001 --- — — — ——-
RTRIOEA 70 200 20 - - — — 0 mm e em e m
825-023 N N 100 11 {2 3 23 39 G001 (.02 (.09 & - +03
825-044 10 N 70 {3 2 7 3 37 <001 .04 .05 .40 1.2 .03
828-122 10 N 70 3 ¥ 2 9 19 001 <02 <.05 30 - .02
828-133 13 N 500 6] {2 ] 3 7 <001 O2 05 JO 12 03
B2§~-135 <10 N 100 { { .8 5 94 <.001 02 <05 A5 1S .03
828-150 10 N 150 3 { .7 3 4 001 02 05 .30 9 .03
825-382 10 N 150 {3 2 (.1 Q2 29 €001 (.02 <.05 J0 1.0 (2
RT73064 10 2.000 30 < 2 .8 { 1,400 .005 A2 <05 S0 2.0 1,70
RT7306BA 15 <200 N 12 2 .3 {2 130 .002 02 G050 <05 b0 130
RT7306BB 30 300 30 2 2 6.1 b 370 .007 .08 (.05 25 33 .40
RT73078 N N 20 {3 < .1 {2 3 003 <02 <05 110 3.4 .02
RT7308A N N 50 27 {2 .4 {2 35 15 .02 .55 85 2.2 .02
RT7309A 10 10,000 15 it 2 1,600.0 {2 240,000  --- 290  7.30 B .90
RT73098 10 300 100 17 <2 4.7 3 610 015 02 S5 L0 2.5 .03
RT7309C 10 10,000 100 16 b 33.0 5 6,400 090~ .20 2.00  L.a0 5.4 .04
RT730%D 13 200 100 13 2 3.3 b 580 020~ .02 .10 S0 14 .07
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Sauple

RT7309EA
RT7309E8
RT7309F
RT2309G
RT7310A

RT7310B
RT73L 144
RT73114AB
RT7315A
RT73138

RT7315CA
RT7315CB
RT7316A
RT7324A
RT73248

RT7324CA
RT7324CB
RT7325A
RT7326A

Table B.--Results of amalyses of rock samples collected from the Radged Top Wildernmess Study Area, Pisa County,
Arizona--Cantinued

Latitude

k2
27
27
3227
320

=N R

3227
227
322
227
27

— e 00 O &

kvl
3227
277
3226 1
W1

~ -

32 2 11
32 26 11
3227 6
3227 8

Longitude

111 30
tit 30
111 30
111 30
111 30

o o~ O~ O O~

111 30 8
111 27 26
111 27 26
111 27 56
111 27 56

111 27 56
111 27 5b
111 27 28
111 30 34
111 30 4

111 30 %
111 30 34
11127 30
1127 4

hY
/

0.00
3.00
1.00
.70
.70

- 3

10.00
20.00
20.00
3.00
1.00

1.50
50

.07
.30

.10
.20
1.30
3.00

—_

Hg

— e [
- e w
U © W W

T3 = L) —
- .« o u .
[l ~ 2 — N~ -~

o
« « = -
—— Ld O ~y L

[S IyA )
- =
S O N

19

Na

E L2 E =

= L

{.2
{.2

- aE X 3

Ti

002
150
.700
700
.700

.300
.030
015
.200
300

.200
.200
1,000
100
. 700

020
.100
1,000
050

30.0 ~

X E X

==

<10
10

10
{10
{10

10

15

10
10
<10
€10

{10
{10
(10
{10

Ba

1,500
150
200

2,000
700

500
3,000
150
700
1,500

200
200
500
5,000
5,000

700
1,000
150
150



Sample

RT7309EA
RT7309EB
RT7309F
RT7309G
RT7310A

RT73108
RT7311AA
RT7311AB
RT73154
RT73158

RT7315CA
RT7315CB
RT7316A
RT7328A
RT73248

RT7324CA
RT7324CB
RT23Z5A
RT7326A

Table 8.--Resuits of analyses of rock samples collected From the Ragged Top Wilderness Study Area, Pima County,
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Saapie

RT7309EA
RTI09EB
RTI30%F
RT7309G
RT7310A

RT7310B
RT7311AA
RT7311AB
RT7315A
RT7315B

RT7315CA
RT7315CB
RT7316A
RT7328A
RT73248

RT7324CA
RT7324CB
RT7325R
RT73264

Table 8.--Results of amalyses of rock samples collected from the Ragged Top Wilderness Study Area, Pisa County,
Arizona--Continued
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026 -

380 —
.007
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004
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1.20

.08
(.02
(.02
{.02

.02
.38
2.20
.40
.02

.02
.02

.10

12
.50
.02
02
04
02

2.00
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.05
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.05
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.05
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.05
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GEOLOGICAL SURVEY A

BOX 25046 M.S. 373 —_— =
DENVER FEDERAL CENTER
DENVER. COLORADO 80225

IN REPLY REFER TO:

EXECUTIVE ANNOUNCEMENT David Sawyer (303) 236-1082
Gary Nowlan (303) 236-2492
(303) 236-180G54RCO incorporast

GOLD IN THE SILVER BELL MOUNTAINS, PIMA COUNTY, ARIZONA 0CT 1 G 1g8s

A reconnaissance geochemical survey of the Ragged Top Wilderness Study 5 ,
Area, Pima County, Arizona, by the U.S. Geological Survey (USGS) revealed W Exploration
highly anomalous concentrations of gold in samples of stream sediment
collected from ephemeral streams draining part of the wilderness study area.

The samples also contain highly anomalous concentrations of silver, lead,
vanadium, and barium, and weakly anomalous concentrations of strontium,
molybdenum, copper, zinc, cadmium, and bismuth.

The 4,460-acre Ragged Top Wilderness Study Area is in the northern part
of the Silver Bell Mountains about 35 miles northwest of Tucson, Arizona. The
Bureau of Land Management (BLM) recommended against wilderness status for the
Ragged Top Wilderness Study Area in the Arizona Mohave Draft Wilderness
Environmental Impact Statement, dated June 1987 and it has not been closed to
mining or development. The anomalous samples are generally from an area
adjoining the outer alteration halo of known porphyry copper ore deposits that
have been mined in the Silver Bell mining district. The district has produced
more than 90 million tons of ore since 1885, including more than 1.3 billion
pounds of copper and nearly 6 million ounces of silver, but only 2,200 ounces
of gold. Because only minor amounts of gold have been mined in the past, the
geochemical anomaly may represent a previously unrecognized type of mineral
deposit in the Silver Bell mining district.

Gold contents of anomalous panned-concentrate samples are as high as
150 ppm (equivalent to approximately 0.12 ppm, or 0.0035 oz/ton, in the stream
sediment), and more than three samples in the vicinity have gold contents from
1 to 30 ppm (equivalent to 2-21 ppb in the stream sediment). Bedrock samples
of vein and altered rock material contain as much as 380 ppb gold; several
channel samples at the Ragged Top mine collected and analyzed by the U.S.
Bureau of Mines (USBM) contain as much as 4 ppm gold. Concentrations of the
highly anomalous elements in the nonmagnetic heavy fraction of stream-sediment
concentrates were as high as 1,000 ppm for silver; >50,000 ppm for lead;
15,000 ppm for vanadium; and >10,000 ppm for barium.

The geochemically anomalous zone is located on the southwest side of
Ragged Top, a middle Tertiary (Oligocene) rhyolite lava dome emplaced along a
major west-northwest-trending fault, the Ragged Top fault. Movement on the
Ragged Top-fault was probably strike-slip, and the fault was active between
69 and 25 million years ago. The fault separates two fundamentally different
geologic terranes: Precambrian granite overlain by Tertiary voicanic rocks to
the north, and Late Cretaceous volcanic and sedimentary rocks that accumulated
within a caldera to the south. The porphyry copper deposits of the Silver
Bell mining district formed within granitic intrusions emplaced during the
final stages of the Late Cretaceous caldera volcanism at Silver Bell.



Details of the mineralization are not yet fully known, but at least three
explanations are possibie for the origin of the geochemical anomaly. The
first is that mineralization occurred during the Late Cretaceous, and was
related to the outer precious-metal halo around the Laramide porphyry copper
system. A second explanation is that the mineralization was caused by middle
Tertiary volcanism and structural activity associated with the Ragged Top
rhyolite dome and related north-northwest-striking dikes. The third
possibility is that mineralization was caused by middle Tertiary remobili-
zation and concentration of precious metals deposited by the Late Cretaceous
porphyry copper system. This last interpretation and its implications will be
discussed in a poster session presented by David A. Sawyer and Gary A. Nowlan,
USGS, at the Geological Society of America Annual Meeting in Denver, Colorado
on November 3, 1988. The geochemical signature and geologic setting of the
stream-sediment anomaly are very similar to the Mammoth-St. Anthony vein ore
deposit, adjoining the San Manuel porphyry copper system.

The geochemical survey was undertaken as part of a mineral survey of
pubiic lands administered by BLM. The Federal Land Policy and Management Act
of 1976 (Public Law 94-579) instructed BLM to review all public lands under
its jurisdiction to determine their suitability for wilderness status.

Mineral surveys by the USGS and the USBM were required for areas judged by BLM
to be suitable for possible wilderness status.

The results of the geochemical survey of the Ragged Top Wilderness Study
Area are tabulated in U.S. Geological Survey Open-File Report 88-587, co-
authored by USGS analysts John B. McHugh and John H. Bullock, Jr., and USGS
geologists Gary A. Nowlan and David A. Sawyer. The report, titled "Analytical
Results and Sampie Locality Map for Stream-Sediment, Panned-Concentrate, and
Rock Samples from the Ragged Top Wilderness Study Area, Pima County, Arizona,"
may be examined at U.S. Geological Survey Public Inquiries Offices at the
following addresses:

Room 169 Room 7638

Federal Bldg. Federal Bldg.

1961 Stout St. 300 North Los Angeles St.
Denver, CO 80294 Los Angeles, CA 90012
Room 504 Room 8105

Customs House Federal Building

555 Battery St. 125 South State St.

San Francisco, CA 94111 Salt Lake City, UT 84138

The report can also be purchased from the Books and Open-File Reports Section,
U.S. Geological Survey, Federal Center, Box 25425, Denver, Colo. Prices are
$4.75 for each paper copy and $4.00 for microfiche. Orders must specify the
report number (OFR 88-587) and include checks or money orders payable to the
Department of the Interior, USGS.
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Scientists with the 0.8. Geological Survey, corducting a.gecchemical study
i the Ragged Top Wildemess Study Area of Pima County, Ariz., have diacovered
unusually high concentrations of gold in selected stream sadiments,

After penning, samples of stresm sediments have yielded gold concentrations
ag high as 150 parts per million (pgm}, indicating conocentrations of about 0.12
P, or 0.0035 cunce per tom, in unpenned stream sedirents. Theme and othsr
geochemical data are available in a USG8 report relessed Monday (Oct. 17, 1588).

Gary Nowlan ard David Sawyer, USGE geologists in Denver, Colo., who
conducted the survey, termed the concentrations “highly anamaious.” The gold in
some camplee is in yellow flakes large encugh to be seen in pans, Nowlan said.

Because only minor amounts of gold have been mined from the area, the
detection by the USGS scientists may indicate a previously unrecognized gold
deposit in or near the adjacent Silver Bell Mining District.

ing the relatively high amamts of gold in the sanples are
significantly high concentrations of silver, lead, vanadium and barimm.
Additional exploration will be needad; however,.to confirm the extent 0f any
depoaits of gold.

Sawyer and Nowlan will present a postar sesaion cn the existence and
possible origin of a gold deposit in the Ragged Top area at the Geological
Society of Rmerica's annual meeting Nov. 3 in Denver, Colo.

The 4,460-acre study area in the northam Silver Ball Mountains is sbout 35
miles northwest of Tucson. The concentrations of gold were in stresms near the
mining district. .

The district contains deposite that have produced sore than 50 milllon tona
of mineral ore since 1885, The production has included more than 1.3 billion
pounds of copper and € million ocunces of silver, but just 2,200 ounces of gold.

Tha U.5. Buteau of land Management recommanded in a draft envirommental
inpact statement in 1987 that the Ragged Top study area not be designated a
wildemness area by Congress, and it has not been closed to mining or
development. .

The Federal Land Folicy and Management Act of 1976 instructed the BIM to
review all the lands under its jurisdiction to detemine their suitability for
wilderness designation. This study was one of a series of mineral assessment
surveys required of the USGE and the U.5. Buiremu of Mines in areas pelected by
the EIM as possible wildernese areae.( }

more
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Details of the gecchemical dats and sampling sites and methodology used in
the study were released as USQS Open-File Report 88-587, titled "Analytical
Results and Sample Locality Map for Stresm-Sediment, Panned Concentrate, and

Rock Samples fram the Ragoed Top Wildemesa Study Area, Pime County, Arizona.®
ea arve available at $34.75 on paper or $4 on microfiche from the USGS, Books

Copd.
and OperFPile Reports Section, Box 25425,.Denver; Colo. 80225,
K& RS Y kR

(Note to editors: Review copies of the report are available to news madia
fram the Public Affairs Office, U.8. Geological Survey, 119 National Center,
Raston, Va., 22092, telephons 703-648-4460: or from the Public Affairs
office, U.S. Gealogical Survey, 345 Middlefield Road, Menlo Park, Calif.

94025, telephone 415-329-4000).
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ph. 466-51I3

Rrreons oF ) 7 ,.0d/
- Sec. 30,3/, 32% cfekd by

To: Mr. Sell
re: possible exploration

2lhone catd ~ ;é;ZhV 2/5
Dear sir: Freom Cennroy.
This {s a brief prospect ¥y of the surface on the area’
discussed by phone Feb I, firstly, I realize that it would seem unlikely /Q‘;uu

that any mineralized area in southern Arizona would not have been thoroughly 240"
prospected by mining/exploration companies or in part be noticed and cited : 44
by U,S. geog. survey teams that mapped the area, yet I feel this property
was overlooked,

The rocks of the area are monzonite/diorite porphyries with quartz
in excess (quartz monzonite/diorite), these rocks were in turn intruded by
diabase dikes of irregular form, Limestone is scarce, some conglomerate beds
were formed and cemented mostly by carbonates so little replacement is not- .
iced on veins in this area,

What attracted me to this area was a iron stained leached outcrop which app=
eared to be a fissure vein, faulting was evident as seen by slickensided
quartz and the gliding plane down the fissures strike, there are no apparent
walls on the surface. Specularite and epidote are seen as contact minerals,
in places specularite floods the rock, copper stained barite with fluorite
are also found in places, hematite and other iron oxides are abundant on and
near this outcropping, although no carbonate veins are seen on the surface
it appears that siderate veinlets were converted to iron as witnessed in
other velns near this outcrop, in some places a greenish yellow clay appears,
L’Slf this-materfal showed .25 cu., and .00 au. on assay. The length of this vein
AV 1is 2000 ft. and 75 ft. in width, This outcrop may have been superficially
¥ .o explored before, some shallow holes are noticed along the outcrop, perhaps
irtyﬁ?% X _the low au, value discouraged further work, in checking with the state land
£f$2yr‘froffice and pinal co. records no claims were ever recorded in this area,
sﬁ JAWYI filed permits to explore this outcrop, but decided that after a year of
exploring that the outcropping was to lean of au. and to small to persue
as a copper prospect. Last year I started searching away from the vein, in
following a diabase dike«I:wsprisegrised at the amount of the oxidized vein-
~lets that ran from the dike laterally into the porphyry, in tracing these
veinlets they showed to be siderate veins converted to iron, this dike was
abruptly sheared between two small hills with diabase going in all directiouns,
I followed a vein of rhodocrosite and found apple green copper stained quartz
diorite going up one small hill, this rock showed disseminated blebs of cop-
per material, but in places relic chalcopyrite had not yet fully oxidized,
I found more greenish iron stained clay at the base of the hill, the porphyry
here was almost as altered as the vein I described earlier. : '
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The big difference was the amount, this stained porphyry was bedded with no
"hills or rolling plaim, I spent 3 months exploring this mineralized land,
"the porphyry was colored with subtle shades of brown,yellow and red, I found
large kaolin blankets, anhydrite veius and in places more apple green porphyry,
ecaltite and quartz veins also run through this rock, aplite veins with a sugary
texture are common., I realfized that I was'nt looking at 2 or more deposits, but
- one large mineralized deposit with a somewhat enriched peripheral zone, because
“of alluvium I cannot give an accurate measure of the size, but a mile square
.+ would not to far off. . o o
'-%'As you can see I've painted a pretty picture, but the reality is that I don't

. . know whats under this rock. It would be impractable if not futile for me to
“.vexplore this area on my own, my knowledge {s limited to basic prospecting, and
... my finances are limited to basic beer drinking, I believe this area warrants

" exploration on a different level than I'm able to give. If you or your company

' would like to examine this area please contact me,

fE

—

Thank you,
yours truly,
Tim Conroy
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Wo Mineral Beneficiation Department

September 9, 1988

Mr. J. D. Sell, Manager
Southwestern Exploration Dept.
TUCSON OFFICE

The sample splitter in use at Silver Bell for samples from the current
drilling program is in poor condition, resulting in loss of material
during splitting. For this reason, I looked for another splitter of about
the same size at the Ventura Warehouse. I found a suitable one
(approx. 10"x18"x1" riffle spacing) and borrowed the splitter and stand
for use at Silver Bell during the duration of the drilling program.
Mr. Kreis advised that this splitter should not be needed in the near
future. There are also several others of about the same size on hand
in the warehouse.

T. D. Henderson, Jr.

TDH:brw

ce: D. C. Duncan
H. G. Kreis
DEC/File - SB 2.18

NRCO Incerperaieu
SEP G 1988
SM Exploratian
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mo Southwestern Exploration Division

October 26, 1988

F. T. Graybeal
New York Office

Gold Anomalies
Ragged Top WSA
Pima County, AZ

You may have seen/heard of the Silver Bell gold rush -- or the gold
rush that never happened -- and | now submit Mr. Miller's assessment
and the OFR 88-587 for your files.

Perhaps it can be summed up by saying: ''One anomalous gold value in a
panned concentrate does not make a project."

However, as you note, Mr. Miller did collect a few more samples which
he will report on later.

Sawyer and Nowlan will also present this and additional data at a
poster session at the Denver GSA meeting next week.

JDS:mek /James D. Sell
Att.

cc: W.L. Kurtz



Southwestern Exploration Division

January 11, 1988

W. D. Gay

Silver Bell Mine Area
Ragged Top WSA
Pima County, Arizona

Per your request | have looked at the "expanded version'' of the Ragged
Top WSA. As one can see from the attached map, the expanded WSA
encroaches on the Silver Bell Mine area. From a mining point of view
this encroachment might limit expansion at the Silver Bell Mine and
especially with regard to the North Silver Bell deposit (as yet un-
developed), and from a wilderness point of view this expansion of the
WSA would impact on the wilderness experience; that being an operating
mine within sight of the WSA. Reference is made to MLA 80-87 '"Mineral
Investigation of the Ragged Top WSA (AZ 20-197) Pima Co., AZ.'" The
author states in the report that within the WSA at the Ragged Top Mine
the alteration seen there is consistent with being in the outside
alteration zone of a large porphyry Cu orebody.

This observation suggests that the entire WSA may have mineral potentiatl.

MAM:mek Mark A. Miller
Att.
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Mineral Land Assessment
Open File Report/1987

Mineral Investigation of the Ragged Top

- Wilderness Study Area (AZ-020-197),

Pima County, Arizona

| Ragged Top

Q

Wilderness Study Area

ARIZONA

BUREAU OF MINES
UNITED STATES DEPARTMENT OF THE INTERIOR
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MINERAL INVESTIGATION OF THE RAGGED TOP WILDERNESS STUDY
AREA (AZ-020-197), PIMA COUNTY, ARIZONA

by

Terry J. Kreidier

MLA 80-87
1987

Intermountain Field Operations Center
Denver, Colorado

UNITED STATES DEPARTMENT OF THE INTERIOR
Donald P. Hodel, Secretary

BUREAU OF MINES
David S. Brown, Acting Director



United States Department of the Interior
BUREAU OF MINES

P. O. BOX 25086
BUILDING 20, DENVER FEDERAL CENTER
DENVER, COLORADO 80225

Intermountain Field Operations Center

December 17, 1987

L

- Mr. S. A. Anzalone
. Asarco, Inc.
. P.0. Box 5747
- Tucson, Arizona 85703

Dear Mr. Anzalone:

= .- Enclosed is one copy of the following U.S. Bureau of Mines Open-File Report
. ..you requested:

o . MLA 80-87 MINERAL INVESTIGATION OF THE RAGGED TOP WILDERNESS STUDY AREA
’ (AZ-020-197), PIMA COUNTY, ARIZONA '

Sincerely,

Terry 3. Kreidler
Physical Scientist

;‘;Enclbsure(s)
~cc: Project File

TUCSON
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PREFACE
The Federal Land Policy and Management Act of 1976 (Public Law 94-579)
requires the U.S. Geological Survey and the U.S. Bureau of Mines to conduct
mineral ;hrveys on certain areas to determine the mineral values, if any, that
may be’present. Results must be made aQai]ab]e to the public anﬁ be submitted
to the President and the Congress. This report presents the results of a

mineral survey of the Ragged Top Wilderness Study Area (AZ-020-197), Pima

County, Arizona.

This open-file report summarizes the results of a
Bureau of Mines wilderness study. The report is
preliminary and has not been edited or reviewed
for conformity with the Bureau of Mines editorial
standards. This study was conducted by personnel
from the Branch of Mineral Land Assessment (MLA),
Intermountain Field Operations Center, P.0 Box
25086, Denver Federal Center, Denver, CO B80225.



[ STy Qomiiticitest
. «
, .

CONTENTS

Geographic and geologic setting.. ...t iiiinienrenenns
Previous work......coovenienennd e

Methods of investigation.................... ;.............L..;......
Mining and 1easiﬁg At ivitY. e i e
Appraisal of sites examined. .. ... ... ...ttt areancaroancassanes
Ragged Top MiNE. ... iniotiines it ettt ureaseeinonaensosasannsnans
Barite prospects............ e aeenae e I

Other prospects........... et e e e ettt ittt

O TUSTOMS e s ittt et eseaeenasosseosoaseaseoananessenasesetosnensssssaasnsson

RO B B MBS s i it et i e vsssseosacaseesseoasacesasenesesensnsaessnsenssnsonnssns

ILLUSTRATIONS

Plate 1. Mine and prospect map of the Ragged Top Wilderness Study
Area, Pima County, Arizona........oceirininmoaaiisnnnannannns

Figure 1. 1Index map of the Ragged Top Wilderness Study Area, Pima

County, ArTZoNa...vuee s inieeeeereesecnenaseancsnsnnacnannans
2. Map of the Ragged Top Mine. ... ...ttt irenerocscnnnnns
TABLES
Table 1. Data for samples from the Ragged Top Mine.......coneuvnnoo..
2. Data for samples 1, 2, and 19~24. . . . ... iennsonnaens
ii



lj " 3 . ¥

LIST OF ABBREVIATIONS USED IN THIS REPORT

o

ft
in.
1b
mi

0z

Ppb

ppm .

degree

foot

inch

pound

mile

ounce

part per billion
part per million

percent




Boiig) b ey

M
(]

Rt s

i
{

MINERAL INVESTIGATION OF THE RAGGED TOP WILDERNESS STUDY
AREA (AZ-020-197), PIMA COUNTY, ARIZONA

by
Terry‘J. Kreidler, Bureau of Mines
SUMMARY
In accordance with the Feder&i tand Policy and Mahagement Act of 1976,
and at the request of the Bureau of Land Management, the Bureau of Mines

conducted a mineral investigation in May 1987 to appraise the mineral

_ resources of the 4,460-acre Ragged Top Wilderness Study Area.

No mineral resources were identified in the wilderness study area. Base-

and precious-metal anomalies_ and enrichment in arsenic and barium in samples

from in and near the study area are related to alteration halos surrounding

- the porphyry copper deposits at the Silver Bell Mine to the south and west. A

barite occurrence in the southwestern part is not now or in the foreseeabie
future of commercial interest:
INTRODUCTION

In May 1987 the Bureau of Mines, in a cooperative program with the U.S.
Geological Survey (USGS), conducted a mineral investigation of the 4,460-acre
Ragged Top Wilderness Study Area (WSA), Pima County, Arizona, on lands
administered by the Bureau of Land‘Management'(BLM). The Bureau surveys and
studies mines, prospects, and mineralized areas to appraise reserves and
identified subeconomic resources. The USGS assesses the potential for
undiscovered mineral resources based on regional geological, geochemical, and
géophysica] surveys. The USGS will open file the results of its report
separately. A joint report, to be published by the USGS, will 1integrate and
summarize the results of both surveys. This report presents the results of

the Bureau's study, which was completed prior to the USGS investigation.
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Geographic and geologic setting
The Ragged Top WSA is on the northeast side of the Silver Bell Mountains,
about 3 mi northeast of the Silver Bell Mine, a porphyry copper deposit. The
WSA is ab;ut 40 mi west of Tucson, AZ, and about 28 mi south of Casa Grande,
AZ. Access is via the Silver Bell Road from Interstate Highway 10 (fig. 1).
Topography 1in the northern and eastern parts of the WSA is desert

pediment, a rolling alluvial plain of Tow relief. The southeastern part is

_marked by the Ragged Top, a steep-sloped, jutting outcrop of high relief.

Elevations range from 3,907 ft on Ragged Top to about 2,140 ft at the

 northwestern corner. The climate, typical of the Sonoran desert, is very hot

and dry (about 8 in. of precipitation a year); vegetation is mostly cactus and

.desert brush.

The Silver Bell Mountains, a small, northwest—trending_range in the Basin
and Range physiographic province, comprise a complexly folded and faulted
series of 1igneous, metamorphic, and sedimentafy rocks ranging in age from
Precambrian to Quaternary. Copper-lead-zinc-silver deposits occur in a
relatively narrow band along the séuthwest flank of the range. Here, a thick
sequence of Paleozoic- and Mesozoic-age clastic and carbonate sediments have
been deformed and intruQed by. a series of minera]iiing Laramide- and
Tertiary-age stocks, dikes, and sills. (See Keith, 1974, p. 44-45.)

Ragged Top is an erosional remnant of Tertiary rhyolite, perhaps a

~valcanic plug or subvolcanic stock. Other rocks in -the WSA include

Precambrian granitics, mid-Tertiary sediments, and Laramide and Tertiary
volcanics of intermediate composition. A northeast-trending fault cuts

through the center of the WSA. (See Cruver and others, 1982, p. 98.)
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Figure 1.--Index map of the Ragged Top Wilderness Study Area, Pima County, Arizona.
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Previous work

Previous geologic investigations in the Silver Bell Mountains centered on
the copper deposits on the southwest flank. Stewart (1912) did the first
comprEhen;ive studies of the Silver Bell mining district. Richard and
Courtright (1966) studied the structure and mineralization of both the Oxide
and E1 Tiro porphyry deposits that make up the Silver Bell Mine; Graybeal
(1982) discussed the geology of the E1 Tiro deposit. The only known previous
study of.the WSA is the geology, energy, and minerals (GEM) report on the area
by Cruver and others (1982) done under contract for the BLM.

Methods of investigation

Bureau personnel reviéwed sources of minerals information including
published and unpublished literature, Bureau files, and mining claim and oil
and gas lease records at the ELM State Office in Phoenix. Discussions on the
mineral occurrences in the study area were held with BLM personnel at the
Phoenix District Office.

Field work, completed in eight employee-days, consisted of mapping -and
sampling mines and prospects. Twenty-four samples were.taken, 16 from the
Ragged Top Mine and 8 from prospects, 4 inside and 4 outside the WSA. All
samples were analyzed for gold, silver, and 32 other elements by neutron
activation; 4 for copper,'1ead, zinc, manganeée, molybdenum, and silver by
direct coupled plasma emission spectroscopy; and 20 for copper, lead, and zinc
by wet chemistry and atomic absorption. ‘Analyses were done by Bondar-Clegg,
Lakewood, CO. Complete analytical data are available for inspection at the
U.S. Bureau of Mines, Intermountain Field Operations Center, Building 20,

Denver Federal Center, Denver, CO.
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Mining and leasing activity
The nearest mining district to the study area is the Silver Bell, about 1
mi south and west (pl. 1)}. The first production from the district came in
1865 whé; oxidized copper ores containing minor lead-silver concentrations

were mined at the Boot Mine -from replacement deposits in garnetized

" 1imestone. By 1909 the economic possibilities of low-grade disseminated

copper 1in igneous rocks were recognized, and over the next three years,
extensive churn drilling partially delineated the Oxide and E1 firo ore bodies
of the Si1vér Bell Mine, which at that time were subeconomic. However,
production from vein and replacement ore bodies similar to those at the Boot
Mine continued intermittent}y until 1930. Asarco began further exp]oratian’
drilling on the Silver Bell porphyry copper deposits in 1948 and productidn in
1954. (See Richard and Courtright, 1966, p. 157.) The mine has been on
standby since 1984; the only prpduction since then has been from precipitate
recovery (Asarco annual report, 1986). Total production from the district,
1885-1981, amounts to 1.3 billion 1bs of copper; about 50 million 1bs of lead,
zinc, and molybdenum combined; about & million oz of silver; and about 2,000
oz of gold (Keith and others, 1983, p. 48). Recently, Asarco drilled out
another porphyry copper body, the North Silver Bell deposit, in sec. 33, T. 11
s., R. 8 E, less than 1 mi southwest of the WSA. The company has plans for
future development of the deposit pending further increases in the price of
copper (S. A. Anzalone, Asarco, Inc., Tucson, AZ, written commun., 1987).
Within the WSA, l1ittle mining activity has taken place. Of a block of
mining claims covering the Ragged Top Mine area, 21 lie wholly or partly in

the WSA (pl. 1). The history of the mine is not known beyond the fact that it

was previously known as the franco Rigqueza Claims and reportedly produced some
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copper-lead-zinc ore (Cruver and others, 1982, p. 98). South of the Ragged
Top Mine are two barite prospecfs. one pit, and one shallow shaft; it is
unlikely there was any production.

Ther; are no oil and gas leases in the vicinity of the wilderness study
area. Ryder (1983) rated the petroleum potential of the study area as zero
because it is in a region intruded by Mesozoic- and Tertiary—age igneous rocks.

APPRAISAL OF SITES EXAMINED

Sites examined include the Ragged Top Mine, two barite prospects, and

five other prospect pits. Geochemical anomalies in the samples from these

sites indicate that the southwestern part of the WSA is in the outer part of

the propylitic alteration zone surrounding the three ore bodies of the Silver
Bell Mine.
Ragged Top Mine

The Ragged Top Mine is in the "cherry stem" on the western boundary of
the WSA, in secs. 23 and 26, T. 11 S., R. 8 E., and can be reached by way of a
four-wheel-drive road from the Silver Bell Road (pl. 1). Workings consist of
two adits, and a shallow prospect shaft. The upper  adit, 95 ft long, was
driven along a mineralized zone and ends in a partially collapsed and filled
winze, now only 30 ft deep. The lower adit, about 500 ft long and 67.5 ft
below the upper adit, isl a crosscut that intersects the mineralized zone
approximately 300 ft from the portal (fig. 2). Sixteen samples were taken in
the mine, all but two (fig. 2, no. 17 and 18) from the mineralized zone.

An alteration zone surrounds the deposit, exténding over an area apout
200 ft in diameter. Observed from a distance, this zone appears yellowish-
orange, a color due in large part to altered and weathered sulfides,

particularly pyrite.
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Sphalerite, galena, and minor amounts of chalcopyrite occur in the
mineralized zone as small irregular-shaped pods and veinlets filling fractures
in a weathered and altered granodiorite porphyry. A select sample of sulfides
was takéﬁ from several veinlets and pods in both levels to ascertain the
base-metal content of the ore minerals; it contained 29% zinc, 15.3% lead, and
1.56% copper {(table 1, no. 3). However, the average metal content (0.95%

lead, 0.82% zinc, and 0.24% copper) of the remaining 13 samples from the

Table 1.--Data for samples from the Ragged Top Mine, Ragged Top
Wilderness Study Area, Pima County, Arizona.

[Gold (Au), silver (Ag), barium (Ba) and arsenic (As) determined
by neutron activation, detection 1imits 5 ppb, 5 ppm, 100 ppm,
‘and 1 ppm respectively; copper (Cu), lead (Pb), and zinc (Zn)
determined by wet chemistry and atomic absorption, detection

Timits 0.01%; symbols used: --—, not detected.]
Sample _
Length Au Ag Cu Pb in Ba As
No. (in.) ppb ppm percent ppm
3 select 58 8 1.56 15.3 29.0 760 20
Mineralized zone o
4 45 66 7 .08 .21 .49 820 34
5 62 24 —_— .01 .05 .08 1100 24
) 55 35 1 . .01 .14 890 33
7 44 15 25 .13 1.12 1.39 250 28
8 42 4050 190 1.37 4.42 .98 390 35
9 45 70 - —-— - - 850 39
10 38 84 10 .20 .56 .59 700 34
1 48 3660 140 .69 2.32 2.70 — 33
12 30 597 36 .21 .41 1.06 380 4
13 33 240 5 .19 3.15 1.65 6500 39
14 54 42170 240 .04 .26 .22 -— 29
15 52 140 10 .06 .85 .83 300 33
16 42 170 12 .16 .61 .58 850 38
Nonmineralized zone
17 317 64 - - - .01 1100 38
18 39 1 - .01 - .0l 880 8
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mineralized zone (table 1, no. 4-16) shows the sparse concentration of the

- metals in the rock, even though lead and zinc contents are locally high enough

to be of possible economic interest (table 1).

of Ehe 13 samples from the mineralized zone (table 1, “no. 4-16); 3
cbntain concentrations of gold and-silver far above the average for the other
samples (nos. 8, 11, and 14). The average gold content of the 10 low-gold
samples is 141.7 ppb; the 3 anomalous samples averaged nearly 4,000 ppb. The
average silver content in the 10 Tlow-silver samples is 11.8 ppm; the 3
anomalous sahp]es average 190 ppm. Several samples have greater than 1%
copper, lead, and zinc. There is no apparent correlation between
precious-metal content and H;se—meta1 content.

Arsenic and barium are both highly mobile in a mineralizing environment,
forming halos around deposits, and are often used as a geochemical-prospecting
tool to locate deposits of base and precious metals. All 16 samples from the

Ragged Top Mine have higher than average arsenic content, and ten samples,

" dncluding the two from the nonmineralized zone, have higher than average

barium content. The average content for an igneous. rock of intermediate
composition is 2 ppm arsenic and 500 ppm barium (Levinson._]gao. p. B865).

The erratic nature and small exposed size of this occurrence precludes
the ijdentification of a base- or precious-metal resource at the Ragged Top
Mine. However, the nature of the occurrence is consistentiwith being in the
propylitic alteration zone of a large porphyry copper ore body.

Barite prospects
Two barite prospects are in the WSA (sec. 27, T. 11 S., R. 8 E.)
approximately 2,500 ft west southwest of the Ragged Top Mine, (pl. 1, nos.

19-21).



i, hcdy s

R

B hid bt B, el

The northernmost working (pl. 1, no. 19, 20); a partially collapsed shaft

about 30 ft deep, was sunk on a 4.5-ft-wide, vuggy quartz vein. The vein

strikes @. 15-20° E., dips vertically, and contains pods of barite. The
barite po&s vary in size from a few inches to about 1.5 ft. Other minerals
observed in the vein are pyrite, hematite, and limonite. The vein can be
traced on the surface for about 20 ft before it disappears beneath the
alluvium. A select samp]e'of barite podﬁ contained 48.6% barium, equivalent
to 82.6% barite, (table 2, no. 20); a grab sample of dump material, primarily
vein quartz, contained 5,100 ppm barium (0.86% barite), less than 36 ppb gold,
and less than 5 ppm silver (table 2, no. 19).

The second working is a prospect pit kp1. 1, no. 21) about 700 ft
southwest of the shaft on a quartz-barite vein 2-6 ft wide. A]though
untraceable on the surface, it appears to be an extension of the vein exposed
at the shaft. The strike of the vein is N. 21°® E. and it dips vertically.
Unlike the vein at the shaft, the quartz and barite here are more
homogeneous. A sample of the vein contained 4.8% barium (8.2% barite) (table
2, no. 21).

No barite resource was identified. The lowest commercial grade in use
today s 92% BaSD4 (equivalent to a specific gravity of 4.2) for use in
driiling fluids, other uses require grades between 96% and 98% (Brobst, 1983,
p. 486, 49b6). Barite exposed in the prospect pit is of too low a grade to be
commercially of interest. Selective mining, of the vein and hand sorting of

the barite pods at the shaft would yield a concentrate containing about 80%
BaSD4, requiring further beneficiation to bring it up to minimum commercial
grade. Even so, the exposure at this site is limited and the extent of the

pod-bearing part of the vein is not known. A drilling program would be

10
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required to evaluate the extent and grade of barite mineralization, but the
mast crucial factor in any future development of this vein would be in
establishing a local market for the final product. This seems unlikely as
barite héé not been mined in Arizona for several years, and as of September
1987, all domestic barite production comes from bedded and residual deposits;
none is mined from veins (S. G. Ampian, U.S. Bureau of Mines, 1987, personal

commun.).

Table 2.--Data for samples 1, 2, and 19-24 from the Ragged Top
Wilderness Study Area, Pima County, Arizona.

[Gold (Au), silver (Ag), and barium (Ba) determined by
neutron activation, detection limits 5 ppb, 5 ppm, and 100
ppm respectively; copper (Cu), lead (Pb), zinc (Zn), and
manganese (Mn) determined by wet chemistry and atomic
absorption, detection 1imits 0.01%; symbols used: na, not
analyzed; ---, not detected; >, greater than. Ba in ppm
unless otherwise noted.]

Sample . .

Length Au Ag Cu Pb In Mn Ba As

No. (in.) ppb ppm percent pbm
1. grab —-—— = na na na . 21.5 >3% 489
2 26 - —— 0.14 0.02 0.01 .3 1,100 71
19 grab - 9 - ] .02 na 5,100 .21
20 select —_—— - na na na na 48.6% 45
21 35 — - na na na na 4. 8% 16
22 21 170 B3 1.3 4.2 3.1 na 1,400 10
23 55 220 - .02 .23 .26 na 3,200 -
24 42 4 280 1.8 3.3 4.5 . na 1,800 -—

This localized enrichment in barium may be related to the mineralizing

system responsible for the mineral occurrences at the Ragged Top Mine.

11
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Other prospects

Two prospect pits were found outside the northwestern tip of the WSA (pl.

1, nos. 1, 2). At locality 1, a manganese mineral covered the dump of a small
pit dug in an intermediate volcanic rock. None was seen in place; however,

indicating the manganese probably ‘occurred in an isolated pod. A sample from

the dump contained 27.5% manganese and greater than 3% barium (table 2, no.

1). No resource is indicated.

The second pit was dug in an altered volcanic rock of intermediate
composition laced with thin veinlets of quartz or calcite, buf'no sulfides. A
chip sample from the pit did not contain any appreciable metal concentrations
(table 2, no. 2). .

Three prospect pits are near the southwestern corner of the area. The
northernmost pit (pl. 1, no. 22) is in highly altered granodiorite porphyry.
Malachite and azurite coat fractures and the rock is heavily iron stained. No
structure is apparent, and no sulfide minerals were seen. A chip sample from
the pit contained relatively high concentrations of copper (1.3%), lead
(4.2%), and zinc (3.1%) (table 2, no. 22).

The remaining two prospects are along the southern boundary, one inside
and one outside the WSA (pl. 1, no. 23, 24). Both are pits in an altered,

highly fractured volcanic rock of intermediate composition. At locality 23,

inside the WSA, fracture surfaces are stained by iron oxide; at locality 24,

malachite and azurite as well as a black, amorphous mineral, possibly an

oxidized copper mineral, were also observed. Sample 23 did not contain any
metal concentrations of interest. Sample 24, however, contained
concentrations of copper (1.8%), lead (3.3%), and zinc (4.5%) similar to

sample 22 (table 2). No resources were identified.

12
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Samples 22-24 contained an average of 141 ppb gold, and samples 22 and 24
contained 63 and 280 ppm silver, respectively.

A1l samples from the prospects discussed in this section contained
anoma]oué'amounts of barium and all but two (no. 23, 24) contained anomalous
arsenic.

CONCLUSIONS

No mineral resources were identified in the Ragged Top Wilderness Study

Area.

The geochemical anomalies 1in the samples from this study area are
consistent with those found in fhe propylitic alteration zone surrounding a
large porphyry copper systeﬁ. Since the mineralized area is within a mile of
the North Silver Bell porphyry copper deposit, the alteration is most likely
related to that mineralizing system. .

The barite-bearing quartz vein is not at this time or in the foreseeable

future of commercial value.

13
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mo Southwestern Exploration Division

October 26, 1988

F. T. Graybeal
New York Office

Gold Anomalies
Ragged Top WSA
Pima County, AZ

You may have seen/heard of the Silver Bell gold rush -~ or the gold
rush that never happened -~ and | now submit Mr. Miller's assessment
and the OFR 88-587 for your files.

Perhaps it can be summed up by saying: ''One anomalous gold value in a
panned concentrate does not make a project.'

However, as you note, Mr. Miller did collect a few more samples which
he will report on later.

Sawyer and Nowlan will also present this and additional data at a
poster session at the Denver GSA meeting next week.,

P ZTZZiZELZJ’

James D. Sell

JDS :mek
Att.

cc: W.L. Kurtz
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mo Southwestern Exploration Division

October 26, 1988

J. D. Sell

Gold Anomalies
Ragged Top WSA
Pima County, AZ

A newly released USGS Open File Report #88-587 has indicated anomalous
amounts of gold in pan concentrates and rock chip samples within the
Ragged Top WSA. The inference from discussion with the USGS is that
gold mineralization may be associated with the formation and collapse
of a cauldera during Late Cretaceous time along the trace of the

Ragged Top Fault. | cannot refute this model; however,

the trace elements' signature (lack of As, Sb, Hg) etc. does not suggest
an epithermal system at work. The best values obtained from an
argillically altered granodiorite was 9 ppb with no trace element
determination. The highest rock chip gold values were obtained in a
Pb, Zn vein ~6'" thick, hosted in an altered granodiorite. The highest
pan concentrate values (150 ppm Au) were obtained from a major drainage
downstream from the Pb, Zn vein. Additional samples were taken along

the vein structure and at the high pan concentrate site, and results are
pending.

Public interest in the area has been slight since the article in the
local newspaper (attached). If there is any significant impact at all,
I think that it would be a reassessment of the wilderness designation of
the area; but the implied gold potential does not appear to be very
favorable.

MAM: mek Mark A. Miller



Table 1.--Descriptions of analyzed rock samples from
the Ragged Top Wilderness Study Area,

Pima County, Arizona. ., A
C ppw ’
Sample Description
RTR130AA Granodiorite porphyry <.e</, &
RTR1308BA Granodiorite porphyry <.o=, »7
RTR130CA Granodiorite porphyry, slightly altered . vo<c 4
RTR130DA Granodiorite porphyry, slightly altered .coy
RTR1300B Granodiorite porphyry, altered .cc+, @~
RTR130EA Granodiorite porphyry, altered -eeax, <
RTR130EB Granodiorite porphyry, altered -==+,~
RTR130FA Granodiorite porphyry, altered -2« s .5
RTR130GA Granodiorite porphyry, highly altered, brecciated.c-s .o
RTR130HA Granodiorite porphyry, highly altered, brecciated ‘ecz, ~
RTR1301A Granodiorite porphyry, highly altered, brecciated .ce(,
RTR130JA Granodiorite porphyry, highly altered, brecciated :e-« v
RTR130KA Granodiorite porphyry, highly altered, .evv .
RTR130LA Fine grained rock, highly altered -ce+,~ :
RTR130MA Granodiorite porphyry, altered .coz, 4
RTR130KA ‘Potassium-rich rock.se,
RTR1300A - Potassium-rich rock -wes, »
RTR130PA Granodiorite porphyry, slightly altered < -3 ~
RTR130QA Granodiorite porphyry, slightly altered < e-/ .«
RTR130RA Granodiorite porphyry, slightly altered <-¢¢/, ~
RTR130SA Granodiorite porphyry <.cer, ~
RTR130TA Granodiorite porphyry, slightly altered 'e=.~
RTR130UA Granodiorite porphyry, slightly altered .ev.~.
RTR130VA Granodiorite porphyry <.ce/, o
- RTR130WA Diabase <.ser 4
RTR130XA Oracle-type granite <-ecc; 4
~ RTR130YA Diabase < .ear
RTR130ZA Oracle-type granite <-:es«/
RTR106A Oracle-type granite from shear zone-.eos, +
825-023 Granodiorite porphyry <.vo,,.
825-044 Granodiorite porphyry <.cos,a
825-122 Lithic tuff < oo
825-133 Rhyolite welded tuff <.co, 4
825-135 Rhyodacite porphyry «:ec,w
825-150 Rhyodacite porphyry <.co., ~
825-382 Rhyolite <-.ecs o/
RT7306A Barite-fluorite vein - cegous
=% RT7306BA Barite vein reeo~, <«
*, RT73068B Altered wall rock by barite vein:-o=
= RT7307A Granodiorite porphyry, altered .poz..<.s
¢ RT7308A Granodiorite porphyry, altered .o/s— -5
: -RT7309A Sulfide minerals and calcite ~ .-, /50
' RT73098 Granodiorite porphyry with sulfide minerals ./ 37 220
-,__i-_;RT73QQC Granodiorite porphyry with sulfide minerals .caq26.0

i -RT7309D Dolomite (?) vein with sulfide minerals -o2.s°0
T RT7309EA Rhodochrosite (?) vein with sulfide minerals .os. ¢e

¢ RI7309E8 Granodiorite porphyry with rhodochrosite (?) .o, s
: and sulfide minerals
" RT7309F Granodiorite porphyry with sulfide minerals .ocoo,<s
* RT7309G Granodiorite porphyry with sulfide minerals .cos, <.s
. RT7310A Granodiorite porphyry :eozc , ss

RT73108 Granodiorite porphyry with calcite and sulfide ~sg 30

minerals ’

RT7311AA Quartz vein.vez,~

RT7311AB Quartz vein .oae~

RT7315A Quartz vein .eoz o

RT73158 Quartz vein <.oes, +’

RT7315CA Quartz vein .oex, 4"

RT7315C8 Altered granite of> 2.5

RT7316A Diabase . ecs, n

RT7324A Barite vein.o=>,z

RT73248 Barite vein .e2>_ 3z

RT7324CA Quartz vein .oz/

RT7324C8 Quartz vein .~ 2

RT7325A Quartz vein :eed v

RT7326A Quartz vein with sulfide minerals . coz, »

m p———————— e 4
A v
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STUDIES RELATED TO WILDERNESS
Bureau of Land Management Wilderness Study Areas

The Federal Land Policy and Management Act (Public Law 94-579,
October 21, 1976) requires the U.S. Geological Survey and the U.S. Bureau of
Mines to conduct mineral surveys on certain areas to determine their mineral
values, if any. Results must be made available to the public and be submitted
to the President and the Congress. This report presents the results of a

geochemical survey of the Ragged Top Wilderness Study Area (AZ-020-197), Pima
County, Arizona.

INTRODUCTION

In March 1987, the U.S. Geological Survey conducted a reconnaissance
geochemical survey of the Ragged Top Wilderness Study Area, Pima County,
Arizona. Additional samples were collected in December 1987. The wilderness
study area and nearby sampied terrain are termed the “study area." 2

The Ragged Top Wilderness Study Area comprises 4,460 acres (about 7 mi<¢)
in the north central part of Pima County, Arizona, and lies about 35 mi
northwest of Tucson, Arizona (see fig. 1). Access to the study area is
provided by the Silver Bell, Avra Valley, and Red Rock roads.

Topography of the study area is dominated by the rugged mass of Ragged
Top Peak, elevation 3,907 ft, and a shorter subsidiary peak called Wolcott
Peak which rise abruptly to a maximum of 1,700 ft above the surrounding
bajada. The two peaks, which are collectively known as Ragged Top, are the
northeastern peaks of the Silver Bell Mountains. Ragged Top is separated from
the main mass of the Silver Bell Mountains by a mile-wide valley.

Vegetation is characteristic of the Sonoran Desert. Common species
include saguaro and other cacti, paloverde, acacia, ironwood, mesquite, and
creosote bush.

The southwest part of the study area lies within the Silver Bell mining
district (Richard and Courtright, 1966; Graybeal, 1982). The first recorded
mining activity in the district was in 1865 about 2 miles south-southwest of
the wilderness study area; silver and copper were recovered from skarn.
Exploitation of porphyry copper deposits at the E1 Tiro and Oxide pits began
in 1954 and continued until 1985. The E1 Tiro pit is about 2 miles southwest
of the wilderness study area and the Oxide pit is about 3 miles south. A
third, unexploited, porphyry copper deposit, the North Silver Bell deposit,
lies about 1 mile from the southwest corner of the wilderness study area.
Production from the E1 Tiro and Oxide deposits from 1954 to 1977 totaled
75,655,000 tons averaging 0.80 percent copper, 0.07 oz/ton silver, and 0.022
percent molybdenum sulfide (Graybeal, 1982). Copper has been the predominant
commodity produced in the Silver Bell district but two mines about 2 miles
southwest of the wilderness study area produced about 150,000 tons of ore
averaging 16 percent zinc, 1.3 percent copper, 0.6 oz/ton silver, and minor
lead and gold (Keith, 1974). Total production of base and precious metals in
the Silver Bell district from 1885 to 1981 amounted to 90,351,000 tons (Keith
and others, 1983).

Geology of the study area is included in reports by Sawyer (1986,

1987). A major structural feature in the study area is the Ragged Top fault,
a probable strike-slip fault that runs from near the southeast tip of the
wilderness study area west-northwest across the wilderness study area.
Precambrian Oracle-type granite predominates on the north side of the fault
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although Middie Proterozoic Apache Group sedimentary rocks crop out east of
Ragged Top. Upper Cretaceous volcanic rocks predominate south of the Ragged
Top fault. The volcanic rocks consist of andesite-to-dacite extrusive rocks
and rhyolite tuffs. Upper Cretaceous sedimentary rocks southwest of Ragged
Top contain clasts that include Precambrian schist, Paleozoic sedimentary
rocks, probable Lower Cretaceous sandstone, Cretaceous algal limestone, and
volcanic rocks. An Upper Cretaceous granodiorite porphyry laccolith underlies
part of the southwestern section of the wilderness study area. Ragged Top is
an Oligocene rhyolite dome that was extruded along the trace of the Ragged Top
fault. Quaternary sediments that are mostly unconsolidated cover the flatter
sections of the study area.

Sawyer (1986, 1987) and Lipman and Sawyer (1985) present evidence to
support the concept that the Upper Cretaceous sedimentary rocks, the Upper
Cretaceous andesite-to-dacite extrusive rocks, and certain of the Upper
Cretaceous rhyolite tuffs are the results of the formation and later collapse
of a caldera during Late Cretaceous time.

METHODS OF STUDY
Sample Media

Analyses of stream-sediment samples represent the chemistry of the rock
material eroded from the drainage basin upstream from each sample site. Such
information is useful in identifying those basins which contain concentrations
of elements that may be related to mineral deposits. Panned-concentrate
samples derived from stream sediment provide information about the chemistry
of certain minerals in rock material eroded from the drainage basin upstream
from each sample site. The selective concentration of minerals in panned-
concentrate samples, many of which may be ore related, permits determination
of some elements that are not easily detected in stream-sediment samples.
Analyses of unmineralized or unaltered rock samples provide background
geochemical data for individual rock units. Analyses of mineralized or
altered rocks may provide useful geochemical information about the major- and
trace-element assemblages associated with a mineralizing system.

Sample Collection and Preparation

Sampling sites are represented on plate 1. During the initial
reconnaissance sampling in March 1987, a stream-sediment sample and two
panned-concentrate samples derived from stream sediment were collected at each
of the 11 sites (numbers 105-108, 113-118, 126). The two panned-concentrate
samples from each site were treated differently, as described below, and after
preparation were respectively termed a “nonmagnetic heavy-mineral-concentrate
sample” and a "raw panned-concentrate sample." Average sampling densitg
during the reconnaissance sampling waszabout one éample site per 0.7 mi© and
the drainage basins ranged from 0.2 mi to 1.5 mi* in area. During the
follow-up sampling in December 1987, nonmagnetic heavy-mineral-concentrate and
raw panned-concentrate samples were collected at 15 localities (numbers 7301-
7305, 7312-7314, 7317-7323) except that no nonmagnetic heavy-mineral-

concentrate sample was collected at site 7321. Samples were collected by Gary
A. Nowlan and David A. Sawyer.



Stream-sediment samples

The stream-sediment samples consisted of active alluvium collected
primarily from first-order (unbranched) and second-order (below the junction
of two first-order) streams as shown on U.S. Geological Survey topographic
maps (scale = 1:24,000). The stream-sediment samples were dried, then sieved
using 30-mesh (0.595-mm) stainless-steel sieves. The portion of the sediment
passing through the sieve was pulverized to approximately minus-100 mesh
(minus-0.15 mm) for analysis.

Normagnetic heavy-mineral-concentrate samples

Ten to twenty pounds of stream sediment were collected from the active
alluvium. Most of the samples were panned without screening. However,
samples from sites 105-108 and 113-114 were screened with a 2.0-mm (10-mesh)
screen to obtain about 20 1b after removal of the coarse material. The
samples were panned to remove most of the quartz, feldspar, organic matter,
and clay-sized material. The resulting concentrates were estimated to weigh
between 1 and 4 oz.

After drying, bromoform (specific gravity 2.8) was used to remove the
remaining quartz and feldspar from the samples that had been panned. Each
heavy-mineral sample was then separated into three fractions using a large
electromagnet (in this case a modified Frantz Isodynamic Separator). The most
magnetic material, primarily magnetite, was not analyzed. The second
fraction, largely ferromagnesian silicates and iron oxides, was saved for
archival storage. The third fraction (the least magnetic material which may
include the nonmagnetic ore minerals, zircon, sphene, etc.) was split using a
Jones splitter. One split was hand ground for spectrographic analysis; the
other split was saved for mineralogical analysis. These magnetic separates
are approximately the same separates that would be produced by using a Frantz
Isodynamic Separator set at a slope of 15° and a tilt of 10° with a current of
0.2 ampere to remove the magnetite and ilmenite, and a current of 0.6 ampere

to split the remainder of the sample into paramagnetic and nonmagnetic
fractions.

Raw panned-concentrate samples

Raw panned-concentrate samples were collected and panned in the same
manner as the heavy-mineral-concentrate samples except that the samples were
panned to a smaller amount. The raw panned-concentrate samples were dried and
then were analyzed for goid without further preparation.

Rock samples

Sixty-four samples of bedrock were collected (table 1). The 28 samples
from the RTR130 series were collected from outcrops at generally 100-ft
intervals along a traverse crossing an area of altered bedrock along the west
side of the wilderness study area. Sample RTR106A is from a shear zone. The
seven samples from the 82S series were collected in 1982 and are
representative of bedrock units where mineralization is absent and alteration
is slight. The 28 samples from the RT7300 series are samples of mineralized
rock, altered rock, and vein material. Descriptions of the rock samples are
in table 1. Rock samples were crushed and then pulverized to approximately
minus-100 mesh (minus-0.15 mm) with ceramic plates.



Sample Analysis
Spectrographic method

The stream-sediment samples were analyzed for 31 elements and the
nonmagnetic heavy-mineral-concentrate and rock samples for 35-37 elements
using a semiquantitative, direct-current arc emission spectrographic method
(Grimes and Marranzino, 1968). The elements analyzed and their lower limits
of determination are 1isted in tables 2 and 3. Spectrographic results were
obtained by visual comparison of spectra derived from the sample against
spectra obtained from standards made from pure oxides and carbonates.
Standard concentrations are geometrically spaced over any given order of
magnitude of concentration as follows: 100, 50, 20, 10, and so forth.
Samples whose concentrations are estimated to fall between those values are
assigned values of 70, 30, 15, and so forth. The precision of the analytical
method is approximately plus or minus one reporting interval at the 83 percent
confidence level and plus or minus two reporting intervals at the 96 percent
confidence level (Motooka and Grimes, 1976). Values determined for the major
elements (iron, magnesium, calcium, titanium, sodium, and phosphorus) are
given in weight percent; all others are given in parts per million (ppm).
Emission spectrographic analyses were performed by John H. Bullock, Jr.

Other methods

Table 4 1ists other methods of analysis used on samples from the Ragged
Top Wilderness Study Area and lists 1imits of determination, precision, and
references for the methods. Rock and stream-sediment samples were analyzed
for gold by graphite furnace atomic absorption spectroscopy and for antimony,
arsenic, bismuth, cadmium, and zinc by inductively coupled plasma emission
spectrometry. Rock samples were analyzed for mercury by cold vapor atomic
absorption spectroscopy, for tellurium and thallium by flame atomic absorption
spectroscopy, for fluorine by ion selective electrode, and for tungsten by
visible spectrophotometry. Stream-sediment samples were analyzed for uranium
by ultraviolet fluorimetry. Raw panned-concentrate samples were analyzed for
gold by flame atomic absorption spectroscopy. Analysts were Paul H. Briggs,
Alonza H. Love, John B. McHugh, Richard M. 0'Leary, Theodore A. Roemer, John
D. Sharkey, and Eric P. Welsch.

Analytical results for stream-sediment, nonmagnetic heavy-mineral-
concentrate, raw panned-concentrate, and rock samples are listed in tables 5,
6, 7, and 8, respectively.

DATA STORAGE SYSTEM

Upon completion of analytical work, the results were entered into a U.S.
Geological Survey computer data base called PLUTO. This data base contains
both descriptive geological information and analytical data. Any or all of
this information may be retrieved and converted to a binary form (STATPAC) for
computerized statistical analysis or publication (VanTrump and Miesch, 1977).

DESCRIPTION OF DATA TABLES

The numeric portion of each sample identification in tables 5-7 and of
RT7300-series rock samples and sample RTRIO06A in table 8 corresponds to the
site number on plate 1. However, only the last three numbers in sample
identifications for 82S-series rock samples in table 8 correspond to site
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numbers on plate 1. Sites A-Z on plate 1 show the sampling sites of RTR130-
series rocks and correspond to the letter immediately following 130 in each
sample identification in table 8.

A letter "N" in the tables indicates that a given element was looked for
but not detected at the lower 1imit of determination. If an element
determined by emission spectrography was observed but was below the lowest
reporting value, a "less than" symbol (<) was entered in the tables in front
of the lower 1imit of determination. No distinction was made between "not
detected” and “less than" for samples analyzed by methods other than emission
spectrography. If an element was above the highest reporting value, a
"greater than" symbol (>) was entered in the tables in front of the upper
1imit of determination. The lower limit of determination for gold in raw
panned-concentrate samples by atomic absorption spectroscopy is 0.05 ppm,
based on a 10-g sample. Because the sample weight for raw panned-concentrate
samples was variable, the lower limits of determination varied from 0.02 to
0.07 ppm. The weights of the raw panned-concentrate samples (table 7) are
given in grams and are in the column headed by "weight".

Because of the formatting used in the computer program that produced
tables 5-8, some of the elements listed in these tables (Ca, Fe, Mg, Na, P,
Ti, Ag, Be, Cd-i, Au-a, Hg-a, Te-a, and T1-a) carry one or more nonsignificant
digits to the right of the significant digits. The spectrographic
determinations for As, Au, Bi, Cd, Mo, Sb, Th, and W in stream-sediment
samples; for As, Co, Ge, Nb, Pd, Pt, Sb, and Th in nonmagnetic heavy-mineral-
concentrate samples; and for As, Au, Ge, Sb, Sn, and Th in rock samples were
all below the lower limits of determinations shown in tables 2 and 3;
consequently, the columns for these elements were omitted from tables 5, 6,
and 8, respectively. The spectrographic determinations for Zr in nonmagnetic
heavy-mineral-concentrate samples were all greater than the upper limit of
determination and so that element was omitted from table 6.
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Table 1.--0escriptions of analyzed rock samples from
the Ragged Top Wilderness Study Area,

Pima County, Arizoma. A.. Aq
¢ ppwa 5

Sample Description

RTR130AA Granodiorite porphyry. <o/ &

RTR130BA Granodiorite porphyry <.e=, &/

RTR130CA Granodiorite porphyry, slightly altered . co<c

RTR1300A Granodiorite porphyry, slightly altered .cop~

RTR13008 Granodiorite porphyry, altered .co+, & ¥

RTR130EA Granodiorite porphyry, altered -eox, «

RTR130EB Granodiorite porphyry, altered :«<-,«

RTR130FA Granodiorite porphyry, altered -o< s .5~

RTR130GA Granodiorite porphyry, highly altered, brecciated .c-s .o

RTR13CHA Granodiorite porphyry, highly altered, brecciated ‘ccz, ~

RTR1301IA Granodiorite porphyry, highly altered, brecciated .coy, »

RTR130JA Granodiorite porphyry, highly altered, brecciated :eoow, «

RTR130KA Granodiorite porphyry, highly altered, .cox o

RTR130LA Fine grained rock, highly altered -oe=, ~

RTR130MA Granodiorite porphyry, altered .oez,

RTR130NA ‘Potassium-rich rock.e.,, +

RTR1300A - Potassium-rich rock -wes, +»

RTR130PA Granodiorite porphyry, slightly aitered = =%~

RTR1300QA Granodiorite porphyry, slightly altered <=z «~

RTR130RA Granodiorite porphyry, slightly aitered <-e-4 ~

RTR130SA Granodiorite porphyry c.cer.a

RTR130TA Granodiorite porphyry, slightiy altered -°=%~

RTR130UA Granodiorite porphyry, stightly altered .evr*

RTR130VA Granodiorite porphyry <.ess o

RTR130KA Diabase <.oes,

RTR130XA Oracle-type granite <.co, v

RTR130YA Diabase < .ssv, v

RTR1302A Oracle-type granite <-eo/4/

RTR106A Oracle-type granite from shear zone-eor v

825-023 Granodiorite porphyry <.eo/ .

82S-044 Granodtorite porphyry <.cos,»

825-122 Lithic tuff < eop.e

825-133 Rhyolite welded tuff <.cess

825-135 Rhyodacite porphyry «:ccsw

825-150 Rhyodacite porphyry <.co,, &

825-382 Rhyolite <..os 4/

RT7306A Barite-fluorite vein - ocg o
- RT7306BA Barite vein ‘so~ <«

RT7306BB Altered wall rock by barite vein:ee>

RT7307A Granodiorite porphyry, altered .cex, . <5

RT7308A Granodiorite porphyry, altered .oss~ -5

RT7309A Sulfide minerals and calcite ~ -, /52

RT73098 Granodiorite porphyry with sulfide minerals .c/s 222
_.RT7309¢C Granodiorite porphyry with sulfide minerals .cas2c.e
. RT7305D Oolomite (?) vein with sulfide minerals -e%.«c

RT730SEA Rhodochrosite (?) vein with sulfide minerais .os.so

RT7309E8_ Granodiorite porphyry with rhodochrosite (?) .o, s

and sulfide minerals

RT7309F Granodiorite porphyry with sulfide minerals .ces <s

RT7309G Granodiorite porphyry with sulfide minerals .cos, <.r

RT7310A Granodiorite porphyry :ezc,ss

RT73108 Granodiorite porphyry with caicite and sulfide .35 3o

minerals

RT7311AA Quartz vein.re?.v

RT7311A8 Quartz vein .oegsn

RT7315A Quartz vein -ecs,w

RT73158 Quartz vein <.cos, v

RT7315CA Quartz vein .eox,A’

RT7315CB Altered granite 082 c.5

RT7316A Diabase . o<, ~

RT7324A Barite vein.ozx», 2z

RT73248 Barite vein .c25 3

RT7324CA Quartz vein .02/

RT7324CB Quartz vein > 2

RT7325A Quartz vein 'eea &

RT7326A Quartz vein with suifide minerais . ooz, #




TABLE 2.--Limits of determination for the spectrographic analysis of

stream-sediment sampies, based on a 10-mg sampie

Elements Lower determination 1imit Upper determination 1imit
Percent
Iron (Fe) 0.05 20
Magnesium (Mq) .02 10
Calcium (Ca) .05 20
Titanium (Ti) .002 1

Parts per million

Manganese (Mn) 10 5,000
Silver (Ag) 0.5 5,000
Arsenic (As) 200 10,000
Gold (Au) 10 500
Boron (B) 10 2,000
Barium (Ba) 20 5,000
Beryllium (Be) 1 1,000
Bismuth (Bi) 10 1,000
Cadmium (Cd) 20 500
Cobalt (Co) 5 2,000
Chromium (Cr) 10 5,000
Copper (Cu) 5 20,000
Lanthanum (La) 20 1,000
Molybdenum (Mo) 5 2,000
Niobium (Nb) 20 2,000
Nickel (Ni) 5 5,000
Lead (Pb) 10 20,000
Antimony (Sb) 100 10,000
Scandium (Sc) 5 100
Tin (Sn) 10 1,000
Strontium (Sr) 100 5,000
Vanadium (V) 10 10,000
Tungsten (W) 50 10,000
Yttrium (Y) 10 2,000
Zinc (Zn) 200 10,000
Zirconium (Zr) 10 1,000
Thorium (Th) 100 2,000
10 ASARCO

LIBRARY



TABLE 3.--Limits of determination for the spectrographic analysis of
heavy-mineral-concentrate samples based on a 5-mg sample

[The spectrographic 1imits of determination for rock samples are based on a

10-mg sample and are therefore two reporting intervals lower than the limits
listed in this table]

Elements Lower determination 1imit Upper determination limit
Percent
Iron (Fe) 0.1 50
Magnesium (Mg) .05 20
Calcium (Ca) .1 50
Titanium (Ti) .005 2
Sodium (Na) .5 10
Phosphorus (P) .5 20
Parts per million
Manganese (Mn) 20 10,000
Silver (Ag) 1 10,000
Arsenic (As) 500 20,000
Gold (Au) 20 1,000
Boron (B) 20 5,000
Barium (Ba) 50 10,000
Bery1lium (Be) 2 2,000
Bismuth (Bi) 20 2,000
Cadmium (Cd) 50 1,000
Cobalt (Co) 20 5,000
Chromium (Cr) 20 10,000
Copper (Cu) 10 50,000
Lanthanum (La) 100 2,000
Molybdenum (Mo) 10 5,000
Niobium (Nb) 50 5,000
Nickel (Ni) 10 10,000
Lead (Pb) 20 50,000
Antimony (Sb) 200 20,000
Scandium (Sc) 10 2,000
Tin (Sn) 20 2,000
Strontium (Sr) 200 10,000
Vanadium (V) 20 20,000
Tungsten (W) 50 20,000
Yttrium (Y) 20 5,000
Zinc (Zn) 500 20,000
Zirconium (Zr) 20 2,000
Thorium (Th) 200 5,000
Gailium (Ga) 10 1,000
Germanium (Ge) 20 200
Platinum (Pt) 20 1,000
Paltadium (Pd) 5 1,000

11
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TABLE 4.--Analytical methods used other than emission spectrography

[AAC, cold vapor atomic absorption; AAF, flame atomic absorption; AAG, graphite furnace atomic absorption;
F, ultraviolet fluorimetry; ICP, inductively coupled plasma spectrometry; ISE, ion selective electrode;
VS, visible spectrophotometry; <, less than value shown]

Element Sample Lower limit of Precision, percent
determined type Method determination, relative standard References
ppm deviation

Mercury (Hg) rocks AAC 0.02 <5 Crock and others, 1987.

Tellurium (Te) rocks AAF 0.1 4.5-7.3 Hubert and Chao, 1985.

Thallium (T1) rocks AAF 0.05 1.6-12.5 Hubert and Chao, 1985,

Gold (Au) raw panned AAF 0.052 9.3-42.5 Thompson and others, 1968;
concentrates 0'Leary and Meier, 1986.

Gold (Au) rocks, stream AAG 0.001 3.7-21.1 Meier, 1980; 0'Leary,
sediments and Meier, 1986.

Uranium (U) stream F 0.1 6.9-14.2 Centanni and others, 1956;
sediments 0'Leary and Meier, 1986.

Antimony (Sb) rocks, stream ICP 2 6.4~11 Crock and others, 1987.
sediments

Arsenic (As) rocks, stream ICP 5 3.5-20 Crock and others, 1987.
sediments

Bismuth (Bi) rocks, stream ICP 2 2.2-11.9 Crock and others, 1987.
sediments

Cadmium (Cd) rocks, stream ICP 0.1 2.8-8.8 Crock and others, 1987.
sediments

Zinc (Zn) rocks, stream ICP 2 1.4-11.9 Crock and others, 1987.
sediments

Fluorine (F) rocks ISEP 100 0.98-5,51 Hopkins, 1977; 0'Leary and

Meier, 1986.
Tungsten (W) rocks Vs 1 2.9-6.9 Welsch, 1983; 0'Leary and

Meier, 1986.

3Based on 10-g sample
Bhot nitric acid digestion



Table 5.--Results of analyses of stream-sediment sauples collected From the
Ragged Top Wilderness Study Area, Pima County, Arizona

[N, not detected: ¢, detected below Limit of determination shown for ewission spectrodraphic analyses, less than value
shown for other netheds; >, greater than value shawn: ---, nat determined, Methods: Au-a, atewic absorption: As-i,
Bi-i, Cd-i, Sb-i, In-i, inductively coupied plaswa spectroscepy; U-f, ultraviolet fluorimetry: others, emission
spectrography. Element values in ppa except Ca, Fe, Md, and Ti, which are weight percentl

Sample Latitude  Longitude Ca Fe Ng i Ag Au-a  As-i i Ba Be  Bi-i  Cd-i
RTA105 VWA M8 1.5 S 1.5 J N --- 7 50 700 3.0 {2 8}
RTA104 2215 1M12718 1.0 10 1.3 g N .001 b 20 300 2.0 <2 2.3
RTA107 U My 1.0 7 4L0 10 N <,001 {5 30 500 3.0 2 1.4
RTAL08 32 27 4 111 27 54 3 15 .3 5 N - 7 70 300 3.0 2 2.5
RTA113 T o man .5 7 7 1.0 N <,001 9 70 00 2.0 2 1.9
RTA114 3228 8 111 28 50 7 7 L0 L0 N --= ] 15 300 3.0 2 1.3
RTA$15 322831 11130 4 7 N .7 N ¢.001 (5 30 300 3.0 {2 1.3
RTAL14 22819 1113030 7 10 7 g N .002 9 S0 1,500 3.0 2 1.4
RTAL17 3274 1113019 1.0 5 LS 3.5 .005 8 30 1,000 2.0 {2 1.3
RTA118 W57 13 3 5 1.0 3 N 010 {3 10 00 1.0 (2 7
RTA126 w1 My 4 i 7 1.0 SN .001 7 10 00 1.5 {2 .8

Sauple e Cu La Mn Nb  Ni Py Sb-i Se Sn Sr u-f V { in In-i

RTAL0S 3030 30 300 20 30 J [ 13 N 200t 150 20 N 68
RTA106 30 70 <20 1,000 NS0 30 11 15 o 00 2.2 200 30 200 88
RTA107 N 50 20 1,500 N2 30 2 2 N 100 3.0 200 70 200 71
RTAL08 200 30 N 00 <20 S 30 2 10 H N 7.5 S0¢ 500 N 3
RTAL13 30 S0 <20 00 <20 30 30 14 15 <10 N LS 200 50 N 89
RTAL14 20 S0 70 700 <20 15 30 2 20 <10 {100 3.7 150 100 N I}
RTALLS 30 30 0 2,000 <20 5 30 2 13 N 100 2.8 200 100 N 81
RTAL14 30 50 °¢ 1,000 <20 30 150 2 20 <o 100 2.9 300 70 N 77
RTAL17 0 70 0 2,000 N 20 300 2 i3 N 150 1.1 w0 20 200 150
RTAL18 20 30 <20 300 R 7 70 2 <3 N 100 1.2 70 (10 <200 48
RTR126 20 20 <20 500 N 15 50 @ 3 N 100 t.1 100 {0 N 80

13

Co
30

30
70
30

15
20
30
15

10

ir

200
200
300
300
300

1,000
500
1,000
200
70

100



[R. not detected: <. detected telow limit of determination shownt 7,

Sample

RTH10S
RTHI0G
RTH107
RTH108
RTH113

RTHIIA
RTH11S
RTHI1E
RTH117
RTHIIB

RTHIZ6
RTH7301B
RTH7302
RTH7303
RTH7304B

RTH7305B
RTH7312
RTH2313
RTH7314
RTH7317

RTH7318
RTH73198
RTH7320B
RTH73Z2
RTH73Z3

Sauple

RTH105
RTH104
RTH107
RTH108
RTH113

RTH114
RTHILS
RTH11S
RTH117
RTHLI8

RTH1Z6
RTH7301B
RTH7302
RTH7303
RTH7304B

RTH73058B
RTH7312
RTH7312
RTH7314
RTH7317

RTH7318
RTH7319B
RTH73208
RTH7322
RTH7323

Latitude

3Z 26 34
227 3
3227 14
3227 4
227 2

88
2281
21819
2774
32 26 57

J2 26 14
32 2 56
32 26 53
32 26 55
32 26 30

227 1
227 9
2278
22 5
3226 31

W
32 26 42
22
Zw 9
2213

Cr €

20

ra e

- =~

Table b.--Results of analyses of nonmadnetic heavv-mineral-concentrate sasples Frow the
Ragded Top Wilderness Study Area. Pima County, Arizona

Londitude

111 27 28
111 27 18
1127 29
111 27 54
in 2717

111 28 50
11130 4
111 30 30
111 30 39
111 30 35

11 2% 4
111 30 34
11 30 31
111 30 27
111 30 L4

111 30 43
11 27 44
111 27 43
11127 21
111 29 37

11130 3
111 30 13
111 30 14
111 30 16
111 30 19

u Ga

70 20
20 13
15 10
{10 30
50 70

10 30
{10 15

150 <10

{10

Ld

LN La on

10
10

15
<10

10

0
0

0
0

0

100

13
30
15

<10
10
10
10
20

0
0
0

0
0
0
0
0

=z = o X

20
1.00
.70
1.50
.30

.70
.10
.20

A
o d

.20

10
70
.70
1.30
1.90

-,
ol

10
<10

13

300

g

.30
,30
.20
.20
.30

120
.30
.20
.30
.10

A5
.10
.10
10
S

07
A3
.20
1.00
15

10
10

07
10

Mo
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<10
{30

10
100
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30
200
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70
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2,000

70
100

200
3,000
50,000

1,000
15,000
3,000
1,500
50,000

300
50
€20
{20
30

50
750,000
3,000
1,300
10,000

41

S¢

30
200
200

160

150
100
130
50
30

30

lat
4

20

-
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30
200

{00
160

15
70
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N
210,000
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710,000
{200
500

500
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210,000
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10,000
310,000
10,000
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ZEET O

areater than value shown.
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20
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20
30

{20
20
<20
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€20
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ntalyses by emission
spectrodraphy. Eiement values are ppw except Ca, Fe, Mg, Na, P, and Ti, which are weight percentl
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Table 7.-~Results of analyses of raw panned-concentrate
samples collected from the Ragded Top Wilderness Study
Area, Pima County, Arizona

[{, less than value shown. Au-a in ppe. MWeight, drams
of raw panned-concentrate sample. Analyses by atomic
absorption]

Sawple Latitude Longitude Au-a  Weight

RTG10S 32263 1112728 (.05 11.01
RTG10A 227 5 1112718 {.04 13.09
RTG107 32716 1112729 05 11.02
RTG108 Z274% U177 (.03 9.97
RTG113 21 7 1112717 {.08 7.95

RTGI14 3228 8 {1128 50 {04 14.43
RTGI1S 32183 (i1 30 ¢4 (.05 10.04
RTG116 322819 111306 30 £.05 11.35
RTG117 322743 11130 (.07 6,33
RTG118 322657 1113035  150.00 7.44

RTG126 3214 11129 4 {.03 11,55
RTG7301 32 26 56 111 30 24 2,30 21.57

RTG7302 32 26 53 11t 30 31 .20 15.18
RTG67303 322655 111 30 27 .03 19.468
RTG7304 322650 111 30 16 3.40 13.13
RTG7303 3227 1 {11 30 43 .03 17.80
RTG7312 3227 9 11127 M4 .03 21.45
RTG7313 3227 8 {1127 43 .03 19.83
RTG7314 3227 § 11272 .03 16.69
RTG7317 32 26 31 111 29 57 06 15.89
RTG7318 322639 11130 3 (.02 2b.66
RTE7319 32 26 42 111 30 13 A1 16.62
RTG7320 32 26 40 111 30 14 .23 23.10
RTG7321 3226 30 111 30 15 .03 18.29
RTG7322 3226 % 1113014 04 13.32
RTG7323 322615 11130 18 99 20.00

15



Tabhle 8.--Results of analyses of rock samples collected from the Raaded Top Wilderness Study Area, Fima County. Arizona

[N. not detected: {, detected below limit of determination shown for emission spectrodraphic analyses.

for other methads:

Sauple

RTR130AA
RTR130BA
RTR130CA
RTR130DA
RTR1300B

RTR130EA
RTR130EB
RTRI30FA
RTR130GA
RTR130HA

RTRI30IA
RTR130JA
RTR130KA
RTR130LA
RTRI30MA

RTR1J0NA
RTR1300A
RTR130PA
RTR130GA
RTR130RA

RTR130SA
RTR130TA
RTR130UA
RTR130VA
RTR130WA

RTR130XA
RTR130YA
RTR130Z4
RTR106A
825-023

B25-044
828-122
825-131
825-115
828-150

825-382
RT7306A
RT73058A
RT7306B8
RT7307A

RT730BA
RT7309A
RT73098
RT7309C
RT73090

Latitude

27

el
&

”
I

27
21

n =

L3 Q3 Ld Lo G
ERC I S T O B AR o ]

~J ~t O~

3227 8
32271 8
32 27 10
22711

3227 12

3227 13
RV L]
T
2Tl
22716

2271
3227 18
322719
3227 20
272U

R 22
RNDW
27U
22
27N

2731
27
221 34

[ RN
SRS
~3
~
<n

270

322659
kw1
32BN
BN
215

e
32 26 54
32 26 54
2 26 54
3226 58

32 26 58
20

2
Z
221 2
"
i

Longitude

111 30 31
11130 31
111 30 31
11130 3
11 30 3

111 30 30
111 30 30
111 30 31
111 30 31
111 30 31

111 30 30
111 30 3¢
111 30 31
111 30 32
111 30 33

111 30 33
111 30 34
111 30 34
111 30 34
111 30 34

111 30 34
111 30 35
111 30 34
111 30 33
111 30 33

111 30 34
111 30 34
111 30 35
111 27 18
111 30 48

111 31 20
111 30 15
1130 25
111 30 23
11129 3%

111 29 18
111 30 37
111 30 39
111 30 37
111 30 18

11130 5
111 30 &
111 30 &
11130 &
111 30 6

" 3.00

¥, dreater than value shown: -——  nat detersined,
coupled spectroscopy: Au-a, Hg-a, Te-a, Tl-a, atomic abserption: W-v, visible spectrophotametry: F-is.
siectroder athers. emission spectrooraphy. Yalues in ppe except Ca, Fe, Md, Na, P, Ti, and F-is, which are weidht percent]
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Samwpie

RTR130AA
RTRI30BA
RTR130CA
RTR130DA
RTR130DB

RTR130EA
RTR130EB
RTR130FA
RTR130GA
RTR130HA

RTRI30IA
RTR130JA
RTR130KA
RTR130LA
RTR130MA

RTR130NA
RTR1300A
RTR130PA
RTR1300A
RTR130RA

RTR130GA
RTR130TA
RTR130UA
RTR130VA
RTR130KA

RTR130XA
RTR130YA
RTR130ZA
RTR106A
826-023

826-044
828-122
825-133
825-135
825-150

825-382
RT7306A
RT7304BA
RT7304BB
RT73074

RT7308A
RT730%4
RT73098
RT7309C
RT73090

Table B.--Results of analyses of rock samples collected from the Radded Top Wilderness Study Area, Pima County,
Arizona--Continued
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Table 8.--Results of analyses of rock samples collected fros the Ragded Top Wilderness Study Area, Pima County,
’ Arizona--Continued

Sample Y Zn ir As-i  Bi-i Cd-i 3b-i Zn=i Au-a  Hg-a Te-a Tl-a  W-v F-is
RTR130AR 10 N 150 —- -—- —_— - SR % 111} — — — — -
RTR130BA 15 {200 100 --- -— —_— - — {001 --- - — —— ===
RTR130CA 15 {200 100 - - ——— e - 004 --—- — —— ——— -
RIR130DA 1S {200 100 e - e - 002 - — - —_— —m
RTRI30DB 20 {200 200 - - - - —— L0046 - — — —— mam
RTRI30EA 15 N 500 - .- .- e -— 002 -—- — — —— oem
RTRIJ0ER 10 N 200 - o - = _— 002 -—- — — e =
RTRI30FA 15 200 100 -— -—- —_— - —- 005 - — —— o —ma
RTRI30GA 10 N 150 - - —— - — ) — — — e
RTRI130HA 15 N 200 - -—- -— - _— 002 - — — — wme
RTR130IA 10 {200 100 - - — - — ) -—- — — e
RTRI30JA IS N 300 --- - -—— - - 001 - — — a—— ===
RTRI30KA 20 <200 70 -— - — e —— 008 - _— — — —
RTRI30LA 30 N 200 - - —_— - — 002 = e e e e
RTRIIONA 20 N 200 - - — - — 2002 —— — — — -
RTR13ONA 20 N 200 - --- — - - 002 --—- —- — -
RTR13004 15 N 200 - —- — - —- 000 --—- ——— — — am=
RTR130PA 20 N 150 --- - —— - -— 003 -— — ——- - e
RTRI308A 30 {200 150 - - — - S 113 A— coe e e ama
RTRI3ORA 30 {200 200 --- - —_— - — {001 --- -— — —— e
RTRI30SA 15 {200 100 --- —— —_— - — 001 - — _— — -
RTR130TA 50 N 200 - -—- — - — I T E— — — . -
RTRI30UA 1S N 150 - - —_— - — 001 - — — —— e
RTRI30VA 30 N 200 - -—- — - —— {00 e — — c—— wme
RTR130HA S0 {200 100 -— -— —_— - w— 001 - a— — —— -
RTRIZOXA 70 N 100 - - — e — {00 - — ——— c—— -
RTR130YA 30 {200 150 - - —_— - — 001 - — — c— e
RTR130ZA 30 N 200 - - — - S 1\ — — — c—— e-m
RTR106A 70 <200 20 —— -— —_— - — 001 - — — — e
825-023 N N 100 11 2 o3 25 39 <001 <02 <09 JBHoo—-- .03
825-044 10 N 70 3 2 .7 K| 7 <001 048 <05 A0 1.2 .03
828-122 10 N 70 {5 2 2 9 19 <001 <02 <09 50 - .02
825-131 15 N 500 3 {2 .3 K| 7 <001 02 <05 J0 1.2 .03
828-135 {10 N 100 { {2 .8 B} 54 <.001 02 G0 A5 1S .03
§28-150 10 N 150 (g { 7 3 44 .001 02 .05 .30 49 .03
825-382 10 N 150 it <2 {1 {2 29 <001 <02 (.05 J0 1.0 02
RT7306A 10 2,000 50 it 2 .8 {2 1,600 .004 J2 405 S0 2.0 170
RT7306BA 13 {200 N iz {2 3 2 130 .002 D2 05 <05 b 130
RT7306BB 30 500 30 23 2 6.1 b 370 007 04 (09 250 3.3 2.4
RT73074 N N 20 {3 {2 .l { 3 003 <02 {05 110 34 .02
RT7308A N N 30 7 {2 .4 2 35 015 .02 ) 45 .2 .02
RT7309A 10 310,000 15 {35 2 1,600.0 {2 40,000 --- 29 7.2 00 L6 .90
RT7309B 10 300 100 17 2 4.7 3 610 Q15 02 ] .10 2.5 .03
RT7309C 10 +10,000 100 16 4 53.0 5 6,400 .090 .20 2.00 1.60 5.4 04
RT7309D 13 200 100 13 2 3.9 ] 380 020 02 A0 S0 L4 Q7
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Table B.--Results of analyses of rock sawples collected from the Radged Top Milderness Study Area, Pima County,
firizona-—Continued

Sample Latitude Lengitude Ca Fe g Na p Ti Ad B Ba Be
RT7309eA 32 27 2 111 30 & 720.00 10.0 3 N N 002 50.0 13 1,500 N
RT7309EB 32 27 2 11130 6 15.00 3.0 .3 N N .150 15.0 15 150 N
RT7309%F 3227 2 111 30 6 1.00 3.0 2.0 2.0 N .700 {3 10 200 {1.0
RT7309%6 3227 2 111 30 & ,70 7.0 1.5 3.0 N .700 {3 <10 2,000 {1,0
RT7310A 3227 4 {1130 8 .70 5.0 1.5 1.3 N . 700 1.5 10 700 1.0
RT7310B 3227 & 111 30 8 10.00 5.0 1.0 1.0 N .300 30.0 10 500 (1.0
RT7311AA 32 27 A 111 27 25 20,00 7.0 3.0 .2 N .030 N {10 31,000 N
RT7311AB 3227 8 111 27 26 20.00 3.0 1.0 N N 015 N {10 150 N
RT7315A 3227 1 111 27 56 5.00 5.0 2.0 .2 N 200 N 10 700 1.5
RT7315B 3227 1 11 27 56 1.00 5.0 .1 N N .300 N 15 1,500 1.0
RT7315CA 3227 1 111 27 36 1.5 2.0 3 2.0 N .200 N 10 300 N
RT7315CB 3227 1 111 27 54 .30 3.0 7 3.0 N .200 {3 10 200 N
RT7316A 32 27 7 111 27 28 7.00 10.0 5.0 3.0 N 1.000 N {10 500 N
RT73244 3226 11 111 30 34 07 1.0 . 1.3 .2 .100 2.0 <10 73,000 N
RT73248 32 26 11 111 30 34 .50 1.8 .4 N 2 700 1.0 N 75,000 R
RT7324CA 3225 11 111 30 34 .10 '3 .d N N .020 N {10 700 1.0
RT7324CB 32 26 11 111 30 34 .20 2.0 2 2 N .100 2.0 {10 {,000 3.0
RT7325A 3227 & 11 27 30 1.50 10.0 3.0 2.0 N 1.000 N {10 150 1.0
RT7326f 32 27 8 111 27 34 5.00 7.0 3.0 2.0 N .050 N {10 150 1.0
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Sample

RT7307EA
RT7309EB
RT7309F
RT7309G
RT7310A

RT7310B
RT7311AA
RT73114B
RT73154
RT7315B

RT7315CA
RT7315CB
RT7316A
RT7324A
RT73248

RT7324CA
RT7324CB
RT73Z3A
RT73264

Table 8.--Results of analyses of rack samples collected From the Radged Top Wilderness Study Area, Pima County,
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5,000
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Table 8.--fesults of analyses of rock samples collected from the Ragded Top Wilderness Study Area, Pima County,
Arizona--Continued

Sample Y In Ir As-i  Bi-i Cd-i Sb-i In-i Ay-a  Ho=a  Te~a Tl-a M-y F-is
RT730%EA 200 310,000 N {3 {2 410.0 4 34,000 .080 1.2 2.00 A0 LS L0
RT7309eB 2 7,000 10 10 | 28.0 b 3,400 .100 08 L.40 90 2.7 .02
RT7309F <190 <200 150 7 <2 .8 {2 110 009 <02 (.05 0 2.9 02
RT7309G 10 {200 30 8 {2 6.0 ] 160 005 <02 (.05 85 1.7 02
RT7310A <10 {200 100 13 (2 .7 {2 110 026 <02 200 100 2.5 .03
RT73108 13 700 30 14 9 b4 b 770 ,380 02 400 80 1.7 .03
RT7311AA 2 N 10 3 2 2.4 2 1 .007 ¢ ) Jd3 4T Lot
RT731148 <10 N N {5 {2 1.2 (2 13 084 2,20 <.05 A5 LS <
RT73137 50 N 100 ] 2 1.1 3 kL] .001 40 .05 35 L3 .01
RT73138 30 N 10 5 { .4 3 30 4001 (02 (.05 Q0 12 .02
RTZ315CA 10 N 50 3 2 2 2 23 002 <02 (.08 .30 N 01
RT7315CE <10 N 30 3 {2 A {2 26 002 <02 (.05 .30 g0 401
RT7316A 15 N 70 <5 (2 A <2 20 .006 100 {05 .10 B ) |
RT7324A N N 13 ¢35 2 2 4 49 .023 A2 05 Q0 2 Lot
RT7324B 13 N 100 9 2 .4 3 it .023 50 (05 .40 7.4 .01
RT7324CA N N N (5 2 d 2 10 .021 02 03 .25 5 .04
RT7323€B 10 N 20 5 2 1.0 3 46 230 02 <08 95 1.8 .03
RT73254 10 300 20 {5 (2 1.8 (2 290 004 04 05 05 43 .02
RT73264 10 200 100 ¢ (2 1.4 {2 190 .002 02 <05 .05 b 01
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Frontispiece. Giants in geology and pioneers in the study of
mineral deposits, copper ores, and regional geology of the
American Southwest. Shown at Bisbee, Arizona during the
16th IGC (1933) are, left to right, Bert S. Butler, Waldemar
Lindgren (President, 16th IGC), and Frederick Leslie
Ransome. Photographed by Robert E. Heineman, Tucson.
S. R. Titley, collection.
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IGC FIELD TRIP T338:
PORPHYRY COPPER DEPOSITS IN THE AMERICAN SOUTHWEST

Spencer R. Titleyl, S. A. Anzalonez, and Elizabeth Y. Anthony3

Trip Headquarters and Date: Tucson, Arizona, 19-23 July 1989

INTRODUCTION

Welcome to Tucson, Arizona, and the four-day
stay to visit and study a group of classic copper
deposits. The field trip comprises four, single-day,
excursions to copper districts during which you
will have the opportunity to spend time in a region
with a unique geological history, and to examine
the geology of a selected group of distinctive and
different porphyry copper deposits.

In outline, the four trips will be carried out
from Tucson to visit the deposits in southeastern
Arizona at Silver Bell, Red Mountain, the Globe-
Miami-Ray region and in the Pima district. A map
of this part of Arizona with mines, ranges, and
routes is shown in Figure 1. The visit to this group
of deposits will allow the study of parts of porphy-
ry copper deposits from altered and oxidized
lithocaps downward into metallized systems where
both sedimentary and crystalline rocks host the
metals and alteration. Further, the location of
these deposits and the routes traveled will afford a
sightseer's view of parts of two of the major
geomorphic provinces of the State of Arizona, the
Basin and Range Province in the Sonoran Desert,
and the Central Mountain Province, which marks
the geomorphic and geological transition between
the Basin and Range region to the south and the
Colorado Plateaus to the north.

The following sections of this guidebook will
provide an overview of geology of this region, and
a generalized summary of the important features
of the porphyry copper ore deposits that occur
here. A brief geological overview of each of the
districts to be visited is presented in order to
acquaint the visitor with some relevant details of

local geology. On the occasion of the visits to
specific sites, the geological information pre-

sented in this guidebook will be augmented by
materials provided by mine geological staffs.

1University of Arizona, Tucson.
Asarco, Inc., Tucson, Arizona.
University of Texas at El Paso.

Some Geological Facts Concerning Tucson

Tucson occupies an intermontane basin in the
southern Basin and Range Province of the western
United _States and overlies a land area of about
600 km“. This old city, believed to have been built
above still older indian ruins and a Spanish
presidio, had its center near the Santa Cruz River,
adjacent to the present-day interstate highway
(see Figure 1), a river which our history books tell
us was flowing in the late 17th Century. This
"river" and its channel occupy the topographically
low axis that trends and drops to the northwest
across the western side of the city. The north side
of the city rises among foothills that front the
Santa Catalina Mountains, a metamorphic core
complex or gneiss dome that rises to an elevation
of nearly 3400 m. To the east, the rocks of the
Catalina Mountains continue as a group of sepa-
rately named ranges, the Tanque Verde and the
Rincon Mountains, which complete a quarter circle
arc around the city. An interesting aspect of
these ranges and the city is that they represent
extremes in climate and growth zones in this
region, going from vegetation of the Sonoran
Desert Province to that of Alpine provinces across
a driving distance of less than 60 km but an eleva-
tion difference of 1850 m in the Santa Catalina
Mountains.

On its western side, and west of the Santa Cruz
River axis, the city is flanked by a north-trending
mountain range, the Tucson Mountains, dominated
by Mesozoic and Cenozoic volcanic rocks. South
and southeast of the city, some 40 km away, the
Santa Rita Mountains, a typical Basin and Range
landform, appear to continue a part of a circle —
and to the southwest, the low dome-like character
of the Sierrita Mountains closes the arc, broken by
the Santa Cruz Valley.

The city and its surrounding areas comprised a
population of about 600,000 in 1987. The geolog-
ically significant aspect of this fact is that water
for the population came entirely from beneath the
city — groundwater being the sole source of
potable water. The city expected to receive
surface water, moved overland in a canal from the
Colorado River, in about 1990; in the late 1980s
decisions as to the disposal of that water, recharge
vs. direct purification, had not been decided.

T338: 1
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FIGURE 2 Tectonic map of the western United
States and northeastern Mexico showing Arizona
and its relationship to some major tectonic
elements. The x's show the location of major
porphyry copper deposits in Arizona and contigu-
ous regions. The heavy stippled line, tracing the
ISr value of 0.706 in the United States and the
edge of the Chihuahua Terrane of Mexico (Campa
and Coney, 1983) is interpreted to approximate the
edge of the North American craton. Map adapted
from Crowell (1988) and modified from Titley
(1988, submitted).

REGIONAL GEOLOGY

Southern Arizona lies at a corner of the North
American craton where the continental edge has
been affected by many different kinds of
geological and tectonic forces since the Protero-
zoic. This setting is shown in Figure 2. In this
region, marked contrasts in the style of geological

Basin fill, volcanic
flows, intrusions,

—{ 1 LARAMIDE INTERVAL
< flows,lahars, intrusions

1 J
{ LOWER CRETACEQUS
clastics, basin fill

unc.
TRIASSIC- JURASSIC
clastics, volcanics.

[CENOZOIC

| MESOZOIC

R s

= une.

CAMBRIAN-PERMIAN
carbonate-dominant

platform strata

PALEOZOIC

unc. .
Apache Gp.,volcanic,
clastic,carbonate rocks

Pinal Schist, granite
turbidites, amphibolite

PROTEROZOIC

FIGURE 3 Generalized and composited strati-
graphic column in southeastern Arizona. No
vertical scale but diagram approximates propor-
tional thicknesses of units above the Proterozoic
basement. The Proterozoic section is of unknown
thickness, but at least 7 km, the original thickness
of the Paleozoic at least 2 km, the thickness of
the Mesozoic extremely variable but in some
lccations 3 km in the Lower Cretaceous and a
ccrresponding amount in the Jurassic and
Triassic. Valley fill in some instances at least
4 km.

evolution, as well as in tectonic and igneous
events, may be seen in the kinds and distribution
of both rocks and landforms. Among the most
significant of these events were those of the
Laramide (ca. 75-50 Ma) during which the
preponderance of the porphyry systems were
formed. The Laramide, however, was but one of
several episodes of geological evolution in this
region. The following outline of geology is
summarized in a composited stratigraphic column
in Figure 3.

T338: 3



Proterozoic Overview

Contrasting styles of Proterozoic evolution in
this region are interpreted from the history of
basement rocks. In southeastern Arizona, this
basement, the Pinal Schist, is composed of a suc-
cession of clastic rocks (turbidites) of a thickness
greater than 7 km (Cooper and Silver, 1964), that
contains thin rhyolite flows and local amphibolites.
This succession of rocks, about 1.68 Ga in age
(Silver, 1978) has been invaded during two intru-
sive episodes (ca. 1.4 and 1.6 Ga) by granites. In
the Globe-Miami-Ray area, a still younger Proter-
ozoic succession, the Apache Group, is present
where its thin marine and clastic strata have been
locally dilated by diabase sills of about 1.1 Ga
age. Our trips into the Globe-Miami area will
traverse exposures of these rocks, which make up
much of the exposed terranes in the southeastern
part of the Central Mountain Province; Pinal
Schist and younger Proterozoic granites comprise
the basement rocks of most of the porphyry copper
deposits in this part of North America.

The basement in this southeastern part of the
state contrasts with the basement to the west and
southwest where the Proterozoic succession, of
about 1.78 Ga (Anderson and others, 1972), is
dominated by mafic to felsic volcanic flows and
pyroclastic rocks; these rocks constitute the
Yavapai Series. Within this volcanic basement are
also widespread exposures of Proterozoic granitic
rocks of ages 1.75-1.70 Ga, in addition to granitic
bodies of the younger Proterozoic dates exposed to
the east. A few porphyry metal systems of
Laramide age, all of which occur in the Central
Mountain region, are known to be hosted by these
basement rocks. Metallogeny during the Protero-
zoic was characterized by formation of massive
volcanogenic sulfide ores and precious metal veins;
although we will not visit such sites, Proterozoic
ores have been economically important in this
region.

Paleozoic Strata

Platform marine strata of Paleozoic age are
widely exposed in many mountain ranges of south-
eastern Arizona where an aggregate thickness of
about 2 km may be inferred to have been originally
deposited. These rocks are believed to have been
uniformly deposited westward and northwestward
across Arizona where, to the northwest, the
Paleozoic succession thickens drastically within
the Cordilleran Miogeocline. Only a few widely
scattered remnants of lowermost Paleozoic strata
exist in western Arizona; the dominant occurrence
of these strata is in the southeastern part of the
state.

Paleozoic carbonate rocks are locally impor-
tant hosts to copper mineralization in those places

where they occur as wallrocks to certain Laramide
intrusions. Important copper orebodies have
evolved in Cambrian carbonate rocks as well as
within Pennsylvanian and Permian strata. In those
settings where carbonate-bearing strata have been
involved in the process of copper formation, they
have been altered to assemblages of calc- and
magnesium-silicate minerals and compose impor-
tant and well-studied skarns. No intrusion events
of Paleozoic age are known in this part of the
American southwest and no Paleozoic ores have
been reported.

The Mesozoic Section

Layered rocks of Mesozoic age of this region
are diverse in character, distribution, and mode of
origin. Within the Central Mountains, the Meso-
zoic section is represented only by a few exposures
of uppermost Cretaceous volcanic flows and
pyroclastic rocks. In the southern part of south-
eastern Arizona, a greater variety of rock types,
representing many volcanic and sedimentation
events has been recognized; carbonate strata are
scarce or absent in Triassic and Jurassic sections
and compose only a small part of the Cretaceous
section. The lower Mesozoic section is dominated
by clastic and volcaniclastic rocks, with clastic
strata becoming increasingly abundant upwards
into most of the Lower Cretaceous section. In
southeastern Arizona, the Triassic through
Jurassic rocks may have attained local thicknesses
in excess of 3 km; the Lower Cretaceous section,
which in Arizona includes thin (1 km) foreland
facies rocks, thickens significantly into northern
Mexico where sections may locally exceed 4 km.
Upper Cretaceous rocks are mostly volcanic flows,
pyroclastic, and volcaniclastic units.

Mesozoic Intrusive Rocks

The Mesozoic was a time of three recognized
(dated) episodes of igneous intrusion (180 Ma,
150 Ma, and ca. 70 Ma)., Except for a few
Laramide bodies in the Central Mountains of
Arizona, all other known intrusive bodies of Meso-
zoic age occur in the southern part of the state.
The porphyry ores of Bisbee, Arizona, together
with a few widely separated small base metal
districts of inconsequential production and
reserves, formed at about 180 Ma. An episode of
intrusion of small granite bodies during the Creta-
ceous at about 150 Ma is revealed in a few
scattered centers but, except for local anomalous
but non-economic molybdenum values no metallo-
genic event has been identified with this intrusive
period.

The Laramide

Across southern Arizona,
Cretaceous volcanic  activity heralded

widespread Late
the
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region. Districts noted in bold are those to be considered in the field trip.

emplacement of numerous small plutons in local-
ized centers; a map of these rocks is shown in
Figure 4. These small igneous stocks, seldom more
than 3 or 4 km in diameter, were most likely
subvolcanic plutons; their emplacement to shallow
crustal levels, and convective cooling resulted in
the numerous porphyry copper systems of this
region. This process of pluton emplacement and,
at least locally, continuing volcanic activity,
spanned a period of about 15 to 20 my, and appears
to have died in the early Eocene. The igneous
events are associated with a time of high rates
(ca. 10-15 cm/yr) of normally directed conver-
gence between the North American continent and
the Farallon Plate of the Pacific Ocean. Conse-
quently, the igneous activity is inferred to be
related to a time of crustal compression.
Weathering as deep as 2 km during subsequent
times (as revealed by evidence from plutons and
stratigraphic reconstructions) resulted in destruc-
tion of volcanic superstructures, but the close
proximity of Laramide volcanic rocks to small
porphry plutons remains as testimony to their
common origin at scattered volcanic centers.

The Laramide Metallogenic Episode
in the American Southwest

The Laramide episode, established by various
workers as between about 45-50 Ma and 75-80 Ma
and believed to bracket the Cretaceous and
Tertiary, was a time of widespread volcanism and
intrusion in this part of the Western Hemisphere.
The evidence available indicates that the region
stood in relief but thin units of clastic strata
within thick volcanic successions are the only
indication of sedimentation. Results of abundant
and widespread radiometric age determinations in
this region indicate that a large population of
volcanic and intrusive rocks evolved as well as
synchronous mineralization in as many as 125
different centers shown now by exposed mined
areas or districts in southern Arizona and contigu~
ous Mexico and New Mexico. The most character-
istic feature of all of the districts is the presence
of Laramide intrusive rocks ranging in size and
style from batholiths to small dikes or dike
swarms. These igneous bodies clearly transferred
great amounts of heat to the shallow crust result-
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TABLE 1 Production of Metals as Percentages of Total Production
from Ores of Different Metallogenic Epochs in Arizona

Metallization Epoch % Cu %Pb % Zn %Az % Au % Mo
Proterozoic 6 18 45 19 26 -
Nevadan 11 23 15 16 5 -_
Laramide 81 41 31 47 33 83
Mid to Late Tertiary 2 18 9 18 36 17
Totals 100 100 100 100 100 100
Data from Titley (1987).
— distribution of these deposits is shown in Figure 5
P T T T where geological domain boundaries are shown,
! ‘ based upon regional characteristics and geological
,! ! history of the basement and Phanerozoic geology.
R | A view of the importance of the Laramide as a
T ) . COLORADO | time of ore formztion may be gained from the
o L ATEAUS ! data shown in Table 1 that compares production
' 3 ¢ - | (and by inference, endowment) from the various
*J 1 . o ! epochs of mineralization in Arizona.
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FIGURE 5 Map of Arizona showing location of
major Laramide deposits and districts, that
includes both the porphyry copper districts and
vein and replacement ore districts. The dotted
lines show separation of geologic domains in
Arizona suggested from Phanerozoic geologic
histories and basement characteristics. Modified
from Titley and Anthony (1988, in press).

ing in fluid flow which facilitated transfer and
deposition of metals. Whereas the Laramide
porphyry copper deposits are the most significant
and obvious manifestation of the results of this
process, there also exist numerous smaller
districts characterized by epigenetic mineraliza-
tion in veins and in various kinds of replacement
ores in sedimentary and volcanic rocks. The

basin-fill by alluvium, lake sediments and volcanic
rocks became the dominant style of sedimenta-
tion. Metallogeny during the mid to late Cenozoic
has been characterized mostly by formation of
precious metal vein and replacement ores during
episodes of extensional tectonism and periods of
volcanism.

GEOLOGY OF PORPHYRY COPPER DEPOSITS

It is appropriate to review some important
characteristics of the genetic class of porphyry
copper deposits. Whereas the visitor will have the
opportunity to view many of the characteristics
described herein at some of the sites to be visited,
an overview and integration of the nature and
importance of certain features here will provide a
meaningful basis for further observations and
interpretations.
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The deposits of this genetic class share many
common characteristics that allow certain gener-
alized statments to be made about them. In the
context of descriptions of deposits around the
Pacific Basin perimeter, generalizations have been
outlined by Titley and Beane (1981). An overview
of the regional geological settings has been pre-
sented by Titley (1982a) and an outline of features
of Laramide porphyry depo:its of Arizona has been
presented in Titley (1982b). Within the framework
of commonly shared features, however, many
important differences exist, among deposits, in
such characteristics as volcanic and igneous rock
types and in the style and evolution of metals and
alteration. Most of these differences are inter-
pretable in the context of either the levels of
exposure or the composition of wall rocks.

Briefly described, the porphyry copper deposit
of the American Southwest is a body of fracture
and veinlet controlled disseminated copper
sulfides; other subsidiary metals in these systems
are commonly molybdenum, silver, and in a few
deposits, gold. It is noteworthy that a "signifi-
cant" amount of the platinum group metals mined
in the United States is derived from the electro-
winning of copper mined from these deposits
(Cabri, 1981).

This body of mineralized rocks is ordinarily
centered on an intrusive mass of porphyry which,
with one exception in Arizona (Bisbee, ca.
180 Ma), is of Laramide age. Metallic mineraliza-
tion, together with different kinds of alteration
mineralogy, is laterally zoned; the economic
mineralization is revealed in assay, rather than
mineralogical boundaries.

Common Characteristim of
Porphyry Copper Deposits

The first of three essential and unifying
elements of these systems is the presence of a
small (1-2 km diameter) porphyry intrusion that is
usually central to zoned alteration and metals.
Although there is current lively debate concerning
the nature and extent of the role played by the
intrusion in the mineralizing process, the results of
dating of both intrusions and mineralization con-
sistently reveal that both are generally of the
same age; at the very minimum, the intrusions
served as a source of thermal energy that drove
the hydrothermal processes which formed the
system. The deposits are not known to occur as
primary resuilt of the process of emplacement and
cooling of phanerocrystalline rocks, nor are they
recognized to evolve as part of the emplacement
and cooling of volcanic rocks. In Arizona, por-
phyry copper deposits are almost entirely associ-
ated with rocks of calc-alkaline series affinity and
many of the deposits occur as parts of larger
intrusive complexes of which the porphyry is

invariably one of the youngest of the intrusive
phases. The rocks have been assigned different
names but they are nearly always quartz, two-
feldspar, biotite and/or hornblende, magnetite-
bearing porphyritc rocks.

A second commonly-shared element is that of
extensive fracture control of both alteration and
metal deposits. Whereas some sulfide mineral-
ization may commonly appear as isolated and
"disseminated" in host rocks, it is a matter of
widespread observation that such dissemination is
within domains of intensely shattered rock. The
fractures occur within the central porphyry masses
but also commonly extend for kilometers of dis-
tance into wall rocks.

The third common element in these systems is
that of zoned alteration and zoned distribution of
both metal abundances and metal types. Many
Arizona porphyry copper deposits are porphyry
cores to large (up to 100 square kilometer} base
and precious metal districts in which other metals
such as lead, zinc, silver, and gold have been
historically and economically important.

A common terminology has evolved in descrip-
tions of alteration that is related to some domi-
nating characteristic of a mineral-forming compo-
nent or mineralogy. Thus, in most systems, a
potassic alteration stage occurs as a core to
zoning. In potassium silicate host rocks, this stage
is ordinarily characterized by potassium feldspar,
with or without alteration biotite. Recent studies
(Beane and Titley, 1981) point to simultaneous
evolution of propylitic alteration peripheral to
potassic alteration. In potassium silicate rocks,
common minerals of the propylitic assemblage are
albite, carbonate, chlorite, "clay,"” epidote and in
some instances zeolite. At high and oxidizing
levels of the system, advanced argillic alteration
also appears to form simultaneously with the
others and is characterized by an assemblage of
alunite, silica and pyrophyllite, an assemblage that
is usually texturally destructive. A late stage of
important alteration, termed phyllic, is usually
present and revealed in the overwhelming and
complete conversion of affected rocks to an
assemblage of quartz and sericite, usually with
pyrite. An overview and analysis of the conditions
and chemistry of alteration in potassium silicate
rocks is presented by Beane (1982). A widespread
and common succession of alteration types within
the alteration aureole around porphyries is shown
in Figure 6. In this diagram one-half of a sym-
metric alteration envelope is shown at different
times in the alteration process; no depth is
inferred. The common mineral assemblages devel-
oped in potassium silicate wall rocks adjoining an
intrusion are shown in their ordinary and widely
recognized succession, the vertial axis of the
diagram showing only the change from high to low
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FIGURE 6 Composite alteration section showing,
from bottom to top, oldest to youngest alteration
assemblages in potassium silicate rocks seen in
Arizona porphyry deposits. Successive stages of
fracturing and subsequent alteration reveal pro-
gressive "collapse" of the alteration process on the
proximity of the intrusion and its wall rock con-
tact. Alteration progresses from areally-wide
potassic alteration, inward to the latest stages of
quartz-sericite-pyrite alteration by superposition
of successive alteration stages. Inward collapse of
the propylitic envelope is traced from the conver-
sion by chloritization of early formed secondary
biotite. The value "n" is the quantified value of
fracture abundance determined from length/area
values in outcrop. Modified from Titley (1982) and
Titley and others (1986).

{(bottom to top) temperatures during the life of the
system. Superposition of fractures formed at
different stages results in cross-cutting veins of
different alteration types; it is the superposition
of the different zones, dominated in early stages
by potassic and propylitic alteration and at late
stages by phyllic alteration that results in a
common zoning pattern, described across the top
of the diagram.

In carbonate wall rocks, typical calc-silicate
assemblages evolve that parallel the style of
evolution of alteration in potassium silicate rocks
(Einaudi, 1982). Early stages are characterized by
anhydrous minerals such as grandite garnet and
diopsidic pyroxene. Advanced stages of alteration
with copper minerals occur with hydrous magne-
sium-rich mineral assemblages along younger
fractures in the early formed skarn.

The styles of alteration in any rock may be
described at the mesoscopic scale in three
modes. Pervasive alteration affects most minerals
in a rock to a degree that the original composition
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of the rock is essentially masked. There may be
inherited textures that allow inference as to
original composition. Selective or selectively
pervasive alteration affects only certain minerals
of a rock and usually results in an artificial
enhancement of texture. Vein or veinlet altera-
tion is that which affects the walls of joints or
faults.

Contrasting Elements in Porphyry Copper Systems

There is considerable uncertainty concerning
the levels to which most of the Laramide porphyry
copper deposits in Arizona have been weathered.
In a few instances data from fluid inclusion studies
allow interpretations of original levels from 2 to
4 km higher than the present surface; stratigraphic
reconstructions in some instances are consistent
with this figure. In view of the fact that there is
overwhelming evidence for deep erosion, that may
be different from deposit to deposit, many con-
trasting elements of these deposits may be a
manifestation of the different original levels at
which the deposits presently are being viewed.

An important and principal difference between
deposits is the style of mineral zoning. Symmetry
of distribution and compositional characteristics
seen in systems of unvarying wall rocks, either
potassium silicate or carbonate is broken and
distorted when the wall rocks contrast in composi-
tion. As a general characteristic in "classic"
cases, alteration aureoles formed in potassium
silicate wall rocks are broad and uniformly devel-
oped {(Lowell and Guilbert, 1970); those in car-
bonate-bearing hosts are irregular and restricted
more closely to intrusion centers. In both types,
however, ore-grade and distribution as well as
tonnages are otherwise comparable.

Accessory metal content and distribution in the
porphyry ores of Arizona is variable and known in
only a general way. The distribution and character
are discussed below as they are understood in the
primary ores.

Gold occurs in some but not all of the systems
but its relationship to copper ores and other
metals has not yet been well-defined. Similarly,
molybdenum is highly variable in its occurrence
and distribution. Although generally sympathetic
with the occurrence of copper, in some deposits it
is central to the shells of alteration, in others it is
peripheral. In Arizona, most of the porphyry
deposits carry at least 1 g/t of silver; it is an
intriguing fact that high molybdenum grades (more
than 0.02% Mo) are attended by comparatively
high silver values (more than 2 g/t). Silver grades,
as well as gold grades, are sympathetic with
grades of copper; gold phases have not been
described but silver appears to occur with tetra-
hedrite. In secondarily enriched copper ores,
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silver as well as gold is also believed to be concen-
trated.  There is at least ome occurrence of
enriched copper (Hillsboro, New Mexico; Dunn,
1982) in which field evidence suggests that molyb-
denum also may be enriched with copper in the
weathering process.

Many uncertainties exist concerning the com-
positions of the original Laramide plutonic rocks.
In a great number of deposits, the combinations of
pervasive and destructive hydrothermal alteration
and subsequent weathering have so modified
textures and compositions that meaningful chemi-
cal and petrographic work with currently conven-
tional methods is not possible. Notwithstanding
these problems, sufficient observations and data
developed in the peripheral regions of the deposits
reveal that a range of petrologic compositions is
represented in the plutons of this province. The
influence of these petrological differences in
affecting results of the hydrothermal processes is
unknown. Results of a study of one suite of
Laramide rocks from this region suggest deep
crust as an important provenance of copper-
related magmas in these systems (Anthony and

Titley, 1988a,b).

Some Relevant Aspects of
Porphyry Copper Genesis

The numbers and accessibility of the porphyry
systems in this region, coupled with excellent
exposures of mineralized rocks and continuous
data collection have resulted in an unparalleled
information base. These data have been widely
used in a variety of kinds of studies that have
resulted in well-modeled and documented theories
of process. Less well-understood are geological
factors that relate to the localization of porphyry
copper deposits in this region and the fundamental
questions of the nature and origin of this copper
province.

Regional controls. The clear and unequivocal
relationship of evolution of porphyritic rocks to
sites of subduction found in island arc settings is
less clear in the inboard setting of the craton-sited
systems of southestern North America (see Figure
2). A large rectilinear area contains the deposits
of the American southwest and only with the
presumption of a considerable flattening of the
Benioff Zone, resulting from high plate conver-
gence rates (Coney and Reynolds, 1977; Heidrick
and Titley, 1982), may cause and effect be
inferred. Within the region, the effects of a
widespread overprinting by mid- and late-Tertiary
extensional tectonism has obscured the Laramide
tectonic framework and a distinctive regional
control has not been identified for certain.

Primary (hypogene) processes. The porphyry
system evolves as a direct consequence of the

evolution of the magmas that give rise to the
porphyry copper deposit. Rapid rise of magmas to
shallow crustal levels, probably as subvolcanic
bodies, and their subsequent cooling, results in
generation of thermal-mechanical energy which
fractures great volumes (cubic kms) of crustal
rocks. The evidence from the rocks reveals that
fracturing takes place episodically through the
period of pluton cooling, possibly on the order of
0.5 to 1 million years. Fractures produced in the
porphyry and its wall rocks provide an intercon-
nected network of open planes through which
fluids of both magmatic and meteoric origin flow,
altering rocks and depositing metal sulfides.

The episodic nature of fracturing is revealed in
the ubiquitous existence of distinctive parageneses
of alteration assemblages in cross-cutting veins.
Ordinarily potassic alteration is succeeded by
phyllic alteration, in turn succeeded by propylitic
alteration in parts of the system (Titley and
others, 1986). The provenance of waters has been
shown from results of light isotope studies of
alteration minerals (Sheppard and others, 1971;
Taylor, 1974). Temperatures and thermal history
have been documented in numerous studies, cited
by Roedder (1984).

Evolution of the igneous rocks and its rela-
tionship to the formation of the porphyry copper
deposits have been reviewed by Burnham (1967,
1979); Knapp and Norton (1981) and Knapp and
Knight (1977) have studied the effects of aspects.
of pluton history on fracture evolution, and Norton
(1979) has modeled the results of a study of fluid
flow and reaction in a cooling pluton environ-
ment. Whereas there are some points in agree-
ment concerning the evolution of the fracture
networks in the porphyry-centered system, namely
that there is a cause and effect relationship
between the cooling of the porphyries and fracture
evolution, there remains an area of doubt concern-
ing effects that are petrogenetic such as "second-
boiling” and hydrafracturing, and those that are
thermal-mechanical, such as stresses produced in
wall rocks by heating of pore fluids. It is likely
that both phenomena are significant and may
overlap in the genesis of these systems.

Secondary (supergene) processes. The eco-
nomic vitality of copper ores in this region has
been enhanced as a consequence of secondary
supergene enrichment. When the ores were dis-
covered and developed, the presence of enriched
copper provided a source of rich metal ore that
could be easily and quickly mined to amortize
capital investments; enriched ores were still being
mined and treated in the 1980s, after decades of
operation, in the Globe-Miami district, at Ray,
Morenci, Silver Bell, Chino, Tyrone, and in Mexico
at La Caridad. Whereas enriched sulfide ores have
been traditionally important and remained so in
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the 1980s, bodies of oxidized copper minerals of
many types assumed increasing importance as a
consequence of widespread application of solvent
extraction of copper in ores.

The process of oxidation of ores probably
commences during the waning stages of hypogene
activity at high (shallow) levels in the hydrother-
mal systems. In the deeply exposed systems of the
American Southwest, however, weathering has
been the dominating process, a process which has
been enhanced by geological and mineralogical
properties of the hypogene systems. Two funda-
mental and necessary requirements of the enrich-
ment process are the capacity of the primary
system to develop acid (Locke, 1926; Blanchard,
1968) and to have sufficient intrinsic permeability
to permit downward or lateral flow of solutions.
These requirements are met in the presence of
abundant pyrite in the typically densely fractured
rocks of the "phyllic" alteration zone. The char-
acteristics of superposition of the vertical zoning
induced by supergene processes upon lateral zoning
of alteration in potassium silicate rocks is shown
in Figure 7. It is the process of leaching of
primary ores and of earlier enriched ores that has
resulted in the characteristic and unique cappings
above secondary enrichment (Anderson, 1982).
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FIGURE 7 Vertical cross section through a
weathered and eroded, altered mineralized
porphyry system in potassium silicate rocks.
Distribution of alteration zones and characteristic
features composited from data shown in Figure 6.
Superimposed are the effects of oxidation,
weathering and leaching of the primary mineral-
ization and alteration to form an enriched blanket
above the zone of primary quartz-sericite-pyrite,
and its low copper grades.
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An additional, and coincidental, set of geolog-
ical circumstances have operated in the American
Southwest to produce the enriched blankets of
copper. Lowering of the water table to permit
flow is a requirement considered in the conven-
tional wisdom concerning the process. Such lower-
ing is believed to have taken place in at least some
instances by uplift at either regional or local
scales, Once formed, protection of the blanket
from erosion is necessary. In this part of the
southwest, pre-Oligocene enrichment of Laramide
systems is believed to have been covered by mid-
Tertiary volcanic flows, which prevented further
erosion. Kilometer thick mid-Tertiary dacite
flows in the Superior-Globe-Miami-Ray interval
are such units. Younger (than mid-Tertiary) uplift
is believed to have resulted in erosion that
exhumed copper ores, resulting in exposure with
some additional enrichment; in the current stage
of geological evolution, the zones of oxidation and
some enrichment were and are being eroded.

Features to Observe and Study

In view of the relevant aspects of deposit
genesis outlined above, certain important features
in these deposits merit close observation. Listed
below, for the information of those not familiar
with these deposits are questions of importance
that may be addressed in mineralized rocks of the
orebodies, and that may be of interest to those
familiar with similar deposits in other regions.

1. What was the original composition of the rock
as revealed in relict textures or original
minerals?

Is the rock part of the "progenitor" porphyry
suite or simply wall rock to the porphyry
magmas?

3. What is the style of alteration of the
sample? Pervasive? Selective? Vein-
veinlet? Are there combinations?

4. From compositional differences between
specimens, what may be said concerning the
composition of pervasive alteration?

5. If biotite is present, can its igneous or hydro-
thermal origin be determined?

Note the abundance of vein and veinlets in the
rock containing ore compared with rocks at
the edge of the mineralized systems.

7. How many different kinds of vein or veinlet
alteration are visible and what is the sequence
of the alteration types? (By such determina-
tions and distinctions, the chemical evolution
of solutions may be evaluated.)



8. Are there contrasting alteration mineralogies
that appear to relect the compositions of the
original rock type? (Most anhydrous altera-
tion mineral assemblages are strongly depend-
ent upon the composition of the original host
rocks.)

9. What is an estimate of the percent sulfides
{usually made on a volumetric basis) and of
the ratio of different sulfide minerals? (Such
estimates are relevant to determination of
zoning patterns and are of value as a basis for
interpreting some types of geophysical
measurements.)

10. Are there any apparent differences of suifide

ratios with respect to the kinds of veinlet

alteration, or kind of pervasive alteration?

11. What is the nature of the weathered surface

on the system? Low pyrite abundances do not

ordinarily give rise to strikingly red

exposures; high pyrite volumes (more than 4%

volume) do.

OVERVIEW OF DEPOSITS AND
DISTRICTS TO BE VISITED

The following sections present geological
summaries of the districts and mines to be visited
during the four days of the field trip. The summa-
ries will focus upon both generalized district and
orebody geology as well as aspects of ore occur-
rence and exposure that are particularly charac-
teristic of the specific bodies in which they
occur. Specific details concerning the exposures
to be visited will be provided at the site.

Pima Mining District

Four open pits mine disseminated copper ores
from six originally discovered orebodies. In the
visit to this district, we will see ores formed
entirely within potassium silicate host rocks and
almost entirely hypogene in character (Sierrita)
and a complex orebody in which hypogene ores
have evolved with calc-silicate alteration in
carbonate hosts and with potassium silicate altera-~
tion in clastic host rocks (Mission-Pima). At the
scale of district geology, the orebodies in the
south part of the district are autochthonous, those
to the north are allochthonous, interpreted to be
faulted away from their roots to the south. -

Trip to the Pima District. Our first visit will
be to the Sierrita-Esperanza orebody complex in
the south part of the district; after lunch we will
visit the Pima~Mission complex in the allochthon-
ous plate in the northern part of the district. The
drive takes us along interstate highway and mine
roads south and southwest from Tucson to the
southern part of the district, a distance of about
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60 km; in this trip we will ascend from Tucson
{700 m), in the Santa Cruz River Valley, to the
facilities and mine at Sierrita on the pediment
surface at about 1100 m elevation.

The Santa Cruz Valley, which flanks the west-
ern edge of the Tucson Basin, is an intermontane
basin typical of this region. It is flanked to the
west in the vicinity of Tucson by the Tucson
Mountains, a strongly deformed succession of
Laramide volcanic rocks. To the southeast, as
viewed from Tucson, the Santa Rita Mountains,
which comprise a complex of Proterozoic and
Phanerozoic rocks, rise to an elevation of about
2600 m and are capped by Triassic(?) volcanic
rocks. The Sierrita Mountains, on the flank of
which occur the mines of the Pima district, are a
dome-like feature cored by Laramide granite. The
visitor will be able to observe, during the course of
the brief trip, the typical landforms of this part of
the Basin and Range Province, manifested for the
most part in the Santa Rita and the Tucson Moun-
tains. This is also a classic region in which to
observe the geomorphic characteristics of pedi-
ments, low-angle, uniformly sioping surfaces
carved upon hedrock near the mountains' edges and
formed upon basin fill toward the valley centers.
These features may be seen in profile on the
northern side of the Sierrita Mountains where a
long (10 km) surface dips about 3° northward, and
another pediment east of the interstate highway
that slopes upward toward the Santa Rita
Mounta:ns.

As we drive southward out of the Tucson
metropolitan area, the east-dipping pediment of
the Sierrita Mountains may be seen to be the site
of numerous stripping dumps from mines of the
district. Large waste-to-ore stripping ratios (i.e.,
5,10-1) to maintain exposure of bedrock beneath
alluvium in two large open pits have resuited in
large volumes of waste, a characteristic of such
mining that requires continucus control and moni-
toring. Dumps exposed along the highway for the
next 15 km may be seen to be terraced and planted
with desert vegetation in order both to minimize
the visual impact of waste piles and to control
slopes and dust.

We encounter vegetation typical of the Sonoran
Desert Province in our drive upward and across the
pediment and we will see most of this biota in
short foot excursions outside of the pits. In this
region of sparse rainfall (ca. 30-40 cm/yr), vegeta-
tion is present but only the hardiest varieties are
common and survive. The most abundant trees are
the Palo Verde, Mesquite and varieties of acacia,
with scrub Oak at the highest desert elevations;
shrubs comprise Creosote, varieties of Composita
or Rabbit Bush, and the tall stalks of varieties of
Yucca and of Ocotillo. Cacti are abundant, the
most conspicuous of which is the widely known
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TABLE 2 Production and Mined Grades of Ore of Some Orebodies in the Pima District

Mine Tons Mined (to yr) % Cu % Mo Ag (g/t) Au (g/t)
Mission/Pima 108,993,000 (1978) 0.63 0.011 2.3 0.00X
Sierrita 224,750,000 (1978) 0.27 0.022 1.0 0.00X
Esperanza 86,342,000 (1978) 0.40 0.021 1.4 0.00X

Data from Keith and others (1978).

tree-like Saguaro with its numerous arms, together
with abundant Cholla, Prickly Pear, and Barrel
Cactus. Numerous varieties of small cacti may be
seen in almost any foot traverse and a variety of
grasses are widely present.

History. Mineralization in the Pima district
is, presumably, among some of the earliest dis-
coveries of metal made by Europeans in this part
of the North American continent. Jesuit and,
subsequently, Franciscan fathers entered this part
of Arizona at the turn of the 18th Century and
carried out exploration that resulted in epening of
several silver mines. The presence of turquoise
and native copper in outcrop was likely an object
of excavation by indigenous people prior to this
time. The path of exploration is not clear but by
the early to mid 19th Century there were mines
operating on numerous exposures of high grade
copper, as well as lead-silver mineralization in the
Pima district.

By the early 20th Century, underground mining
was taking place in many parts of the district with
lead, copper, and silver the principal products.
Mining in the district was confined to underground
methods on high grade copper ores until about
1955 when disseminated copper ore was discovered
by geophysical methods beneath post ore cover at
the Pima mine and bulk mining ensued. Subse-
quent discovery of the Mission and Esperanza
orebodies in the late 1950s, and the Sierrita, Twin
Buttes, Eisenhower and San Xavier orebodies in
the 1960s resulted in development of one of the
largest reserves of copper in any North American
district. In the 25-year period between 1955 and
1980, the district was the site of nearly continuous
mining in all orebodies as they were discovered
and developed. By the mid~1980s, open pit mining
operations had extended in two sites (Mission-
Pima-Eisenhower and Esperanza-Sierrita) to
envelope contiguous orebodies and two operations,
San Xavier and Twin Buttes had shut down.

The district and most of its orebodies have
been objects of both modern and older geological
investigations. Much of this is summarized in
Titley (1982b). However, noteworthy reports are
those of Ransome (1922), Cooper (1960, 1971,

1973), Barter and Kelly (1982), West and Aiken
(1982), Jansen (1982) and King (1982).

Ore grades and tonnages mined in some of the
important operations are shown in Table 2.

District geological summary. The general
consensus of geological interpretations holds that
the district actually consisted of two separate
centers of mineralization at the south end of the
district (the Twin Buttes and the Sierrita-
Esperanza orebodies). Low angle faulting of about
29-30 Ma age resulted in decapitation of one of
the mineralized centers at the south end of the
district (Twin Buttes) and movement of that part
of the orebody some 11.5 km north to its present
site as the Mission-Pima orebody complex (Cooper,
1960). Drilling has indeed revealed that the
Mission complex is floored by a low angle fault. It
remains a matter of speculation as to whether the
Twin Buttes ore system was moved from a position
near the Sierrita orebody but stratigraphic recon-
struction suggests that the vertical structural
separation between the Twin Buttes and Sierrita
system is on the order of kilometers. Nonetheless,
the current understanding is that orebodies of the
northern part of the district are allochthonous, and
orebodies of the southern part are autochthonous.
The principal structural elements and mines of the
district are shown in Figure 8.

Rocks exposed in the district comprise at least
some parts of each of the rock Systems known in
southeastern Arizona.  Proterozoic rocks are
represented by xenolith-rich exposures of granite
of about 1.4 Ga. The entire known Paleozoic
section is present, as are representatives of the
entire Mesozoic section. The Sierrita Mountains,
in which the district is situated, has been a site of
numerous- episodes of Mesozoic and younger
intrusive activity and the Mesozoic section
contains numerous volcanic strata that range
upward in age from the Triassic(?). For unknown
reasons, only the Laramide intrusive episode
appears to have generated ores. Older intrusive
episodes at about 185 Ma and 150 Ma emplaced
phanerocrystalline felsic igneous rocks and a mid-
Tertiary episode is represented by widely
scattered andesite porphyry dikes. The core of the
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Sierrita Mountains comprises Laramide-aged
granite-granodiorite rocks, which also compose
most of the exposed autochthon and are believed
to underlie the allochthonous rocks of the northern
part of the district. Trace element and isotopic
studies of Laramide igneous rocks in this district
{Anthony and Titley, 1988a,b) have revealed that
the compositional trend from early andesite to
latest porphyries is traced by increasingly negative
values of € and increasing values of Imitial
Strontium ratios. An interpretation of these
characteristics suggests that the Sierrita Laramide
prophyries reflect increasingly greater crust to
mantle ratios of magma parents during igneous
evolution.

The Sierrita-Esperanza complex is an intrusion-
centered ore system emplaced into a complex
setting of granitic rocks, volcanic and volcani-
clastic strata. Ore grades are generally symmet-
rically distributed about a center of porphyry
intrusion and are associated with a stage of altera-
tion characterized by alternation of orthoclase-
biotite stable and chlorite-epidote stable altera-
tion {(Preece and Beane, 1982). Alteration is
fracture-controlled, areally extensive and has beegl
found to occur within an area of some 65 km°,
surro?nding an area of exposed plutons of about
3 km® (Titley and others, 1986). The ores in the
Sierrita part of the complex contain a low total
sulfide volume (i.e., 3-4%) and lack the profound
overprint by quartz-sericite alteration, so common
in many otherwise comparable systems such as San

Manuel or Silver Bell. As a consequence, the usual
hematite-bearing red surface developed above
other systems of higher pyrite content has not
evolved; thus, secondary sulfide enrichment at this
level of the system did not take place and mining
commenced in hypogene primary ores. Greater
pyrite volumes (i.e., 5-7%) 1in the ores at
Esperanza correlate with the iron-bearing surface
and secondary copper sulfide enrichment.

At the Mission mine, ores are mostly concen-
trated in calc-silicate altered rocks and, to a
lesser degree, in potassium silicate altered clastic
sedimentary and volcanic rocks. The ore here
occurs in an overturned upper Paleozoic and
Mesozoic section associated with a sill-like body
or tongue of Laramide porphyry (Jansen, 1982).
These rocks are part of an upper plate package of
strata believed to have been transported from the
upper part of the Twin Buttes orebody, about
11.5 km to the south (Cooper, 1960). The orebody
is floored by a fault whose surface has been
mapped from drilling and interpreted by Jansen
(1982). In this orebody, the manifestations of the
style and composition of calc-silicate alteration
developed in different kinds of carbonate strata
are conspicuous.
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Silver Bell Mining District

The Silver Bell mine of Asarco, Inc. is situated
in the Silver Bell Mountains approximately 60 km
northwest of Tucson, about a 75 km driving dis-
tance. The "mine" comprises a series of centers of
mineralization localized on separate centers of
porphyry, aligned to the northwest over a distance
of about 10 km. Copper-bearing rocks are present
in most of the inter-porphyry areas and the part of
the Silver Bell Mountains in which the ores occur
may be viewed as a belt of nearly continuously
mineralized rock.

Trip to Silver Bell. The drive to Silver Bell
takes us northwest out of Tucson along the inter-
state highway to an exit where we will turn west
into the Avra Valley, crossing it to the mine whose
dumps are visible some 30 km away to the west on
the other side of the valley. From Tucson, the
route parallels the axis of the Tucson Mountains to
the west. The 30 km trip across the Avra Valley
traverses thousands of acres of cultivated land in
the valley center. The crops seen are all irrigated
from wells. This semiarid desert environment is
characterized by low rainfall and high summer
temperatures; temperature-resistant crops, such
as cotton, do well but require high amounts of
water. In this part of the southwest, where 99% of
the water consumed for all purposes is taken from
the ground, the debate over priorities of water use
continues — for obvious reasons.

History. History of development and mining in
the district has been outlined in Richard and
Courtright (1966) and is summarized here. The
earliest mining of note commenced in about 1865
in the northern part of the district with mining of
oxidized copper ores containing some silver and
lead. This was underground mining and the ores
taken were from oxidized skarns; in the subsequent
50 years, many separate mines operated intermit-
tently on such ores to produce about 10,000,000
pounds (about 4500 MT)} of copper. In about 1910,
lower grade disseminated ores were recognized
and subsequent drilling revealed supergene copper
ores in the two major centers of mining near the
present El Tiro and Oxide pits, although of insuffi-
cient grade to constitute ore in the first half of
the century.

Asarco, Inc. (then, ASARCOQO) commenced a
systematic evaluation of the district in 1948,
developed reserves, and commenced large scale
copper mining in 1954. During the next 30 years
open pit mining ensued in the El Tiro and Oxide pit
centers and followed ore in subsequent discoveries
that continued to expand reserves in and near
these sites at the two ends of the district. Mining
ceased with the downturn of prices in the early
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TABLE 3 Production and Mined Grade of Ore from Silver Bell

Mine Tons Mined (to yr) % Cu % Mo Ag (g/t) Au (g/t)
Silver Bell 75,655,000 (1977) 0.80 0.022 2.4 _—
Values calculated from data of Graybeal (1982).
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FIGURE 9 Geological sketch map of the Silver Bell mining district in the Silver Bell Mountains. Map
adapted from several sources and shows only the location of the "ore-related"” quartz monzonite plutons
and carbonate-dominated Paleozoic strata. Contiguous exposures are of intra-Laramide plutons, dacite
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system but in many parts of the perimeter, fracture localized alteration, mostly biotite or orthoclase,
extends more than a kilometer further.

The dotted line is approximate limit of disseminated pyrite in the
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and mid-1980s but leaching and production of
cement (precipitated) copper was continuing in the
late 1980s. A reserve at Silver Bell of about
21,000,000 st of 0.68% Cu and 2.4 g/t Ag is re-
ported in Beard (1986); the possibility of renewed
mining and exploration at Silver Bell in the late
1980s was awaiting significant changes in metal
prices and projected stability in the metal
markets. Production at Silver Bell is given in
Table 3.

District geological summary. Geology of the
district has been an object of prolonged and con-
tinous study by both Asarco geologists and inde-~
pendent investigators. A geological map showing
pits, porphyries, and some major elements of
structure is shown in Figure 9. The orebody was a
site of one of the early significant studies of
hydrothermal alteration of such systems (Kerr,
1951) and definitive papers have been written
describing the structure, petrology and ores
(Richard and Courtright, 1966), stratigraphy and
petrology (Watson, 1964), and the character of
district zoning, alteration and ore occurrence
(Graybeal, 1982). An additional historical aspect
of geological studies at Silver Bell is the important
and significant role that interpretation of leached
outcrop occupied in its exploration and develop-
ment (Richard and Courtright, 1966). Examples of
the leached capping remained in the late 1980s and
could still be observed and studied. Additionally,
interpretation of the geology at Silver Bell and
elsewhere led Courtright (1958) and Richard and
Courtright (1960) to expound the first published
ideas concerning the style of geological evolution
of early Laramide (Upper Cretaceous) geology in
this southern Arizona region; the Silver Bell
formation, a succession of andesite flows and
lahars, was viewed as a volcanic presursor to the
emplacement of Laramide porphyry plutons, not
only at Silver Bell, but in other contiguous ranges
and regions. Most recently, ideas that relate
Silver Bell to a possible caldera complex have been
outlined by Lipman and Sawyer (1985).

"Silver Bell” in the broader context, alludes to
the group of porphyry copper deposits localized in
the periphery of several small (ca. 1 km) diameter
plutons in the Silver Bell Mountains. Although
isolated at the levels exposed, the plutons are
considered as essentially contemporaneous and
their emplacement and cooling has resulted in a
single broad aureole of alteration that encloses the
entire group (Figure 8). Low grade copper ores or
anomalous copper values in rock (ca. 0.05-0.1%),
both hypogene and supergene, are said to be more
or less continuous in wall rocks between intrusive
centers (Courtright, pers. verbal comm., 1970).

The intrusions have been emplaced within a
succession of Paleozoic rocks and Laramide volca-
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nic strata that occur in a down-faulted block that
lies southwest of the "district fault" (Richard and
Courtright, 1966); the fault block lies in contact
with Precambrian granite to the northeast (Figure
9). The complex stratigraphy within the mineral-
ized centers — carbonates, clastic rocks, volcanic
flows ranging from andesite to rhyolite, and intru-
sions — has resulted in correspondingly complex
patterns, styles, and composition of mineralization
and alteration. These contrasting characteristics
have also influenced the style and distribution of
supergene secondary sulfide enrichment.

Skarn (calc-silicate) alteration together with
hypogene copper ores occurs within certain car-
bonate units of the Paleozoic section where they
are juxtaposed with the Laramide stocks; other-
wise typical potassium silicate alteration occurs in
non-carbonate rocks. In the Silver Bell porphyry
systems, inclusion of calc-silicate alteration
within the extensions of aureoles of the different
phases of K-silicate alteration allows the study
and comparison of these different alteration types
within aureoles of comparable alteration intensity.

Hypogene ores, consisting mostly of chalco-
pyrite in low total sulfide (3-4% volume) mineral
assemblages, have been important ore types at
Silver Bell, especially in skarn-altered parts of the
system. Little hypogene ore has been mined at
Silver Bell from the porphyries. The significant
economic mineralization has been secondary
sulfide enrichment (chalcocite) in porphyries and
wall rock, where it has evolved in the weathering
of phyllic (quartz-sericite-pyrite) altered rocks
with abundant fractures and high (6-8%) volumes
of pyrite. Grades of more than 0.8% enriched
copper have been locally important and have
evolved above protores of 0.1% copper in chalco-
pyrite (Graybeal, 1982). Early mining of copper in
the Oxide pit was of both oxides of copper
(tenorite, malachite, chrysocolla) and rich (more
than 1%) chalcocite blankets. More recently, both
low-grade chalcocite-bearing and oxidized ores
have been mined for leaching and, combined with
leachates from older dumps, have become the
present-day source of copper in the extraction of
the metal at Silver Bell.

Globe-Miami Mining Area

The Globe-Miami district lies in the Central
Mountain or Transition Province, 175 km north of
Tucson. In this district, Laramide plutons have
been emplaced in wall rocks of Proterozoic age,
represented by the Pinal Schist and by younger
Precambrian granites. Ores are combinations of
pluton-hosted ores as well as ores in the wall rock;
early mined ores were secondarily enriched, more
recently they have contained some hypogene
copper.

16



| Cenozoic cover
s Laramide intrusions

Y Paleozoic/Precambrian
strata and siils

QOlder Precambrian
schist and granite N

Vein systems
Pit outline

Madified from Peterson(1962)
and Creasey (1980). .

~,
> N
W N

[

Superior -\
N
IANGNO

N\ j_\".\
~

N
~

NN,
S

7(7?7“ NN
LN \“\\

|. Pinto Valley

2. Inspiration
3. Bluebird

S 10

KM

FIGURE 10 Geological sketch map of the principal mines of the Globe-Miami-Superior interval. Map
adapted from Peterson. Most porphyries are phases of the Schultze granite; the deposits may be seen to
be preferentially localized at regional contacts of the plutons and Precambrian host rocks.

Trip to the Globe-Miami District. The trip
proceeds north from Tucson to Florence Junction,
crossing a major part of the Sonoran Desert region
of Arizona to the foot of the central mountains at
which point the road climbs some 600 m into the
terrane of the transition zone and the Globe-
Miami center. The visitor will have the opportun-
ity to see the contrasts in geological and geomor-
phic style between these two regions as well as
contrasts in climatic zones and vegetation.

The Basin and Range Province reveals in its
morphology and geology isolated ranges and inter-
montane basins. In most ranges of this province,
geology is complex, characterized by faulting and
folding, tilted beds and juxtaposition of strata
ordinarily separated by kilometers of section. The
central mountains of Arizona reveal the transition

between this geological style and that of the
Colorado Plateaus to the north where strata are

essentially flat-lying and topography flat or mesa-

like in character. In the transition region, the
geological style of Phanerozoic strata is closely
similar to that of the plateaus but the topography
is that of mountains and peaks, lacking only the
broad intermontane basins of the province to the
south. .

The highway from Apache Junction, through
Superior, Arizona, climbs steeply and takes us
from the desert surface into the mountains. In
almost any season of the year, the climatic change
is striking but in July the contrast between desert
temperatures in excess of 40°C and the balmy
temperatures betwen 25°C and 30°C is that sought
by many desert dwellers and is a relief, indeed.

The journey by road passes through the Pinal
Parkway, a state park that displays the typical
desert region vegetation, which is that seen in the
trip to the Pima district south of Tucson. As the
road climbs out of Superior to Globe, the changes
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TABLE 4 Production and Mined Grades from Districts in Superior-Globe Interval

Mine Tons Mined (to yr) % Cu % Mo Ag (g/t) Au (g/t)
Miami-Inspiration 759,476,000 (1978) 0.67 0.001 0.42 0.002
Globe Hills 12,133,000 (1978) 4.3 - 23 0.30
Superior 26,280,000 (1978) 4.5 - 53 0.92

Values for Superior are those of the Pioneer district as formally named and include the Superior deposit

as well as small amounts of production from numerous other producers.

(1983).

in this vegetation become striking with desert
types giving way to scrub Oaks, Pinon, Juniper,
Manzanita and, in the Globe area, to conifers.

History. Ores of the Globe-Miami area are
reported to have been first located around 1874
when rich veins of chrysocolla were discovered in
the hills surrounding the present city of Globe.
These veins, and others subsequently mined, com-
prise the Globe Hills district in current vernacular;
the Globe Hills mineralization represents metal-
lization commonly developed peripherally to many
large intrusion-centered districts of this region
and is characterized by high lead and zinc content
(1-10% combined) as well as silver and locally
gold. Mining took place intermittently on vein
ores for the next 30 years; although veins carrying
some 2-3% copper were known, they were below
the economic grade of about 4% necessary at the
turn of the century. Not until the late 1930s was
bulk mining taking place and by the early years of
WWII the district became quite active, mining
taking place in the Imspiration and Miami ore
zones, with mining initiated at Castle Dome (Pinto
Valley), discovered as a "War Baby" during the
early 1940s. By the late 1980s, and as a result of
the depressed nature of the domestic copper
industry, there were two centers of mining. The
Castle Dome deposit developed originally in a
secondary blanket, and wultimately mined for
hypogene copper had become the Pinto Valley
deposit; and the extensions of the ores mined
underground by block caving on the Inspiration
ground in the 1940s and 1950s were being mined in
open pit.

Although separated from the porphyry ores by
a distance of some 8-10 km, the vein and replace-
ment copper ores at Superior, Arizona, are inter-
preted as an integral part of Globe area mineral-
ized centers, as shown in Figure 10. At Superior
and in veins nearby, underground mining of rich
copper and silver took place over a period extend-
ing from the 1920s into the mid-1970s. The eco-
nomics of hard times overtook operations in these
mines as well and they are no longer productive,

Data from Keith and others

although a reserve of about 4,000,000 tons of 5.6%
copper at Superior is reported in Beard (1986).

Production from mines in the Globe-Miami-
Superior interval is shown in Table 4.

Geological summary of the Globe-Miami area.
Ore deposits of this area have received a signifi~
cant share of scientific attention over the past 90
years and remain important objects of study. Most
noteworthy of the early reports are those by F. L.
Ransome (1903, 1904, 1919). In these U.S. Geolog-
ical Survey publications, Ransome (as was char-
acteristic of other geologists of his time) not only
described features of the ore deposits but also
reported the results of regional studies in which
definitive stratigraphic work was carried out and
described. Parenthetically, it should be noted that
other U.S. Geological Survey workers in the west-
ern United States carried out similar studies
elsewhere while also focusing study upon the
character of ore districts. In so doing, geologists
such as Ransome, Waldemar Lindgren, B. S. Butler
(see frontispiece), A. C. Spencer, E, S. Larsen, and
Whitman Cross, to name a few, contributed not
only to the foundations of economic geology in
these regions but also importantly and significant-
ly to developing the modern knowledge of the
geological framework of the western United
States.

More recently the geology of the Globe-Miami
area has been reported by N.P. Peterson and
coworkers in a series of papers that began in 1946,
among the most recent of which is the work of
Peterson (1962). The results of extensive radio-
metric age dating have been reported by Creasey
(1980) and the district remains an important object
of study in the 1980s.

The ores of the Globe-Miami porphyry systems
are mostly localized in Proterozoic wall rocks in
the periphery of a group of Laramide intrusionms.
By means of many K/Ar determinations on numer-
ous phases and multiple samples within the
district, Creasey (1980) has closely approximated a
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mean age of intrusion in the district at about
61.5 Ma and a date of mineralization at about
59.5 Ma. These ages fall within the spread of
other Laramide ages determined in other districts
of the southern Arizona region.

Mining of the Miami-Inspiration and contiguous
orebodies has extracted sulfide ores, mostly
secondarily enriched, comprising chalcocite and
oxidized copper minerals; the other large systems,
Pinto Valley (Castle Dome) and Copper Cities, are
orebodies from which mostly hypogene ores (chal-
copyrite) have been taken. In forming the super-
gene ores, wall rock character, particularly that of
the Pinal Schist has been important in having both
numerous fractures with high pyrite content and
acid buffers such as abundant primary or second-
ary sericite to aid the process. Exploration and
mining beneath the enriched blanket at Miami-
Inspiration reveals the presence of subjacent
pyritic copper mineralization of low grade.

Hydrothermal alteration studies in the Miami-
Inspiration part of the Globe-Miami district are
complicated by the presence of a heavy supergene
alteration overprint. Similar problems attended
some of the first systematic studies of alteration
mineralogy and alteration zoning reported in
porphyry copper deposits, carried out at Castle
Dome (Peterson and others, 1946). There, zones of
abundant sericite and kaolinite were delineated
and a correspondence to enriched copper ore was
shown. Hydrothermal alteration in the Pinto
Valley deposit, which represents the deeper hypo-
gene parts of the Castle Dome system, manifests
the same characteristics of mineralogy seen
elsewhere in deposits with potassium silicate wall
rocks and at the level observed consists of veins
altered to or carrying biotite or orthoclase, and
overprinted younger veins carrying quartz-sericite
and pyrite. In the Globe-Miami deposits, thus,
mining has transited the vertical profile of
meteorically to hydrothermally altered rocks,
consequently from oxidized to enriched to hypo-
gene copper minerals. In doing so, mining has thus
gone from extraction of ores of 4% copper (oxi-
dized) to 1% (enriched) to 0.5% or less hypogene
ore. It is noteworthy that this history of grades
mined corresponds in general ways to, and traces
in time and the rocks, the evolution of progres-
sively more refined and efficient engineering
practices and metallurgy during the past 50 years.

Ray (Mineral Creek} Mining District

The mine at Ray lies in the Dripping Spring
Mountains, some 20 km south of the Globe~-Miami
district. This orebody occurs almost entirely in
Proterozoic wallrocks comprising Pinal Schist and
diabase sills; exposures of Laramide intrusions are
present but trivial in comparison with strata and
igneous rocks of the Precambrian. Alteration,

together with sulfide volumes and composition is
zoned and transects the geometry of rock type
distribution (Figure 11).

Trip to the Ray District. From Globe to
Superior, we trace our path back down Queen
Creek and across extensive outcrops and road-cut
exposures of Precambrian strata and mid-Tertiary
dacite. The road from Superior southward crosses
a complex of Precambrian and lower Paleozoic
rocks that lie on the west flank of the Dripping
Spring Mountains. We remain in the transitional
geology of the Central Mountain Province where
strata are still subhorizontal but within closely
spaced (10 km) Basin and Range landforms.

Departing the Ray district we will proceed
southward to Hayden, site of smelting activities,
and parallel the San Pedro River to the town of
Mammoth. This part of the trip takes us through
extensive road-cut exposures of typical Gila
conglomerate, mostly basin fill in the Gila Valley,
which contains the San Pedro River. At Mammoth,
we turn southwestward, ultimately crossing the
railroad transporting ore from the San Manuel
mine to the smelter at San Manuel, south of the
highway. After passing through the town of
Oracle, we rejoin the Pinal Parkway at Oracle
Junction and drive southwestward along the
northwest side of the Catalina Mounains to

Tucson, via the Oracle Highway.

History of the Ray District. Early events
affecting the ores at Ray are reported by Ransome
(1919) and Parsons (1957) and are summarized
here. First mining of record was of silver prior to
or about 1880 with ensuing expansion of claim
groups, changing ownerships, and underground
mining during the next 20 years. The absence of
infrastructure during these early times required
hauling of supplies and metal to and from Red
Rock, Arizona, a distance of 70 km. Early
attempts to mine up to reported grades of 4-5%
copper were unsuccessful as recovered grades
were on the order of 2%. The Ray orebody was
recognized at the turn of the century as having
extensive reserves of 2% copper. It was not until
1907, however, that the potential of the orebody
was realized when a group involving D. C. Jackling
(who had been so successful in making Bingham
Canyon profitable) bought the property and formed
the Ray Consolidated Copper Company. Corpo-
rate changes, mergers, selling and buying property,
all characterized a fluid ownership during the next
25 years with formation of the Nevada Consoli-
dated Mining Company, subsequent ownership by
Kennecott Copper Corporation, and most recently
by Asarco, Inc.

In a way comparable with ores of the Globe-
Miami area, underground mining of high grade ore,
subsequently block caving, and finally open pit
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TABLE 5 Production and Mined Grades of Ore in the Mineral Creek District

Mine Tons Mined (to yr)

% Cu

% Mo Ag (g/t) Au (g/t)

Ray Orebody 327,507,000 (1981)

0.85 0.001 0.92

0.006

Data from Keith and others (1983).

mining in 1954 (Parsons, 1957) trace the history of
extraction. The transition from high to low grade
ores parallels the history and trends of technol-
ogy. Production from the Mineral Creek district is
shown in Table 5.

District geological summary. The Ray ores
were the object of study by Ransome (1919) who
reported on them in a paper that also included ores
of the Miami area. Tenney (1935) describes the
Ray district in a context that includes the ores at
Christmas, a porphyry district some 25 km south-
east in the Dripping Spring Mountains (see Figure
1). The porphyries at Ray span a range of K-Ar
ages between about 70.5Ma and 60.8 Ma with
mineralization reported to be of still younger but
Laramide age (Banks and others, 1972)., A similar
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span of ages has been reported in the porphyries
and ores at Christmas by Koski and Cook (1982).
These ages bracket the shorter span of time (ca.
2 m.y.) determined for the life of the porphyry
systems at Globe-Miami by Creasey (1980).

We view the effects of alteration and mineral
deposition at Ray in host rocks different from
those in other ore systems of the region. Paleo-
zoic strata are present within the Dripping Spring
Range but are absent in the proximity of the
orebody. Ores are hosted by Pinal Schist and
diabase sills (ca. 1.1 Ga) that have invaded the
Apache Group (Proterozoic) section. A conse-
quence of the mafic mineralogical and chemical
composition of the diabase is the development of
abundant biotite as a primary alteration mineral —
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in contrast to the abundance of orthoclase seen in
rocks of granitic composition elsewhere. There is,
nonetheless, a widespread, early development of
orthoclase veining in this system, reported by
Phillips and others (1974). Figure 11 shows the
zoning of sulfides and metal ratios in the primary
alteration halo at Ray; the pit limits, however,
extend across and beyond the primary zones to
include extensive enrichment of ore and exotic
copper within the Pinal Schist.

Harshaw Mining District

The Harshaw mining district lies some 120 km
by highway southeast of Tucson in the Patagonia
Mountains. The district is an old one, character-
ized up to this point in time by production of high
grade complex base and precious metals from
veins and replacement ores. At its heart lies Red
Mountain, a high and vividly colored feature
(outside of the small town of Patagonia), which is
the top of a large and very deep (ca. 1-1.5 km)
porphyry system. It is the purpose of the visit to
this site to see the surface exposures of high~level,
acid-sulfate or advanced argillic alteration,
together with a leached cap in the lithocap of an
unmined setting, and to view something of the
nature of district-wide base metal mineral set-
tings.

Trip to the Harshaw District. The route to the
Harshaw district follows the interstate highway
east from Tucson to the turnoff to Sonoita. The
road to Sonoita follows the trend of the Santa Rita
Mountains (to the west) some 50 km to Sonoita,
thence southwest 30km to the town of
Patagonia. The route via interstate to the Sonoita
turnoff traverses a part of the Sonoran Desert, to
the south of which lies the north end of the Santa
Rita Mountains; north of the highway may be seen

the metamorphic rocks of the south end of the
Rincon Mountains.

The route to Sonoita rises some 500 m and
traverses grasslands with Mesquite and scrub
Oak. (It is a curious fact that the moving picture
"Oklahoma" was filmed in this part of Arizona.)
As we departed Tucson, we paralleled, for a short
distance, the Santa Cruz River in which drainage
is to the north. As we drive to Sonoita, we move
into a part of the headwaters of the Santa Cruz
drainage which, from here, drains southward into
Mexico before turning northward to drain past
Tucson.

Drill-access roads may be seen concentrated in
two parts of the morthern end of the Santa Rita
Mountains to the north. These roads were built
during exploration of two porphyry copper systems
(Rosemont and the Copper King) during the 1960s
and 1970s. Except for small amounts of historical

high grade production, these explored orebodies
remain otherwise undeveloped in the 1980s.

The highway from Sonoita to Patagonia moves
down Sonoita Creek past a monument that
describes the site of the former Ft. Crittenden,
one of several cavalry outposts built in southern
Arizona during the mid-1880s to help contain
Apache raids in this region. Near Patagonia the
road parallels an old railroad grade from Tucson to
Patagonia, the station of which remains in the
center of the town. As we approach Patagonia,
Red Mountain may be seen directly ahead. From
Patagonia, the route follows improved dirt roads
to Red Mountain and further into the Harshaw
district growth zones are present in which Oak and
Sycamore trees abound along the Harshaw Creek
drainage.

History. This part of Arizona is rich in
frontier history that goes back more than 200
years and includes events influencing mining and
settlement of this region. The region was a site of
some of the earliest settlements by the Spanish
padres, a region where the influences of the
American Civil War played significant roles in the
history of mining and inviduals, and where the
interplay of the effects of the Indian wars resulted
in profound influences on settlement and mining.
A summary of much of this history as it relates to
mining is contained in a classic U.S. Geological
Survey Bulletin on the geology of the Santa Rita
Mountains by Schrader (1915). Other authors, such
as Hilton (1898), Hamilton (1884), and contempo-
rary historians have studied the history of the
region, providing a wealth of written material on
the subject.

A short distance west from Patagonia, across
the south end of the Santa Rita Mountains is the
old Salero mine, said to be one of the first signifi~
cant discoveries made by Jesuits in the early 18th
Century and mined intermittently over a period of
150 years for rich silver ores. Some 18 km south-
east of Patagonia lies the Mowry mine located by
an army officer in 1859, but "known long before by
the Jesuits" (Schrader, 1915, p. 296). It was closed
by events of the Civil War, visited by Pumpelly
(1863), and was an object of many mining promo-
tions.

In more contemporary terms, the Harshaw
district was a site of mining of base and precious
metal ores during the 1940s and 1950s, in opera-
tions now closed down. In the mid-1970s explora-
tion and deep drilling by the Kerr McGee Corpora-
tion resulted in discovery of deep (1200 m) primary
copper ores beneath capping and a dissected
enriched sulfide blanket under Red Mountain;
continued exploration drilling during a five-year
period revealed something of the extent of this ore
and mineralization but no specific reserve had
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been published. Beard (1986) gives some
100,000,000 tons of 0.71% copper as indicated in
annual reports by the corporation. The primary
ore is deep.

Geological summary of the Harshaw Dis-
trict. The geology of parts of the district is
summarized in several publications; Red Mountain
is described by Corn (1975), Bodnar and Beane
(1980) and Quinlan (1981). Simons (1971) describes
some of the stratigraphy of the region and has
published a map (1974) that covers the southern
part of the mineralized system.

The district, which lies at the north end of the
Patagonia Mountains, is cored by a deeply buried,
copper-bearing Laramide(?) gquartz-monzonite
complex of uncertain size and extent. It is known
mostly from drill hole data, and only informal
verbal reports of dates of about 62 Ma from
alunite give it its Laramide(?) age. This is the Red
Mountain mineralization center and the site of the
visit. A geologic map is shown in Figure 12. The
intrusion penetrates a volcanic lithocap which is
strongly fractured and bears the results of acid-
sulfate or advanced argillic alteration of a dacite-
quartz-latite, rhyolite volcanic succession. These
pre-ore volcanic rocks have been dated elsewhere
in the district by K-Ar (Simons, 1974) as about
72 Ma. Closely contiguous with the intrusion
center are a few mines that have taken complex
base and precious metal ores from veins and
replacement bodies in volcanic rocks; manganese-
silver mineralization in carbonate rocks is known
in two sites to the south. Multiple Laramide
intrusion in closely spaced centers in the
Patagonia Mountains leaves uncertain the specific
genetic relationship of the base metal mines to
any particular intrusion center, one of which lies
several kilometers south-southwest of the edge of
the Red Mountain complex.

Red Mountain is the most striking feature of
the district, standing in about 800 m of relief
above surrounding valleys and the town of
Patagonia, brightly colored from oxidized sulfides
in its cap. The system is not believed to be tilted
to any significant degree and consequently when
standing near the top of the mountain and within
the aureoles of alteration, one is standing above
the thermal center and mineralization. Virtually
all rocks exposed and seen at Red Mountain are
part of the Laramide volcanic succession. These
volcanic rocks, andesite, trachyandesite, and tuffs,
extend in outcrop for distances of several kilo-
meters north, east, south and southwest. The
northeast side of Red Mountain is cut off by a
post-ore fault.

The destructive effects of pervasive advanced
argillic alteration, coupled with destructive acid
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weathering are seen in most outcrops anc
rock identification in outcrop difficult.

the top of the system is in the upper tuff
the pyroclastic nature of this rock is so:

revealed in ghost textures. As the road t
from the valley bottom to the top of the m
stops will allow the study of the cont
alteration effects from propylitic-altered
to the silica-flooded, alunite-pyrophylite
bearing rocks in the center of the syste
increasing depth, drilling has revealed the
characteristics of "typical" deep potassic
tion characterized by orthoclase,
anhydrite, and chalcopyrite.

The return to Tucson. We will re
Patagonia and continue our drive soutk
vicinity of Nogales, at which point we -
west and then north into the Santa Cruz
and thence to Tucson. Nogales is a bor
with its twin (Nogales) in Sonora, Mexic
entry point into the United States is an ir
economic center as much of the farm prod
is grown further south in Sonora and Sinalc
here and is subsequently distributed wide
United States and Canada. In addition
years have seen the development
Magquiladoras, manufactuing plants whic
American and other manufacturers op¢
Mexican cities such as Nogales. by
American produced commodities in the la
were becoming more common in thr
American market place.

The drive north to Tucson on the ir
highway, which is also a part of the Pan-/
Highway, retraces the route down the Sa:
River believed to have been followed by t
est Spanish fathers and soldiers in the lat
The ruins of the first Spanish missions (ca.
Calabasas and Guevavi are presently ina¢
but lie only some 5-10 km north of Noga’
the Santa Cruz River, about 2 km to the ¢
will pass the old mission at Tumacaccori
town of Tubac, originally a Spanish vi
presidio.  Although visible only with d:
some of the oldest mines of this region I
western side of the Santa Rita Mountains
the highway. These mines were openec
early Jesuits, operated by them and, subs:
by the Franciscans. Hamilton (1884, p.
noted that the "Jesuit fathers were the
miners of Arizona." The earliest mining
be deciphered was -that of oxidized silx
treated by the Spanish patio processes
region through which we pass is of 1
interest because of that fact. Some 50 kr
and closer to Tucson, we again pass tt
scaped" dumps from mines of the Pima
visited on the first day, and we reenter T
its south side and return to the hotel.
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S ilver Bell Unit

DESCRIPTION 1993 INFORMATION
LOCATION EMPLOYEES
40 miles NW of Tucson 22

CURRENT STATUS
Mines and Mill on standby
since August 1984

Copper Leach - Precipitation
operations continue
1993 production:
4,811 tons of copper

Plans and Permitting are
underway to construct an
SXEW plant to produce
18,250 tons per year of
Cathode Copper

SIZE
18,400 acres

PRODUCTION CAPACITY

80,000 tons/yr copper concentrates
4,800 tons/yr copper in precipitates

22,400 tons/yr of copper total

ANNUAL PAYROLL
$899,000

ARIZONA TAXES
$416,000

HISTORY
Mine stripping began December 1951
Mill operations began March 1954

Dump Leach and copper precipitation
began March 1960

Mine and Milling operations
suspended July 1984
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2762 V. HOLLADAY
TUCSON, AZ 8574&
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Geology of the El Tiro Area

SILVER BELL MINING DISTRICT, PIMA COUNTY, ARIZONA

Frederick T. Graybeal

The Silver Bell mining district is located 35 miles northwest
of Tucson on the south side of the Silver Bell Mountains at
elevations varying from 2,500 to 3,000 ft. Recorded mining
activity began in 1865 with the discovery of an altered lime-
stone outcrop near El Tiro pit which contained up to 17 oz.
Ag and mixed copper oxides. Further exploration located
massive chalcopyrite pods in skarn which were mined until
1930. Production for the period 1865-1930 is estimated at
1,400,000 tons averaging 3.5 percent Cu.

An extensive churn drill program was started in 1909 to
investigate the possibility of disseminated copper mineraliza-
tion in the igneous rocks and resulted in the discovery of the
Oxide and El Tiro deposits, which were then submarginal.
ASARCO acquired control of the district in 1917 and did
some mining until 1930. The district was inactive until 1948,
when check drilling confirmed the existence of two separate
deposits of disseminated chalcocite ore. Production began
in 1954 at an annual rate of 18,000 tons of copper and for
the time period 1954-1977 yielded 75,655,000 tons averag-
ing 0.80 percent Cu, 0.07 oz. Ag, and 0.022 percent MoS,.
In the late 1970s some production was derived from dis-
seminated chalcopyrite in skarn in the eastern portion of
El Tiro pit.

The first geologic study of the Silver Bell district was by
Stewart (1912). This was followed by Kingsbury and others
(1941), who mapped the El Tiro-Oxide area in detail; Rich-
ard and Courtright (1966), who published the only general
study of the geology and mineralization in the Silver Bell
district; Kerr (1951), who studied hydrothermal altera-
tion; Watson (1964), who studied the Mesozoic stratigraphy
and structure in the area east of the pits; Cummings (1973),
who made the first attempt to define hypogene zoning
patterns; and Davis (1977), who mapped the North Silver
Bell area.

About 1970 mining reached the base of the chalcocite
blanket and it became possible to study hypogene mineral
assemblages previously masked by strong supergene altera-
tion. It is the purpose of this chapter to report and interpret
data on these assemblages with respect to modern concepts
of porphyry copper zoning and genesis. The study is re-
stricted to the El Tiro area (Fig. 24.1), which forms a center
of mineralization separate from the Oxide area. Emphasis is
on the entire hydrothermal system rather than geology
within the pit walls. The El Tiro area was selected because
of the abundance of exposures below the chalcocite blanket
where hypogene patterns are best preserved. The data are
primarily the result of detailed field mapping at scales larger
than 1 in. = 1,000 ft. supplemented by chemical analyses and
petrographic studies.

GENERAL GEOLOGY

Rocks which vary in age from Precambrian to Recent
are exposed in the Silver Bell Mountains. These rocks are cut
by an elongate zone of pyritic mineralization more than 8
miles long, which varies from 200 ft. to 2 miles wide. East of
Oxide pit the pyrite zone is linear, with a strike of N80°W.
In the El Tiro area the pyrite zone strikes N5°W. Although
sulfide mineralization is continuous, the pyrite zone is very
narrow between the two pits, and it is clear that two separate
centers of mineralization are present. Control of the minerali-
zation is attributed by Richard and Courtright (1966) to a
well-developed fault zone. Northeast of the fault zone Paleo-
zoic sedimentary rocks and Mesozoic volcanic and minor
clastic rocks form a gently northeast-dipping homocline.
Southwest of the fault zone Mesozoic clastic rocks are in-
truded by a large pluton of alaskite, and volcanic rocks are
mostly absent. Dikes, sills, and small stocks of quartz
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which have been interpreted as faults may instead be frac-
tures along which large blocks have been pulled apart during
emplacement of the dacite.

Mesozoic
Clastic rocks are exposed in the southwestern corner of
the area mapped in Figure 24.2. They consist of well-sorted

glomerate units, all varying in color from buff to maroon.
They generally dip 20 to 40° SW and are locally contorted
where cut by later igneous rocks.

Alaskite underlies the western half of the El Tiro altera-
tion zone. It is a buff-colored, medium- to coarse-grained,
generally equigranular intrusive rock which contains 25 per-
cent quartz, 54 percent weakly perthitic orthoclase, 18 per-
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of other, earlier assemblages. The overall extent of phyllic
alteration at Silver Bell is clearly less than had been previous-
ly thought.

Zoning of sulfide mineralization in the El Tiro area fol-
lows the general pattern seen in porphyry copper deposits
(Lowell and Guilbert, 1970). Within the El Tiro and North
Silver Bell stocks the pyrite:chalcopyrite ratio is less than 3:1

and it increases outward to greater than 50:1 in the propylitic
zone. Hypogene copper grades in silicate rocks are centered
on the El Tiro, Daisy, and North Silver Bell stocks and in
dikes near the contact of the Imperial stock and decrease
rapidly outward as shown on Figure 24.6. The distribution
of molybdenum at the +25 ppm contour is very similar to the
distribution of 0.1 percent Cu. Highest Mo values occur as
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a halo around areas of highest copper and vein biotite and
coincide with areas of most abundant vein-related K-feld-
spar. Zinc is most abundant in the skarns outside the 0.5
percent Cu contour line. The disseminated:vein ratio for
sulfides is greatest in the areas of highest-grade chalcopyrite

(2:1) and decreases outward with discontinuities at the dacite
and the alaskite contacts. Total sulfide contents are generally
highest where the phyllic assemblage is superimposed on the
potassic assemblage in areas adjacent to, but not coincident
with, areas of highest-grade hypogene copper mineralization.
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CALDERA VOLCANISM AND PORPHYRY COPPER MINERALIZATION AT SILVER BELL, ARIZONA

David A, Sawyer (1,2) and Peter W. Lipman (2)
(1) Dept. of Geological Sciences, Univ. of Calif., Santa Barbara, CA 93106

(2) U.S. Geological Survey, MS 913, Box 25046, Denver, CO 80225

Silicic magmatism related to caldera formation is closely associated in
time and space with the Late Cretaceous porphyry copper deposit at Silver
Bell, Arizona. Detailed geologic mapping, geochronology, and petrologic and
geochemical studies have shown an intimate relationship of porphyry copper
progenitor plutons with coeval caldera volcanism. This finding refutes
commonly accepted models for porphyry copper genesis and suggests that signif-
icant copper mineral resources may be associated with silicic volcanic rocks

erupted from calderas.

Regional setting: The Silver Bell Mountains are located in south-central

Arizona, about 60 km northwest of Tucson (fig. 1). This part of the State is
in the Basin and Range province, a product of late Cenozoic extension. This
" is but the latest of a complex series of geologic events that are recorded in
the bedrock geology of the region. Major crust formation took place at about
1.7 b.y., with widespread intrusion of anorogenic granites at 1.4 b.y.
Cratonic platform sedimentation during the Paleozoic is recorded in 1-2 km
sections(dominated by carbonates. During the early and mid-Mesozoic, several
episodes of volcanism and continental sedimentation occurred. In Late Creta-
ceous and early Tertiary (Laramide) time, widespread magmatic activity was
closely associated with formation of many porphyry copper deposits (PCD here-
after). Another episode of andesitic to silicic volcanism in the mid-Tertiary

was closely followed by regional crustal extension. All these geologic
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episodes are represented in the geologic record of the Silver Bell Mountains,
but the focus of this discussion will be on the Late Cretaceous magmatic
actiVity and its relation to PC mineralization.

Cretaceous magmatism: Igneous activity at Silver Bell began in the

latest Cretaceous following mid-Cretaceous continental sedimentation and minor
local volcanism. At 73 m.y., as indicated by U/Pb dating of zircon, these
earlier Mesozoic deposits were intruded by the El Tiro biotite granite. It is
an alkali granite to syenogranite with coarse perthitic potassium feldspar and
2-3 percent biotite. Shortly thereafter, the lithic tuff of Confidence Peak
was erupted and faulted against the biotite granite during caldera collapse.
The lithic tuff is a low-silica rhyolite tuff with 35-40 percent phenocrysts
of quartz, plagioclasé, and biotite. It has an exposed thickness of at least
1.5 km, and its base has not been encountererd in several deep drill holes.

It is oéerlain depositionally by moat-filling sediments of the Claflin Ranch
Formation, a sequence dominantly made up of debris flows, volcaniclastic
sediqgnts and nonwelded tuffs. Extrusion of the post-collapse Silver Bell
volc;nics as lavas, domes, and breccias followed; theée rocks are
compositionally dacites and andesites, containing phenocrysts of plagioclase
and biotite along with minor quartz, amphibole, and pyroxeﬁe. The volcanic
séquence is capped by the Mount Lord tuff, a high-silica rhyolite that may
have a source outside the Silver Bell Mountains. The final igneous event

during this late Cretaceous magmatic episode was the emplacement of a suite of

plutons ranging from monzodiorite to monzogranite in composition, that were
hosts to PC mineralization.

Mineralization: Porphyry copper mineralization in the Silver Bell mining

district occurs at two main centers: the Oxide pit and, 4 km to the northwest

of it, the El Tiro pit (fig. 1). The first of the suite of PC-related intru-



sions were monzodiorite porphyries (syenodiorite pofphyry in the
literature). These are fairly mafic (55-59 percent Si0z) intrusions contain-
ing 50-70 percent plagioclase, biotite, and pyroxene. They were closely
followed in time by plutons, ranging from quartz monzodiorite porphyry to
monzogranite in modal composition, that were the main progenitors to PC
mineralization. This suite is dated by an ummineralized pluton of the same
composition at 68.6 by K/Aron biotite (Mauger, 1966). This brackets the
entire Late Cretaceous magmatic activity as between 73 m.y. and 68.6 m.y.,
because dikes from the quartz monzodiorite porphyry suite cut the entire
volcanic section.

Mineralization and alteration at Silver Bell takes several forms
(Gyaybeal, 1982). Hypogene potassic alteration in the quartz monzodibrite
porphyries consists of biotite-chalcopyrite-quartz-pyrite and quartz-molybde-
nite-potassium-feldspar stockwork veins and veinlets. Phyllic and propylitic
alteration extend into the wall rocks of the plutons. Skarn mineralization
and alteration is well developed in the Paleozoic sedimentary blocks enveloped
by the lithic tuff, and carries the highest grade hypogene mineralization as
- chalcopyrite-pyrite replacement masses. Supergene secondary enrichment formed
a chalcocite blanket which has provided most of the economic mineralization
exploited by open-pit mining. Production of copper at Silver Bell began in
the late 1800's and continued through the 1920's, mostly mining high-grade
skarn ore. In 1954 ASARCO began open-pit mining at both the Oxide and El Tiro
pits, and it has continued mining nearly continuously until 1984 when the mine
shut down due to depressed market conditioné. Total production to date has

been approximately 90 million tons of ore averaging 0.80 percent Cu and 0.022

percent Mo (Graybeal, 1982).

Caldera Volcanism: Several lines of evidence support the occurence of




caldera volcanism at Silver Bell coeval with PC mineralization. . The great
thickness of thé lithic tuff of Confidence Peak (more than 1.5 km thick) is
generally rcognized as a charateristic of ponding of the erupting tuff within
a concurrently subsiding caldera (Lipman, 1984). In contrast, equivalent
outflow tuffs in the western Silver Bell Mountains are airfall and weakly
welded tuffs less than 200 m in thickness. Paleozoic sediments occur as
stucturally chaotic blocks up to 0.5 km in length and completely enclosed by
lithic tuff; these are interpreted as caldera collapse megabreccia resulting
from gravitational failure of oversteepened caldera walls. Similar collapse
breccias are knoﬁn from many youngér, deeply eroded calderas (Lipman, 1984).
The caldera margin is a well-defined, nearly arcuate zone extending 150 along
the S side of the Silver Bell Mountains. The eastern boundary of the caldera
is poorly constrained due to alluvial cover, but local pediment exposures of
the int;acaldera tuff on the eastern side of the range indicate a minimum
diameter of 14 km for the caldera. While the structural boundary of the
caldqra is grossly arcuate, in detail it is the intersection of several pre-
exisging linear structures re-activated during caldera collapse. Mineralized
. Plutons of the quartz monzodiorite porphyry suite are localized along this
ring-fracture zone, particularly at the intersection of these older
stuctures. These may represent structurally favorable zones where the subja-
cent magma chmaber intruded up to shallower levels. These relations document
the close spatial and structural association of PC intrusion and mineraliza-
tion with caldera volcanism.

Geochemistry: The geochemical relation of volcanic rocks to PC plutons

have been addressed using the detailed stratigraphy developed during geologic

mapping as a guide to sampling. Careful sampling of least altered parts of

each of the major rock units has revealed meaningful petrologic variation in



these Late Cretaceous volcanic rocks, which are no more altered than many mid-

Tertiary volcanic rocks from the western United States. Volcanic and plutonic
rocks at Silver Bell are calc-alkaline (based on AFM and FeO*/MgO vs. Si02

variation diagrams), as is typical of the products of arc magmatism. They are
all high-K andesites, dacites, and rhyolites with relative volumes of 10:30:60
respectively. Titanium and the high field strength elements (Y, Nb, Ta) are
low, as is common in magmas erupted from convergent plate margins.

The comagmatic nature of volcanic and plutonic rocks at Silver Bell is
supported by several aspects of their chemistry. Major-element mass-balance
calculations, using Stormer and Nicholls (1978) XLFRAC program, show that the
major volcanic units and and PC-related plutons can be related by modest
amounts of crystal fractionation. Only 5-20% fractionation of the common
phases plagiociase, clinopyroxene, amphibole, and magnetite are needed, and
good agreement is indicated by very low residuals. Rare-earth-element data
are consistent with the comagmatic derviation of of the lithic tuff, Silver
Bell ¥olcanics, and quartz monzodiorite suite relted to PC mineralization.

REE patterns (fig. 3) all have strong LREE/HREE fractionation and little or no
" europium anomaly. The lower HREE of the PC-related plutons could be caused by
amphibole fractiona;ion removing middle and heavy REE. In plots of Rb/Sr vs.
Sr, a steep curvature of the data suggest significant assimilation in addition |
to crystal fractionation. This is consistent with the crustal assimilation
indicated by published isotopic analyses of initial Sr ratios (.7096-.7111)
and epsilon Nd values of -8 (Mauger, 1966; Farmer and DePaolo, 1984). .

Discussion: Porphyry copper mineralization is widely appreciated to occur
in subvolcanic environments; the question is, what kind of volcanism? The type
of volcanism is largely dependent on the the tectonic setting of the magmatic

activity. Many currently popular models (Sillitoe, 1973, 1980) are based on



well-studied examples of PCD associated with young, oceanic volcanic arcs such
as those in the SW Pacific (Gustafson and Titley, 1978). Volcanic rocks
relafed to these PCD are most often andesitic, but volcanic rocks associated
with PCD in continental arcs can be considerably more silicic, as at El
Salvador, Chile (Gustafson and Hunt, 1975; Francis et al., 1983). In contin-
ental volcanic arcs, the chemistryrof magnas is related to the the type of
continental crust and the chemical processes that take place in the crust.
Style of volcanic activity is a function of the chemistry of the erupted
magma, and PC mineralization does not seem to be restricted to any one
compositional range of magmas.

Based on the evidence presented above, southern Arizona is a continental
volcanic arc province and a good place to examine the relationship between PC
mineralization and calderas. Late Cretaceous magmatism was clearly calc-
alkaliné and arc-related; based on their chemistry, these magmas have also
interacted with continental crust. As a result, the chemistry of the volcanic
rocks;is dominantly silicic, with large volumes of rhyolite, dacite, and
andeéite, with little basalt. There is growing evidence that late Cretaceoﬁs
. calderas are widespread in southern Arizona. Lipman and Sawyer (1985) have
identified 10-12 late Cretaceous caldera fragments based on reconnaissance
mapping using the criteria of thick accumulations of intracaldera tuff,
caldera collapse megabreccia, and marginal granitic intrusions. Close
associations of PCD with calderas seem likely at Silver Bell, Sierrita, Ajo,
Hillsboro, and at well-known PC prospects such as Copper Creek, Red Mountain,
Tombstone-Robbers Roost, Gleeson-Courtland, and the Tucson Mountains. Perhaps
other PCD are caldera-related but have been eroded so deeply to remove the

volcanic suprastructure necessary for identification.

Level of erosion may be a controlling factor on the type of mineraliza-



tion observed to be associated with calderas. In shallowly erodéd.calderé
fielgs such as the Oliogocene San Juan volcanic field of Colorado, the domi-
nant mineralization is epithermal base and precious-metal veins (Steven

et al., 1974). If we were to see deeper into the roots of the San Juan
calderas, porphyry Cu or Mo mineralization might be encountered. Southern
Arizona may be an analog for this level of erosion into a major caldera
field. Deeper levels in magmatic systems such as those bearing W mineraliza-
tion (Newberry and Einaudi, 1981) or batholithic PCD may not have vented.

That there is an intimate spatial and temporal association of PC
mineralization with continental arc volcanism is irrefutable. Many details of
the relationship still remain to be worked out: (1) Temporal relationships:
more accurate means of dating igneous events are needed, particularly for the
late Cretaceous of Arizona. In other caldera fields mineralization may post-
date the caldera cycle by several million years (Steven et al., 1974). The
K/Ar method, as widely applied, has essentially failed to discriminate igneous
emplatement ages within this age range. Rb/Sr and U/Pb dating have been
successfully applied in some cases with a great deal of effort, but also have
" drawbacks. Perhaps incremental release 40/39 Ar will help resolve some of the
detailed geochronologic problems. (2) Basic geologic mapping using modern
volcanological concepts: Although one calderavclosely associated with PC
mineralization has been identified (Silver Bell), much stratigraphic work
needs to be done to resolve individual ash-flow cooling umnits, correlate them
regionally, and relate them to source areas. In strongly altered and mineral-
ized areas, application of these concepts may help elucidate the structural
controls of ore mineralization. Many pyroclastic matrix “breccia pipes" with
poorly constrained margins, that often have been used as guides to mineraliza-

tion, could be caldera collapse megabreccia. (3) Petrologic-geochemical: are



‘the PC plutons comagmatic with the associated volcanic rocks? This question

needs all the petrologic and geochemical tools we have to bring to bear on the

problem of their petrogenesis. Detailed study of the chemistry of well-
constrained evolutionary sequences in conjunction with the above approaches
may bring better understanding of the processes leading to PC formation, as

well as illuminating the general links between magmatism and mineralization.
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MESOZOIC ASH-FLOW CALDERA FRAGMENTS IN SOUTHEASTERN ARIZONA

AND THEIR RELATION TO PORPHEYRY COPPER DEPOSITS
Peter W. Lipman and David A. Sawyer, U.S. Geological Survey, Denver, CC 80225
ABSTRACT

Jurassic and Upper Cretaceous volcanié and associated granitic rocks in SE
Arizona are remnants of large composite silicic volcanic fields, characterized
by voluminous ash~-flow tuffs and associated calderas. Presence of 10-15 large
caldera fragments is inferred primarily from: (1) ash-flow deposits more than
1 km thick, with features of intracaldera ponding; (2) "exotic-block" breccias
within a tuff matrix, interpreted as caldera-collapse megabreccias; and (3)
local granitic intrusions along arcuate structural boundaries of the thick
volcanic sequences. These Mesozoic caldera~related rocks are remnants of a
typical cratonic volcanic arc. Several major porphyry copper deposits are
associated with late granitic intrusioms within the calderas or along their
margiﬁ;.

Recent concepts concerning caldera formétion and silicic volcanism,
developed by volcanologists investigating igneous processes in little-eroded
or active volcanoes, can provide new insights in interpreting the altered
eroded roots of Mesozolc volcanoes associated with mineral deposits in SE
Arizona (Fig. 1). Calderas associated with large ash-flow eruptions
characterisfically begin to subside concurrently with the pyroclastic
eruptions, causing iIntracaldera ponding of tuff to thicknesses aﬁ order of
magnitude greater than in the associated outflow sheet (Lipman, 1984).
Oversteepening of caldera walls during subsidence produces landslide
megabreccias that interfinger with the concurrently accumulating intracaldera

tuff. 1In contrast, lithic fragments larger than a few cm across are unknown
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withi:n regional outflow ash-flow sheets. Thus, kilometer-plus 'thicknesses of
ash-flow tuff, associated with megabreccia, are indicators of caldera-fill
assemblages.

In many subvolcanic settings, silicic magma overlies intermediate-
composition magma within vertically zoned chambers (Smith, 1979; Hildreth,
1981). Eruption of silicic magma as ash-flow tuff, accompanied by caldera
collapse, is common late in the evolution of volcanic fields that earlier
erupted intermediate-composition magma as lava and breccia. 1In several
Tertiary calderas in the western U.S., exposed batholithic granitic rocks can
be shown by geochemical and geochronologic evidence to represent the
consolidated magma chambers into which the associated ash—-flow caldera had
subsided earlier (Lipman, 1984). Before completely crystallizing, such
subvolcanic magma bodies commonly rose into lower parts of their cogenetic
volcanic ejecta, especially along caldera ring faults. Similar relations are
believed common in the Mesozoic ign§0us terranes of SE Arizona.

Southern Arizona and adjacent areas constitute one of the largest porphyry
Cu provinces in the world (Titley, 1982). Most of these deposits are
associated with Late Cretaceous—Early Tertiary intrusions; related volcanic
rocks, ranging in composition from andesite to silicic rhyolite (Hayes and
Drewes, 1978), record the development of a continental-margin volcanic arc.
In most models for the origin of porphyry Cu deposits, copper mineralization
has been regarded as associated with the roots of andesitic volcanoes
(Sillitoe, 1973; Branch, 1976), or to intrusions that did not vent at all.
Silicic magmatism has commonly been considered unrelated to Cu mineralization,
in contrast to its generally recognized association with porphyry Mo systems.

Recognition of primary large-scale volcanic features in mineralized SE

Arizona rocks has been complicated by hypogene alteration and multiple
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structural complexities including Laramide compressive deformation, mid-
Tertiary low-angle extensional faulting, and late Cenozoic block faulting.
More than half the pre-Cenozoic bedrock is covered (Fig. 1), and only
fragments of calderas are exposed. The resolution of K-Ar and fission-track
methods to separate closely spaced events at many centers has been limited by
the effects of high geothermal gradients or later episodic heating. The SE
Arizona igneous rocks also contain remarkable structural and stratigraphic
features, for which various hypotheses have been proposed in the past,
including widespread "intrusive pyroclastic phenomena" (Watsom, 1968),
regional "exotic-block" breccias (Simons and others, 1966), and the concept of
“yolcanic orogeny" (Mayo, 1963). Because analogs for these inferred processes
have not been recognized in active volcanic regions, many of the observations
are open to reinterpretation.

Our interpretations are based on detailed study of one area (Silver Bell
Mtnsy), supplemented by field reconnaissance of areas mapped and dated by
others. We especially acknowledge the prolific mapping of John Cooper, Harald
Drewes, Philip Hayes, and Frank‘Simons; the geochronology generated by Paul
Damon, M. Shafiqullah, and Richard Marvin; and the detailed investigations of
porphyry Cu deposits in volumes edited by Spencer Titley. Except where noted,
all isotopic ages are from Marvin and others (1978).

CALDERA FRAGMENTS

éix Late Cretaceous—early Tertiary (Laramide) calderas have been
identified and five more tentatively recognized in the porphyry Cu belt of SE
Arizona and SW New Mexico.

Silver Bell Mountains
The Silver Bell area has long been known as a key site where Upper

Cretaceous volcanic rocks are associated with porphyry Cu mineralization
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(Richard and Courtright, 1966). Detailed mapping by Watson (1968) led to
intefbretation of one major unit, the "dacite porphyry," as a sill-like
pyroclastic intrusion 8 km in length and at least 1 km thick.

Intrigued and puzzled by this unorthodox interpretation, we have restudied
the field and petrologic relations (Sawyer and Lipman, 1983; Sawyer, 1985) and
have found that the "dacite porphyry" is a thick intracaldera welded tuff of
low-silica rhyolite (Fig. 2A). This unit, redesignated the lithic tuff,
becomes nonwelded toward its upper contact, and is conformably overlain by
volcaniclastic sedimentary rocks (Claflin Ranch Fm.) that contain fragments of
the lithic tuff, proving its extrusive origin. Large blocks of Paleozoic
limestone, envelopgd by lithic tuff that was conéidered by Watson to be
intrusive, are interpreted by us as cgldera—collapse megabreccia. The Silver
Bell caldera was further filled by andesitic and dacitic flows (Silver Bell
Fﬁ), and by welded Mount Lord Tuff, perhaps erupted from another source. Late

ring-fault intrusions of quartz monzodiorite to monzogranite host the porphyry
Cu mineralization. New U/Pb-dating of zircon indicates that the entire
igneous and mineralization sequence occurred between 73 and 69 Ma. This narrow
age range, together with petrologic data, suggests that the mineralized
intrusions are comagmatic with the lithic tuff and repreéent upper parts of
the consolidated magma chamber into which the Silver. Bell caldera collapsed.

Our study of the Silver Bell area links, for the first time, a silicic
Mesozoic magmatic system, displaying voluminous ash-flow volcanism and
associated caldera collapse, to a major Arizona porphyry Cu deposit. These
results provide a conceptual framework for reconnaissance of relations between
Mesozoic ash-flow magmatism and mineralization in adjacent areas.
Southern Sierrita Mountains

Along the SE Sierrita Mountains, large porphyry Cu deposits of the Pima
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district are associated with late intrusive phases of the batholithic 58—61-Ma
Ruby étar CGranodiorite (Cooper, 1973; Titley, 1982); In the southern Sierrita
Mountains (Fig. 2B), a thick Mesozoic volcanic sequence, intruded and altered

by the Ruby Star, is capped by the Upper Cretaceous Red Boy Rhyolite, a welded
tuff at least 300 m thick with its top eroded.

Unusual contact relations between the Red Boy and underlying Upper
Cretaceous Demetrie Volcanics indicate that this welded tuff constitutes
remnants of thick caldera fill, probably involving collapse into a magma body
represented by thé Ruby Star Granodiorite. The Demetrie beneath the Red Boy
Rhyolite is lithologically and stratigraphically chaotic andesitic breccia,
containing irregular matrix of rhyolitic tuff that is in places continuous
into the overlying Red Boy. These contacts, considered locally intrusive by
Cooper (1971), are interpreted by us as a gradational boundary between
caldera-collapse breccia and intracaldera tuff. 1Isolated andesitic
megabreccia blocks of Demetrie lithology, some several tens of meters across,
also occur locally higher within the main Red Boy Rhyolite. The distribution
of the Red Boy and associated Demetrie breccia suggest a remnant of the west
topographic wall and fill of a Sierrita caldera, with the older Mesozoic

volcanic rocks to the east perhaps representing resurgently uplifted caldera

floor (Fig. 2B). .Onlap of the Red Boy to the west, against older volcanic
rocks without inter&ening Demetrie, requires £he brecciated Demetrie to have
been deposited in a depression. 1In contrast to the chaotic andesite breccia
beneath and within the Red Boy, Demetrie Volcanics mapped~farther east are
stratigraphically coherent and may represent another part of the Sierrita -
caldera floor (Fig. 2B). Thus, in the Sierrita Mountains, as at Silver Bell,
major porphyry Cu deposits are associated with late intrusions related to a

large silicic caldera.




Southwestern Santa Rita Mountains

The Upper Cretaceous Salero Formétion was described as a stratified
volcanic éequence as much as 800 m thick, containing exotic blocks, and
burying rugged erosional topography on Jurassic granite (Drewes, 1971b; Simons
and others, 1966). We have found that the bulk of the Salero (lower-andesite,
exotic-block, and 72-Ma welded-tuff members of Drewes) constitutes a single
intergradational deposit, several kilometers thick, containiné blocks of
varying size and lithology in a welded tuff matrix (Fig. 2C). Andesitic
blocks are dominant in the lower part (lower-andesite member); blocks higher
in the sequence (exotic-block member) include Cretaceous andesite, Jurassic
welded tuff, and Jurassic granite; and yet higher larger blocks, some 1 km
across, are internally shattered Jurassic granite surrounded by welded tuff.
There blocks were interpreted as buried hills (Drewes, 1971b), but welding

foliation in the Salero tuff projects gently beneath such blocks, and exposed

.

,cont;cts disclose tuff underlying granite.

We interpret this thick Salero succession as caldera £ill, in which the
changing lithologies of the enclosed blocks reflects progressively lower rocks
on the caldera wall. Steep deﬁositional contacts of Salero rocks to the
northeast against older granite, includihg fossil talus deposits in tuffaceous
matrix, are interpreted as remnants of the original topographic caldera wall
(Fig. 2C). This caldera-wall granite, previously interpreted as a younger

intrusion cutting the Salero deposits, closely resembles nearby Jurassic

~granite. Undoubted Upper Cretaceous granitic rocks (Josephine Diorite,

Elephant Head Quartz Monzonite) along north and east sides of the proposed
Santa Rita caldera probably are ring intrusions and constitute upper parts of
the magma body into which the caldera subsided. Southwest of the Salero

exposures, the shape of the Santa Rita caldera is obscured by younger rocks.
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Although economic porphyry Cu mineralization has not been identified in the SW

Sant;.Rita Mountains, base— and precious-metal veins are widespread (Drewes,
1971a), and the potential for concealed mineralization seems high.
Tombstone-Charleston area

The Uncle Sam Porphyry, considered intrusive rhyolite by Gilluly (1956),
was identified as a 74-Ma welded tuff by Drewes (1971b, p. 75). Our
observations (Fig. 2D) confirm previous brief suggestions of a possible

Cretaceous caldera in this area (Drewes, 1980, section D-D’; J. A. Briscoe,
written commun., 1982). The Tombstone-Charleston area contains a little
deformed caldera-fill assemblage 15x20 km across, including intracaldera Uncle
Sam tuff and associated collapse breccia, intruded by the 76-Ma Schieffelin
Granodiorite. Exposed granodiorite is inferred to con;titute a ring-fault
intrusion, representing upper parts of a larger magma body cogenetic with the
caldera-forming tuff. Southwest of Tombstone, the Uncle Sam "Porphyry"
enclgges variably rotated megabreccia blocks of Lower Cretaceous sedimentary
rocks; the tuff is at least 1 km thick, with no base exposed and the top

- eroded. Northwest of Charleston, gently dipping Uncle Sam tuff abruptly
thickens to the east, truncates an older ash-flow sheet, and farther east
becomes the matrix of compositionally diverse blocks of lava tens of meters
across. These features are interpreted to mark the western topographic wall
of the Tombstone caldera. Northeast of Charleston, within the inferred
caldera, gently dipping Uncle Sam tuff directly overlies shattered
monolithologic breccia of a welded tuff that resembles Jurassic units in
adjacent mountains; this breccia is interpreted as Cretaceous intracaldera
landslide debris. The productive Ag~Pb-Zn-Cu veins of the Tombstone district
are along the northeast caldera margin, and porphyry Cu-type alteration is
locally strong within the caldera Newell, 1974).
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Dos Cabezas Mountains
Cretaceous volcanic rocks in the northern Dos Cabezas Mountains were

recognized as fragmental pyroclastic breccias by Erickson (1968), who

.considered them to be intrusive. The area has been restudied by Drewes and

others (in press), who interpreted the pyroclastic breccias as partly
intrusive, partly extrusive, and perhaps related to caldera subsidence. We
interpret the entire pyroclastic assemblage as an eruptive caldera-£fill
sequence at least 3-4 km thick and dipping homoclinally SW, as indicated by

compaction foliation. The sequence is relativély lithic-poor welded tuff in

its lower part; fragments increase in size and abundance upward, but the upper

part is again lithic-poor tuff. At least part of a mapped rhyolite “"ring
dike" (Drewes and others, in press) is concordant lithic-poor densely welded
tuff low in the caldera-fill sequence. Several areas mapped by Drewes as
intrusive breccia are semi-concordant lithic-rich horizons gradiationally
withif homoclinal caldera fill. Mineralized rock is associated with several
Cretaceous granitic intrusions into the intracaldera tuff and breccia, ﬁut
assessment of the mineral potential would bengfit from improved geneétic
understanding of the volcanic rocks.
Tucson Mountains

The "Tucson Mountain Chaos" contaiﬁs sedimentary and volcanic blocks tens
of meters across, set in a pyroclastic matrix, and ascribed to diverse
tectonic and igneous processes (Mayo, 1963). The '"Chaos" underlies the Upper
Cretaceous Cat Mountain Rhyolite (72 Ma), a welded tuff at least 300-400 m
thick. Much of the matrix of the "Chaos" is petrographically similar to

weakly welded Cat Mountain, and the contact between these units is locally

gradational. A caldera-collapse breccia origin has been inferred previously
for the "Chaos" (Lipman, 1976, p. 1409), and we interpret the entire central
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and southern Tucson Mountains to be remnants of the f£ill and floor of a large
Late‘Cretaceous caldera that was the source of the Cat Mountain Rhyolite.
Caldera boundaries to the east and west are under adjacent valley fill, but
the 73-Ma Amole pluton in the northern Tucson Mountains is interpreted as a
caldera-margin intrusion. Several porphyry Cu prospects have been identified
in the Tucson Mountains, although none have been developed.

Other probable Late Cretaceous caldera fragments

Hillsboro, NM: A nearly circular exposure of Upper Cretaceous andesite 5-

6 km across, within which is centered the 72-Ma Copper Flat Quartz Monzonite
and associated porphyry Cu deposits, was interpreted as a small caldera by
Dunn (1982). WNo Cretaceous ash-flow tuff is preserved as regional outflow,
but quartz-bearing tuff breccia occurs locally within the exposed andesite and
also was encountered during exploratory drilling (Dunn, 1982). The presence
of this tuff, and the lack of stratigraphy in the thick intracaldera andesite
(base not penetrated in a 900-m drill hole), suggest that the Copper Flat
caldera may have been a source of ash~flow eruptions whose outflow deposits
have been completely eroded. The intracaldera andesite may be collapse
breccia, as suggested by the intermixed tuff. This caldera, though smaller
than many ash-flow calderas, is similar in size to Cratef Lake, Oregon, 1if
structural margiﬁs are compared. |

Courtland-Gleason: The Sugarloaf Quartz Latite, discontilnuocusly exposed

in the SE Dragoon Mountains, was recognized as pyroclastic by Gilluly (1956)
and dated at 75 Ma at its type locality (Drewes, 1971b). There, it is
relatively unaltered quartz latite welded tuff several hundred meters thick,
with no depositional top exposed. 1In the adjacent Courtland mining district,
which contains porphyry Cu mineralization (D. Nortom, oral commun., 1984),
altered rhyolitic tuff correlated with the Sugarloaf by Gilluly contains map-
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scale megabreccia blocks of Paleozoic sediments (Drewes, 1981, pl. 4). 1f

Gilluly’s correlation is valid, the thickness of the Sugarloaf Quartz Latite

and its enclosed blocks make it an attractive candidate for caldera fill,
associated in space and time with porphyry Cu mineralization.

Ajo: The 63-Ma Cornelia Quartz Monzonite, host to the porphyry Cu system
at Ajo, intrudes the Cretaceous Concentrator Volcanics, an assemblage of
andesitic flows, breccia, and rhyolitic tuff. Stratigraphic relations are
obscure among these rocks, which are likely more than 1,000 m thick, with
neither base nor top exposed; In places, the tuff forms‘matrix surrounding
and veining irregular masses of andesite (Watson, 1968),.suggesting a deeply
eroded caldera-collapse breccia.

Red Mountain (Patagonia Mtns.): Intense hydrothermal alteration obscures

the origin of Upper Cretaceous-Lower Tertiary tuffaceous silicic rocks at

least 1 km thick overlying a major porphyry copper system at Red Mountain.

L

Prese}vation in a small (5-km diameter) caldera seems possible (Corn, 1975).

Central Galiuro Mountains: 1In the Copper Creek area, features of the

Upper Cretaceous Glory Hole Volcanics (Simons, 1964) suggest a caldera-fill
assemblage, intruded by the 68-Ma Copper Creek Granodiorite which generated a

porphyry Cu system. The Glory Hole Volcanics are described as a chaotic

assemblage of ash-flow tuff and andesitic breccia more than 500 m thick,

without depositional base or top exposed; pyroclastic rocks are dominant and

tuffaceous breccia abundant. Mappable Paleozoic rocks, interpreted as later
landslide deposits (Krieger, 1968) but locally enclosed within the Glory Hole
Volcanics, could be synvolcanic megabreccia related to caldera collapse.

Jurassic caldera fragments
The Cretaceous pyroclastic rocks and associated caldera fragments Just

summarized overlie tectonically disrupted remnants of Jurassic arc volcanics
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that also display local evidence of ash-flow and caldera origin. Little

. mineralization has been reported from these rocks, but association of the
porphyry Cu deposit at Bisbee with a Jurassic intrusion suggests additional
potential in Jurassic rocks.

Canelo Hills: A phenocryst-rich Jurassic welded tuff at least 2 km thick

(Simons, 1972; Kluth, 1983), enclosing "exotic-block" breccias of Paleozoic
limestone aﬁd sandstone, resembles younger caldera-fill deposits. A lower
major volcanic unit, the "rhyolite lava" member, also contains abundant
megabreccia blocks (Hayes and Raup, 1968; Simons and others, 1966). Although
these rocks are mostly contorted and flow layered, relict welded-tuff textures
preserved.adjacent to contacts with Paleozoic blocks demonstrate that thé
rhyolite is rheomorphic welded tuff. Such large-scale rheomorphism of tuff
likely requires oyersteepening of the land surface during deposition, events
especially common in proximity to caldera walls (Lipman, 1984). Both the
rhyolite member and the welded tuff mémber are likely fragments of Jurassic
cald;;a fills.

Huachuca Mountains: Finely porphyritic welded tuff, containing abundant

large masses (up to 1.5 km) of Paleozolc sedimentary rocks, is as much as
1,300 m thick over an area about 15 km across in the southern Huachuca
Mountains (Hayes and Raup, 1968). These rocks, which are lithologically
distinct-from the Canelo Hills volcanics, are accordingly interpreted as
another dismembered Mesozoic caldera-fill sequence, probably cogenetic with
the 167-Ma Huachuca Quartz Monzonite which intrudes the tuff.

Pajarito Mountains: Thick Jurrasic welded tuff, that depositionally

underlies Lower Cretaceous sedimentary rocks (N. Riggs, oral commun., 1985),
is also a probable caldera-fill fragment. These rocks were interpreted as
Upper Cretaceous, partly intrusive, and possibly related to a caldera by

11
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Drewes (1980, section D-D”; 1981)

Other areas: Kilometer-plus-thick Jurassic pyroclastic sequences in the
Patagonia and Santa Rita Mountains, locally containing "exotic blocks" (Simons
and others, 1966; Drewes, 1971b) are additional probable fragments of Mesozoic
caldera fills.

DISCUSSION

Mesozoic volcanic and associated granitic rocks in SE Arizona and adjacent
areas are interpreted as remnants of large composite silicic volcanic fields,
characterized by voluminous ash-flow eruptions and large calderas, that have
been dismembered by Basin-Range and older structures, covered by younger
rocks, and dissected by erosion. Regionally, the Mesozoic volcanic sequences
include intermediate-composition lavas and breccias, overlain by ash-flow
tuffs, and cut by granitic intrusions.

At least 10 latest Cretaceous—early Tertiary (Laramide) calderas have been
fdentified within a région of about 20,000 kmZ (Fig. 1), and at least 5 more
of Jurassic age are probably present. These are minimum numbers, as more than
half the region is.covered by younger rocks and basin fill. The dismembered
late Cretaceous volcanic field appears to represent remnants of a cratonic arc
similar in size, volcanic evolution, and petrologic character to the well-
known Oligocene San Juan field of SW Colorado which contains one of the
world’s major ash-flow fields (Lipman, 1984). Twelve major ash-flow calderas
are exposed within the 25,000 km2 San Juan field, which lacks surficial cover
on a scale sufficient to hide major calderas. Even if calderas are not
proportionally present under the vast basin fills of SE Arizona, this area was

a major locus of ash-flow eruption and caldera formation in the Mesozoic.
Caldera fragments may have been preferentially preserved and exposed in SE
Arizona because (1) in comparisbn with readily erodable equivalent outflow
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volcanics, the intracaldera accumulations are relatively thick, indurated by
therﬁal metamorphism, and structurally low, and (2) Basin-Range faults may
have tended to wrap around structurally coherent caldera~related intrusions.
Most evidence for concepts of "volcanic orogeny" (Mayo, 1963), which relates
some "exotic-~block" breccias to volcanic-related pyroclastic intrusive
activity, can be readily explained by caldera subsidence processes, and some
features interpreted as mineralized breccia pipes could be alternatively
interpreted as caldera-collapse breccias. In addition to collapse breccias
within calderas, large Paleozoic blocks within some Mesozoic sedimentary
sequences (Simons and others, 1966; Davis and others, 1979) probably represent
iandsliding off growing fault scarps analogous to Tertiary slide deposits in
the Basin-Range province (Longwell, 1951; Krieger, 1977).

Well-stratified outflow welded tuff sheets of the Mesozoic volcanic fields

are not widely exposed in SE Arizona; the only major area of such rocks
isolated from any apparent caldera is in the Roskruge Mountains (Bikerman,
1968), where at least 5 major ash~flow sheets and associated air-fall tuffs
are present. Even there, a granodiorite intrusion into the tuffs is coeval in
age, suggesting a possible source nearby. Areas of stratified intermediate-
composition lavas, subordinate ash—-flow tuff, and volcaniclastic sedimentary
rocks, as in the NE Santa Rita Mountains (Finnell, 1971), represent remnants
of outflow volcanics outside any caldera, from which most outflow tuffs have
been eroded. More detailed stratigraphic and petrologic study is needed to
understaﬁd the caldera features in SE Arizona and to correlaﬁe regional ash-
flow sheets between mountain ranges.

Important mineral resources, including several major porphyry Cu systems
and many smaller mineralized centers, are assoclated with granitic intrusions

within Mesozoic calderas or along their margins--especially at Silver Bell,
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Sierrita, Tombstone, Ajo, and Hillsboro. Other porphyry Cu deposits could be
present in the roots of Arizona calderas that are so deeply eroded that only
precaldera rocks are preserved. The clustering of porphyry Cu deposits in
Arizona may be partly due to level of erosion, intermediate between the
base/precious metal veins of a San Juan volcanic field and deeper plutonic
mineralization such as tungsten skarns in the Sierra Nevada (Newberry and
Einaudi, 1981). The close spatial and temporal association of many porphyry
Cu deposits with caldera-related silicic magmatism in Arizona casts doubt on
models that associate porphyry Cu deposits exclusively with intermediate-
composition stratovolcanoes (Sillitoe, 1973; Branch, 1976). Throughout
southern Arizona, silicic volcanism and caldera formation closely predate
porphyry-Cu-related plutons. Intermediate-composition plutons, such as those
associated with Cu mineralization in Arizona, commonly have been emplaced
elsewhere within ash-flow calderas or along their margins after collapse and
record renewed upward movement of less evolved lower parts of the ash-flow
magma chamber (Lipman, 1984). Porphyry Cu mineralization is closely related
spatially to calderé-forming magmas, but the petrologic relations and timing
require more rigorous evaluation. Elsewhere, important mineralization has
occurred millions of years after caldera collapse, associated with younger
magmas utilizing caldera structures (Steven and others, 1974). Nevertheless,
calderas and porphyry Cu ﬁineralization, rather than being antithetic
(Sillitoe, 1980), are commonly associated in Arizona and probably in other
cratonic continental arcs.

REFERENCES CITED

Bikerman, M., 1968, The geology of the Roskruge Mountains--a brief
summary: Ariz. Geol. Soc. Southern Arizona Guidebook 3, p. 183-191.
Branch, C. D., 1976, Development of porphyry copper and stratiform

14



volcanogenic ore bodies during the life cycle of andesitic strato-volcanoes,

EE_thnson, R.W., ed., Volcanism in Australia: Elsevier, Amsterdam, p. 337-
342

Cooper, J.R., 1971, Mesozoic geology of the Sierrita Mountains, Pima
County, Arizona: U.S. Geol. Survey Prof. Paper 658~D, 42 p.

Cooper, J.R., 1973, Geologic map of the Twin Buttes quadrangle, Arizona:
U.S. Geol. Survey Misc. Geol. Inv. Map I-745.

Corn, R.M., 1975, Alteration-mineralization zoning, Red Mountain,

Arizona: Econ. Geology, V. 70, p. 1437-1447.

Davis, G.H., Phillips, M.P., Reynolds, S.J., and Varga, R.J., 1979, Origin
and provenance of some exotic blocks in lower Mesozoic red-bed basin deposits,
southern Arizona: Geol. Soc. America Bull., v. 90, p. 376-384.

Drewes, H., 1971a, Geologic map of the Mount Wrightson quadrangle,
Arizona: U.S. Geol. Survey Misc. Geol. Inv. Map I-6l4.

Drewes, H., 1971b Mesozoic stratigraphy of the Santa Rita Mountains,

Arizona: U.S. Geol. Survey Prof. Paper 658-C, 81 p.

Drewes, H., 1980, Tectonic map of southeastern Arizona: U.S. Geol. Survey
Misc. Geol. Inv. Map I-1109.

Drewes, H., 1981, Tectonics of southeastern Arizona: U.S. Geol. Surevy
Prof. Paper 1144, 96 p.

Drewes, H., Klein D.P., and Birmingham, S.D., in press, Volcanic and
structural controls of mineralizatiom in the Dos Cabezas Mountains of
southeastern Arizona: U.S. Geol. Survey Bull.,

Dunn, P.G., 1982, Geology of the Copper Flat porphyry copper deposit,
HillsBoro, New Mexico, in Advances in geology of the porphyry copper deposits,
southwestern North America: Univ. Arizona Press, Tucson, p. 313-326. |

Ericksdn, R.C., 1968, Geology and geochronology of the Dos Cabezas

15



Mountains, Arizona: Ariz. Geol. Soc. Southern Ariz. Guidebook 3, p. 192-198.

finnell, T.L., 1971, Preliminary geologic map of the Empire Mountains
quadrangle: U.S. Geol. Survey Open—file Map.

Gilluly, J., 1956, General geology of central Cochise County, Arizona: U.
S. Geol. Survey Prof., Paper 281, 169 p.

Hayes, P.T., and Raup, R.B., 1968, Geologic map of the Huachuca and
Mustang Mountains, Arizona: U.S. Geol. Survey Misc. Geol. Inv. Map I-509.

Hayes, P.T., and Drewes, H., 1978, Mesozoic depositional history of
southeastern Arizona: New Mexico Geol. Soc. 29th Field Conf., p.201-208.

Hildreth, W., 1981, Gradients in silicic magma chambers: implications for
lithospheric magmatism: Jour. Geophys. Res., v. 86, p. 10,153-10,192.

Keith, S.B., 1984, Map of outcrops of Laramide (Cretaceous-Tertiary) rocks
in Arizona and adjacent regions: Arizona Bur. Geol. Mineral Tech. Map 19.

Kluth, C.F., 1983, Geology of the northern Canelo Hills and implications
'for the Mesozoic tectonics of southeastern Arizona, in Mesozoic paleogeography
of weét—central U.S.: Rocky Mtn. Sect. Soc. Econ. Paleont. Min., p. 159-171.

Krieger, M.H., 1968, Geologic map of the Holy Joe Peak quadrange, Pinal
County, Arizona: U.S. Geol. Survey Map GQ-669.

Kriege;, M.H., 1977, Large landslides, composed of megabreccia,
interbedded in Miocene basin deposits, southeastern Arizona: U.S. Geol.
Survey Pfof. Paper 1008, 25 p.

Lipman, P.W., 1976, Caldera-collapse breccias in the western San Juan

Mountains, Colorado: Geol. Soc. America Bull, v. 87, p. 1397-1410.
Lipman, P.W., 1984, The roots of ash-flow calderas in western North

America: Jour. Geophys. Res., v. 89, p. 8801-884l.
Longwell, C.R., 1951, Megabreccia developed downslope from large faults:

Amero Jour. SCio, Ve 249’ po 343-355-

16



Marvin, R.F., Naeser, C.W., and Mehnert, H.H., 1978, Tabulation of
radiometric ages: New Mexico Geol. Soc. 29th Field Conf., p.243-252.

Mayo, E.B., 1963, Volcanic orogeny in the Tucson Mountains: Arizona Geol.
Soc. Digest, v. 6, p. 61-82,

Newberry, R.J., and Einaudi, M.T., 1981, Tectonic and geochgmical setting
of tungsten skarn mineralization in the cordillera: Ariz. Geol. Soc. Digest,
v. 14, p. 99-112.

Newell, R.A., 1974, Exploration geology and geochemistry of the Tombstone-
Charleston area, Arizona: Ph.D. dissertation, Stanford University, 205 p.

Richard, K., and Courtright, J.H., 1966, Structure and mineralization at
Silver Bell, Arizona, in Geology of the porphyry copper deposits, southwestern
North America, Univ. Ariz. Press, Tucson, p. 157-163.

Sawyer, D.A., 1985, Late Cretaceous magmatism in the Silver Bell
Mountains, Arizona, and its relation to porphyry copper deposits: PhD
diss;;t., Univ. California (Santa Barbara), in prep.

Sawyer, D.A., and Lipman, P.W., 1983, Silver Bell Mﬁs., Arizona: porphyry
copper mineralization in a late Cretaceous caldera: EOS, v. 64, p. 874.

Sillitoe, R.H., 1972, The tops and bottoms of porphyry copper deposits:
Econ. Geology, v. 68, p. 799-815.

Sillitoe, R.H., 1980, Cauldroa subsidence as a possible inhibitor of
porphyry copper formation: Japan Min. Geol. Spec. Issue, v. 8, p. 85-93.

Simons, F.S., 1964, Geology of the Klondyke quadrangle, Graham and Pinal
- Counties, Arizona: U.S. Geol. Survey Prof. Paper 461, 173 p. |

Simons, F.S8., 1972, Mesozoic stratigraphy of the Patagonia Mountains and
adjoining areas, Ariozna: U.S. Geol. Survey Prof. Paper 658-E, 23 p.

Simons, F.S., Raup, R.B., Hayes, P.T., and Drewes, H., 1966, Exotic blocks

and coarse breccias in Mesozoic volcanic rocks of southeastern Arizona: U.S.

17

o g



Geol. Survey Prof. Paper 550-D, p. D12-22.

Sﬁith, R.L., 1979, Ash-flow magmatism: Geol. Soc. America Spec. Paper
180, p. 5-27.

Steven, T.A., Luedke, R.G., and Lipman, P.W., 1974, Relation of
mineralizatlion to calderas in the San Juan volcanic field, Colorado: U.S.
Geol. Survey. Jour. Res., v. 2, p. 405-409.

Titley, S.R., 1982, Geologic setting of porphry copper deposits:
southeastern Arizona, in Advances in geology of the porphyry copper deposits,
southwestern North America: Univ. Arizona Press, Tucson, p.37-58.

Watson, B.N., 1968, Intrusive volcanic phenomena in southern and central

Arizona: Ariz. Geol. Sco. Southern Arizona Guidebook 3, p. 147-153.

e

18



-

FIGURES

Proposed cover photo (color): Chaotic volcanic breccia, Interpreted as

caldera-collapse megabreccia in the Upper Cretaceous Salero Formation.
Compositionally diverse blocks, ranging in size up to at least as much as
several tens of meters across, are surrounded by quartz latitic welded tuff
matrix. Block include Upper Cretaceous andesite, Jurassic welded tuff of the
Mt Wrightson Formation, and Juassic Squaw Gulch Granite. Cottonwood Creek,
southwestern Santa Rita Mountains.

Alternative: Silver Bell Mountains and open pit mines at sunset

Figure 1. Map of southeastern Arizona showing distribution of Upper
Cretaceous—lower Tertiary (Laramide) igneous rocks discussed in text, and
associated major Cu porphyry deposits. Modified from Titley (1982) and Keith
(1984). Areas of Tertiary and older rocks shown in outline. Ajo, AZ, is west

of map area; Hillboro, NM, is to the east.

Figure 2. Generalized geologic maps of areas interpreted as containing
fragments of Late Cretaceous calderas (most regional structures omitted).‘

A. Silver Bell Mountains, Arizona (from Saywer, 1985)

B. Southern Sierrita Mountains (modified from Cooper, 1973)

C. Southwest Santa Rita Mountains (modified from Drewes, 1971a)

D. Tombstone-Charleston area (modified from Gilluly, 1956; Drewes, 1980)
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EXPLORATION POTENTIAL
OF THE
GREATER SILVER BELL AREA
PIMA COUNTY, ARIZONA

The main Silver Bell district has produced many million of tons of ore ranging from 0.6% copper
up to 3.5% copper. Of course, the higher grade was from the early years, 1865-1930, when oxide
and sulfide ores were mined underground, and from shallow surface workings, in the tactite zones
in altered limestone, whereas, the bulk of the tonnage from 1954 has been of the lower grade, large
tonnage open-pit operations. This production is continuing by mining lower-grade material which
is placed on dumps, leached, and the copper recovered in a solvent extraction-electro winning
(SXEW) plant.

The advent of better equipment, improved control of equipment by the use of GPS, real-time
monitors on equipment, the rapid turn around on assays, modeling of mineralized blocks, as well
as the improved SXEW plants, has placed a new face on mining and producing copper from lower
grade ores.

Drilled mineral resources, or reserves, are still being found in the Silver Bell district, as
exploration thoughts are being re-examined.

The classic curve of the main Silver Bell zone was reported by Richard and Courtright (1966). The
eastward extension of the alteration-mineralized was mapped and the zone shown to be covered by
alluvium cover to the east. Drilling of a number of holes through the alluvial cover, indicated that
the zone continued, but not of sufficient mineral grade at the time.

Graybeal (1982) reported on the northern El Tiro pits and the north Silver Bell area of alteration-
mineralization. Graybeal noted that the alteration-mineralization on the north end curved back
westward before the zone was cut by the northerly-trending Atlas fault. Several drill holes were
place west of the fault to locate the offset portion, but were unsuccessful. It was then suggested that
the Atlas fault had considerable displacement, with the west side moving to the south.

The West Silver Bell Mountains were mapped and alteration-mineralization was noted, suggesting
better values might be found to the south under alluvial cover. Several holes were drilled, and
although of interest, did not return sufficient copper values to continue the exploration.

Jaba, Inc., took up a position in the West Silver Bell mountains and did geochemical and
geophysical work, confirming the work of ASARCO, and also drilled several holes, but again did
not find what was needed at the time.
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Noel McAnulty (1976) wrote an interesting paper on “Resurgent cauldrons and associated
mineralization” in which he documented the various styles of mineralization found within and
around the cauldrons.

Peter Lipman, and others, (1976,1981, 1984, 1985, 1990, 1993) also was interested in this
relationship of calderas and mineralization. He suggested that the Silver Bell Mountains was one
such caldera with the associated mineralization. This later work was also with Sawyer(1986, 1987,
1989) who completed his PhD dissertation at Silver Bell and proposed the late Cretaceous Silver
Bell Caldera with its late monzonite porphyries intruding along the margin of the ring zone.

Sawyeér notgd the eastemn tilt of the units, and that the ring structure on the eastern side would be
covered by alluvial material. He also noted that the northeast side of the ring structure would be cut
off by the west-trending Ragged Top fault. North of the Ragged Top fault, the exposed units do not
indicate any alteration or mineralization, again suggesting a large strike-slip fault movement has
occurred along the fault.

Lipman (1993), shows a total ring around the Silver Bell area, however as noted above, the Atlas
fault and the Ragged Top fault have cut portions of the caldera ring, and these portions have either
not been found, or weakly indicated, to date.

Jaba, Inc., also took up a large land position on the eastern side, where the ring structure may have
turned northward. The area had been drilled earlier by several companies, with inconclusive results
at the time. However, Jaba did find some alteration-mineralization suggesting the continuation of
the ring on the east side.

As the mined open-pits at Silver Bell indicates, they are like “beads along a string”, with weak
mineralization in-between. It may be that the sparse drilling to date has missed such beads, or were
outside the ring structure.

What is non-ore today may be ore tomorrow with the advent of the new technology, as being
practiced at Phelps Dodge’s Morenci Mine in eastern Arizona, where rock with 0.1% copper is
being placed on dumps and leached of their copper content.

The Waterman Mountains lie south of the Silver Bell Mountains and has be studied by McClymonds
(1957, 1959). McClymonds found the range to be highly broken and units displaced by large strike-
slip faults. Alteration and mineralization, prospects, and mines, are located in the Waterman
Mountains. Sparse production has been attained, however, many clues are noted, and re-evaluation
may be applied to find viable mineralization.
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Nested calderas are not uncommon (Lipman, et al, 1976), and this may be the case in the greater
Silver Bell District, ie, Silver Bell Mountains, West Silver Bell Mountains and the Waterman
Mountains.

Exploration based on renewed theories, known facts, and improved technology, should be
encouraged in the greater Silver Bell area. Conservation plans of Pima County should include such
mineral potential area, as part of the future tax base.
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The main Silver Bell district has produced many million of tons of ore ranging from 0.6% copper
up to 3.5% copper. Of course, the higher grade was from the early years, 1865-1930, when oxide
and sulfide ores were mined underground, and from shallow surface workings, in the tactite zones
in altered limestone, whereas, the bulk of the tonnage from 1954 has been of the lower grade, large
tonnage open-pit operations. This production is continuing by mining lower-grade material which
is placed on dumps, leached, and the copper recovered in a solvent extraction-electro winning
(SXEW) plant.

The advent of better equipment, improved control of equipment by the use of GPS, real-time
monitors on equipment, the rapid turn around on assays, modeling of mineralized blocks, as well
as the improved SXEW plants, has placed a new face on mining and producing copper from lower
grade ores.

Drilled mineral resources, or reserves, are still being found in the Silver Bell district, as
exploration thoughts are being re-examined.

The classic curve of the main Silver Bell zone was reported by Richard and Courtright (1966). The
eastward extension of the alteration-mineralized was mapped and the zone shown to be covered by
alluvium cover to the east. Drilling of a number of holes through the alluvial cover, indicated that
the zone continued, but not of sufficient mineral grade at the time.

Graybeal (1982) reported on the northern El Tiro pits and the north Silver Bell area of alteration-
mineralization. Graybeal noted that the alteration-mineralization on the north end curved back
westward before the zone was cut by the northerly-trending Atlas fault. Several drill holes were
place west of the fault to locate the offset portion, but were unsuccessful. It was then suggested that
the Atlas fault had considerable displacement, with the west side moving to the south.

The West Silver Bell Mountains were mapped and alteration-mineralization was noted, suggesting
better values might be found to the south under alluvial cover. Several holes were drilled, and
although of interest, did not return sufficient copper values to continue the exploration.

Jaba, Inc., took up a position in the West Silver Bell mountains and did geochemical and
geophysical work, confirming the work of ASARCO, and also drilled several holes, but again did
not find what was needed at the time.
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Noel McAnulty (1976) wrote an interesting paper on “Resurgent cauldrons and associated
mineralization” in which he documented the various styles of mineralization found within and
around the cauldrons.

Peter Lipman, and others, (1976,1981, 1984, 1985, 1990, 1993) also was interested in this
relationship of calderas and mineralization. He suggested that the Silver Bell Mountains was one
such caldera with the associated mineralization. This later work was also with Sawyer(1986, 1987,
1989) who completed his PhD dissertation at Silver Bell and proposed the late Cretaceous Silver
Bell Caldera with its late monzonite porphyries intruding along the margin of the ring zone.

Sawyer noted the eastern tilt of the units, and that the ring structure on the eastern side would be
covered by alluvial material. He also noted that the northeast side of the ring structure would be cut
off by the west-trending Ragged Top fault. North ofthe Ragged Top fault, the exposed units do not
indicate any alteration or mineralization, again suggesting a large strike-slip fault movement has
occurred along the fault.

Lipman (1993), shows a total ring around the Silver Bell area, however as noted above, the Atlas
fault and the Ragged Top fault have cut portions of the caldera ring, and these portions have either
not been found, or weakly indicated, to date.

Jaba, Inc., also took up a large land position on the eastern side, where the ring structure may have
turned northward. The area had been drilled earlier by several companies, with inconclusive results
at the time. However, Jaba did find some alteration-mineralization suggesting the continuation of
the ring on the east side.

As the mined open-pits at Silver Bell indicates, they are like “beads along a string”, with weak
mineralization in-between. It may be that the sparse drilling to date has missed such beads, or were
outside the ring structure.

What is non-ore today may be ore tomorrow with the advent of the new technology, as being
practiced at Phelps Dodge’s Morenci Mine in eastern Arizona, where rock with 0.1% copper is
being placed on dumps and leached of their copper content.

The Waterman Mountains lie south of the Silver Bell Mountains and has be®tudied by McClymonds
(1957, 1959). McClymonds found the range to be highly broken and units displaced by large strike-
slip faults. Alteration and mineralization, prospects, and mines, are located in the Waterman
Mountains. Sparse production has been attained, however, many clues are noted, and re-evaluation
may be applied to find viable mineralization.
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Nested calderas are not uncommon (Lipman, et al, 1976), and this may be the case in the greater
Silver Bell District, ie, Silver Bell Mountains, West Silver Bell Mountains and the Waterman
Mountains.

Exploration based on renewed theories, known facts, and improved technology, should be
encouraged in the greater Silver Bell area. Conservation plans of Pima County should include such
mineral potential area, as part of the future tax base.
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mo Southwestern Exploration Division

June 17, 1992

Dave Skidmore
Tucson Office

Bill Rehrig

Applied Geologic Studies, Inc.

2875 West Oxford, Suite #3
Englewood, CO 80110

Here is Dr. Rehrig's name, company, address, city, state, zip and phone

303/761-5624.

| have called Rehrig's office and they should send a brochure.

Rehrig believes he could do you a great job on interpretation of the
structure of the greater Silver Bell area with special interest in the
North Silver Bell area. This to help evaluate and guide pit designs,

tailings/leach pile substrates, etc. by analysis of the fracture
pattern, density, orientation, mineral/gangue content, et al.

‘Two-Three month program, *$10K expenditure.

Should you have any thoughts that need answers/suggestions, then
Rehrig says to call him and he'd be pleased to chat about the problem/
solution.

L_44Z4%Q£/¢£§7:«42£3§;2(7

JDS :mek ; James D. Sell

cc: W.L. Kurtz

JD.S





