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VISIT TO AJO PIT APRIL 10, 1952

ON GSA TRIP WITH VELASCO, GARMOE,
HUMPHREY., ABOUT TWO HOURS IN PIT.

Since the visit in 1945, the Ajo pit hag been
widened toward the east, as suggested it might be by
Mr, Barker, and the pit is markedly differént in appearance
fosm that time, On the west side, additional stripping is
going on along Arkansas Mt., and it is rumored that a cut
behind the Mt. has been started which would suggest that
the whole high area on the soubh west side of the pit will
be removed. Native copper and some enriched and oxidized
material from this part of the pit are still reported. No
stop was made there, and this part of the pit was only
observed from the public lookout point.

The widening of the pit to the east has proceeded
into the volcanics, and has exposed con:=iderable of the
so-called\bhilled border phasélof the monzonite intrusive,
It seems more likeéythat there are numerous dikes of fine
to comrse grained dark rocks -"diorite"-present along the
general contact zone between the monzonite and the light
volored volecanic rocks, The monzonite definitely engulfs
fragments of the volcanic rocks along this contact zone,
and a "rock breccia™ area similar to those at Cananea is
indicated. I, this part of the pit there are pyrite seams
with some development of sefricite, and in general in the
parts of the pit visited there is much less fresh monzonite
that was in evidence in 1945. Even in the lower south
part of the pit where "pegmatitie™" mineralization was

reported prominent, little strong mineralization was seen,



and there was little fresh chalcopyrite with fresh feldspars.

While the same conditions as observed in the south part
of the pit in 1945 still exist - namely, frsh chalcopyrite,
etc. against pearly pink orthoclase, it is probable that
the extent of such mineralization now exposed is much less
than previously. Ié the areas visited, while there is no
extensive development of sericite, the feldspars observed
do not have the same degree of freshness expected from the
earlier visit. In general, while the earlier visit suggested
that very little alteration was exhibited by the Ajo deposit,
the impression now gained is that there is considerable
alteration on both the east and west sides of the pit, and
that sergécitic alteration is not such a stranger in this
deposit as previously believed.

Approximately 60,000 tons per day are being
mined, something more than one half of this being waste.
I4- is likely that about 27,000f28,000 tons of ore are going
to the concentrator. About 12,000,000 pounds of copper per
month are being made in the new smelter, and most aré being

cast into anodes, for shipment to Bl Faso.



VISIT TO AJO PIT APRIL 10, 1952
ON GSA TRIP WITH VELASCO, GARMOE,
HUMPHREY. ABOUT TWO HCURS IN PIT.

Since the visit in 1945, the Ajo pit has been
widened toward the east, as suggested it might be by
¥r, Barker, and the pit is markedly different in appearance
foom that time, On the west side, additional stripping is
going on along Arkansas Mt.,, and it is rumored that a cut
behind the Mt., has been started which would suggest that
the whole high area on the soubth west side of the pit will
be removed., Native copper and some enriched and oxidized
material from this part of the pit are still reported. No
stop was made there, and this part of the pit was only
observed from the public lookout point.
The widening of the pit to the east has proceeded

into the volecanics, and has exposed con iderable of the

' so-called chilled border phase of the monzonite intrusive.,

| It seems more likeythat there are numerous dikes of fine
to comese grained dark rocks ~"diorite"-present along the
general contact zone between the monzonite and the light
eolored volcanic rocks, The monzonite definitely engulfs
fragments of the volcanie rocks along this contact zone,
and a "rock breccia" area similar to those at Cananea is
indicated. I, this part of the pit there are pyrite seams
with some development of sefricite, and in general in the
parts of the pit visited there is much less fresh monzonite
that was in cvidence in 1945. Even in the lower south l
part of the pit where "pegmatitic" mineralization was

reportéd prominent, little strong mineralization was seen,




and there was little fresh chalcopyrite with fresh feldspars.

While the same conditions as observed in the south part
of the pit in 1945 still exist - namely, frsh chalcopyrite,
etc. against pearly pink orthoclase, it is probable that
the extent of such mineralization now exposed is much less
than previously. Ia the areas visited, while there is no
extensive development of sericite, the feldspare observed
do not have the same degree of freshness expected from the
earlier visit. 1In general, while the earlier visit suggested
that very little alteration was exhibited by the Ajo deposit,
the impression now gained is that there is considerable
alteration on both the east and west sides of the pit, and
 that serécitie alteration is not such a stranger in this
deposit as previously believed, }

Approximately 60,000 tons per day are being
mined, something more than one half of this being waste.
I, is likely that about 27,000-28,000 tons of ore are going
to the concentrator. About 12,000,000 pounds of copper per
month are being made in the new smelter, and most are being

cast into anodes, for shipment to El Faso.



June 15, 1945
Dear lMr. Mulchay:

.

Finally finished your report and Mr. Cameron was good enough to check

same for me yeéterday aft.

Miss La Borde delivered the béok an@ I'm thrilled with it. I've been
reading it religiously on the train and subway - to the point where I snub
me friends unintentionally. Thanks so very much.

The weather is dreadful - weatherman threatens us with 93° today.

SRV R e

P.S. Sent Mr, Stephens' copy to Mr. Perry and asked him to hold it.
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AJ0, ARIZOHA
Phelps Dodge Corporation, New Gornol.h Branch

The Ajo operation was visited on the afterncon ofmvlsth
and the morning of May 16th with Mr. Barr, Chief Engineer and Hr. Bronson,
Assistant HMine Foreman. The operation was also discussed with Mre Barkn,
Manager, and ¥r. Angst, Mine Superintendent.

Atuotheopmpituappmwmlangbym
wide and extends in & gemeral northwest-southeast direction. Elevation of
the top of the pit is about 1750% asbove sea level, and the new botton level
will be st 1500%, The new lower cut has reached sbout 1520' elevation, Host
of the presemt mining is being done on the 1540' and 1580% benches. Higher
ground, sbove the general level of the top of the pit, occurs on the south-
west side of the pit at the Arkansas Mt. area, and with lower hille on the
southeast and east. WHineralization cbserved was in a granitic porphyry,
ealled monsonite porphyry, which intrudes finer grained, gray to white
rhyolites, reported to be flows. Aress in the monzonite, generally close
- to contacts, are much finer grained and darker cclored than the average
of the intrusive, and dre loeally called diorite. It is probable that this
rock 1s a phase of the main imtrusive rather than a separate rock type. Om
the southeast end of the pit, well cousolidated angular, poorly sorted
material, locally called "fanglomersate”, overlies both rhyolites and mone
sonite., Contacks of this material with the underlying rocks are in cases
irregular and probebly normal comtacte of a wash deposit laid down on an
uneven erosion surface, and sre in part fault comtacts. Although this
material is very angular and poorly sorted, and includes rock Pragments,
near the pit, which contain oxidized copper minerslization; banding in this
_ formation strikes northeasterly end dipe to the southeast st angles up to

60°% It is probably water lain, and later than the ore deposition. The

extent of the fanglomerate to the southeast is probably less thuan the area

mapped by Gilluly of the U.S.0G.8., &lthough there are wi prominent

 outcrops to the south and southwest. Immedistely southeast of the pit and

' the large oubcrops of fanglomerate, there are areas covered with recent wash
mxtmawmmarmmurm@mmmqumc.

Mefthoonbﬁymmnimdishmmﬁam&l
cm-mm by a lack of seriecite-kaolin type alteratien generally assoclated
with the large copper districts in the Southwest. While local areas of
kaolinization and sericitisation were observed, the feldspar and ferro~
magnesian minerals in the mongzonite are remarkably fresh and the rock is
generally hard and tough. Mmoﬂhoehncrystuasndsplotc!vquaﬂsin
mongzonite, locally called pegmstitic, occur in several parts of the pit, and
are often found in areas in which better ore occurs. The orthoclase is
commonly pink, and appsrently bresks down less readily than plagiloclase. The
rock in the southeast end of the pit on the 1580 and 1540 benches is compara-
tively hard. Better ore occurences, both chalcocite and primery sulphideas, are




,Winthh;m. ﬂnmm&m sid.ofthopa.t,ctkrkm!t"

~ alterstion is much more intense than in other parts of the pit, considerable

kaolin and sericite have been developed in both rhyolite and monzonite, On

the southeast slide of Arkanses Mb. in the pit & block of fanglomerate has been
down against rhyolite along a steep-dipping fault, Immediately northe

‘ W
S pest of this tault contact, some areag in the rhyolite apponr to be brecciated,

‘However no detail eould be observed and 1% is possible thst thie brokem material
may mot represent actusl brecciation. On lower benches in this Arkansss Mt.
am, pyrite is reported to occur in considerable quantity, although it is

not prominent in other parts of the pit. Below some comperatively decp oxida-
tmuwm,nmbiwmpmmabcmﬂm. During the week previous to
our visit a total of 20,000 tons, which contained emough nstive copper to be
classed as ore, was mined and delivered to the mills This materisl was i
separately treated in the mmam, and according %o Hr, Barker excellent
reewmmobtaiudo -

Hineralization in the pit is mmud of chalcopyrite, writa, :
baruite. chalcoeite, some tenmantite, some hematite and specularite, quarts,
and molybdenite 1s reported. These minerals occur almost entirely in dissemi~
nations and narrow seams bub large specimens, 18% x 50", of massive primary
sulphide containing temmantite, chalcopyrite and quartz were seen at the mine
offices This mineralization 1s reported to occcur in lensy vein-like form in
the southeast end of the pit, Stringers of high grade chalecocite, dark shiny
mhi:doolor,malmfmmé&thewmnndarthupﬁbmm S
o arete

wmnmmmmumuzmzmmm,

oxidation extends downward to the 1580 bemch through fanglomerate, rhyolite,
and monzonite rock types. The color of this material through all three rock
types is remarksbly a uniform dark waroon red with no great varistlons. The
oxidation at the 1580 bench is limited by a rather steep fauls, but at higher
elevations, both to the east end west, oxidation extends outward on either side
of this structure without evident close structural comtrol; except where there
are definite small faults. Sections shown us by ¥r. Barker indicsted the ore
mineralization extends to the southeast, and dips rether sbruptly southeasterly
below the end of the pit. It iagemauybellmmwh dip to the south~

. east hag been caused by oxidation and consequent secondary enrichment below

~ the erosion surface upon which the fanglomerate was deposited. Inasmuch as
we were not informed about the kind of minerslization found in the holes, mo
- assumptlions about the downward conmtimustion of the mineralisatiom could be =
nade. However, the sections show & considersble downward extension of limlua-
tion which is classed as ore -plus or mims 1.07 copper—- and at least some of
‘this material will be too deep for pit mining. uhighwmmrym
specimens seen have been encountered in the southeast emd of the pit, =

reported to have been found nmuunhmhu,itlammmtm ‘
better ares of o WManmmmmW,
the present southesa ncul the pit. Bo structural evidence of such a

chamnnel way in this area could be seen in the bench faces exposed at the time




B

of our vistt. Nore intense alberation along the seuthwest side of the ;m
in the t;rktnsu Hte aren pra!nh}y indicates relatively am'ong mmnsim
- activity.

' : mﬁmwmuwmtm;ma :
the pit on the northwest end and on the eust side, and according to Hr. Angst,
0+8% copper minerslization extends morthwesterly toward the present mine _
 offices. MNr, Barker belleves that ore extensions to the east snd eagt-

- southeast are a distimet possibility, and plans some prospecting im this
- area at a leber date. Rocks in the northwest end and on the east side of
the pit are well fractured and locally are crackled enough to appesr weskly
brecelated. The monzonlte porphyry intrusive at Ajo is reported to have
¢ flat extension, and In psrt st least to have rhyolite benesth it. Ib may
- be possible that this so-called flat form mzy be an outward flere of the

intrusive near surface such as found in the northerly part of the 8-110
qu&rbl pex'pi!m'h at Cananea. :

Iaagowdny,aﬂthomt«mpanhi&mobmnua
'WWWMMWWW»M:&“&«W :
west propertlies. Oxidized copper outcrops have relatively little irom staime
ing assoclated with them, On the southwest slde of the pit at Arkansss ¥&.
there are some areas of lighter red:colorvation which might be rolated to the
larger amount of pyrite reported in the vicinity. The remarkably wniferm !
colorstion which extends through the southeast end of the plt in fanglomerate,
rhdihandmmmtahcmudyammmmmhr,amdpmbably afl
,wmﬂntoth&%ﬂw*mmdmhmm. :

' mhdommio*hem.m:hlpitllmuum
tained. At present, the waste to ore ratic is about 1:l, The pit will be
sarried to the 1100 elevation, and in some sress to the 1000 elevation
under present plams. Ore and waste are loaded by 4-1/2 yd. Marion electric
shovels into 80 yd. side dump axle-less railroad ecars which hold approximstely
6% tons, These are hauled up 2% grades by steam locomotives at approximstely
- 15 piles per hour. MNaximue haul at present is about ¥ miles to concentrator
“bins. For blasting, 45' churn drill holes are drilled, large cartridges of
gelatin dynemite are losded from a small tripod with spring winding arrange-
ment, and detonated with primacord. At present 8 shovel shifts are working,
mmmumm-nmmmm. Approximate production
shift is 110 tons. During the weck of May 14th mining was at the
m,mmnww,MWtohmmum,mumbth
Ba.y a:.m eapucity of concentrator is 25,000 tons.

: Yaruanpuac.ﬁrﬂw;afblmm”msmwww
tmtmw:pnttwmmn,ﬂthoml!@ommm“m”
tub;_mmahnﬁuidcbythadrmor,m&m”mthmgh s
tter by a mlmmmwtauchmmurw. Sample 1s split

tuwmmmm aa.nplo can. &npnngmtrmpnrta
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mplo to nupham mm«m is erushed turhhor before additinm
thndmhof.hbcfmermcrm

‘ayi.t‘biu is domes This crushing
of sample. Assay averages of blast hole drilling are reported to check
within 0.02% copper with mill head results. Mine grade is curremtly that
mnm«wumitmme.mcmlm ALl drilling dome for
spocm sample infcmtion is sanpied at five foot iﬁmalaa T




 INSPIRATTON-NTAMI

: mnmntummmumwnmmmmm
maf!ﬁql?th. Few outcrops over known orebodies can still be seen ss

 the surface is caved and coloration on the caved ground is much more apparent

than the original surface colors. Outcrop specimens in the schist areas
above older parte of the mine toward Miami ground comtain sbundant quarts,
&nd there is & distinctly browner coloration than is cbserved in other
localities., Easterly toward the Miami ground the caved areas show varying -
shades of red, some rather brilliamtly colored, but all generslly grading

toward a muroon to brick red colors Atnmtmn“atm&pﬁmaw" -

body toward the Miami fault area appear to have a brownish rust-red colors-
tion. In general, the colotrs aére more brilliant than the Ajo marooms and

there is wide variation in the shading which may have been caused by varying

“oxidation processes on the numerous fault blocks in the Inspiration-iiiami

orebodys In the Sulphide tummel area, oxidiszed copper mimeralization which
m-mummutmmcznhuvmmmm,«mm
‘ ,;mm mmammg Fieia y .

: : mmefmspmmhmmum.umut
'Moftholwpiruiwmtmphumhmmhhh with
other dissesinsted deposits seen, but this may be due at least in part teo
the rock type. Loeally unmineralized sections of schist contain sbundant
; qmts,n&mtarmqmnsmhlﬁmmm not be
mwmmuﬁsmnmm »




 CASTLE DOME

The Castle Dome property wus briefly visited on the morning

_of Hay 18th for sbout two hours. Compared with other open pits visited, the

operation is relatively small. Mining is proceeding on benches around Castle
Dome M. in low grade material. The ore minerals are chiefl chaleocite with
pyrite, quarts, little chaloopyrite and very little molybdenite in & coarse
grained granitic rock, locally called the Ruin OGranite. Outcrops are generally
reddish to dark brickish red, with considerable veriation and no large extent.
Oxidation, as shown in the face of the pit, extends downward in a wedge shape
along a prominent, though possibly mot stromg, fault strueture. The coloration
on the face of the pit is & reddish brown. There are st least two rather flat
dipping, dark colored disbase dikes cutting through the main rock mess, and
better chalcocite enrichment is reported close to these structures. Ore and
waste are handled in trucks; aprroximstely 12,000 tons per are bels
mined., Concentrates are g sbout Z8% copper with 2 t2il below 0.

pper and heads elightly less tham 0,8% copper. Concentrates are hauled to
the west end of Mlami in traller trucks and treated at the International
Smelter,




HORENCT ~ Phelps Dodge Corporation, Norened Branch

mmrmimmﬂlitﬁmﬁylmhmdpnﬂofhym

_"mamtcuthemtmaawatw.

Thahmmiﬁthomﬁn;ml?bencmofw' height with.

»tholmstbaneh;ﬁ“ﬁ&'tlcutinn;thnpﬂtﬁlmchhmw elevation

umde:' pm.us plm

\ mewmtopofmmmw,uhiehwmw :
mlqm,mmmwmncmula reddish-brown areas.
Darker colors are oftcn associated with gmall stringer velns. Onﬁuuaohmh‘

_ where gulphide mineraliszation came very close to surface, oxidation coloration

is not intense and is brownish-red, rather than maroon. However the exposuies

seen were small and may not lndicate coloration over very large areas, Al 5
suall veins in this area on the 4600 bench there is strong, dark red iron oxide
which probably overlies chalcocite enrichment as chalcocite seams and M

' tiohs are found nearby. Over the Humboldt area, the coloration appears mnm..» e
-bmtcmdﬁthmduhrmmamﬁmgmnmm =
gbructures. ; :

2 &ommtmmnmmmmwmmwmm :
porphyries st Canszpea, On the 5150 bench from morth to south the bench shows

& siliceous quartz porphyry with sericite and 1little kaolin which resembles

many of the minmeralized quartz porphyry intrusives at Canmnea. Near the center :

_of the bench there iz a 40' band of softened white feldspathic porphyry, and
imﬁahlytothouﬁhctth&nmuupﬂmme’mwmmpmﬁhd

limestone and quartzite fragments and feldspathic porphyry. Through this
brecela there is scme irregular iron oxide mineralization with little copper
staining. On the southerly edge of the breeccia there is 10! of strong iron
end.dmdimmuthqmﬂam&mwmmmmﬁMMa

- rock fragments. From a distence thie breccia ares appears to strike northwest
and southeast. Immediastely scuth of the breccla srea there is a large section

of feldspathic quartz porphyry with some mixed copper oxide and sulphide
mineralization. Near the southerly emd of the bench where surface wash is
encountered, large quartzite blocks are found engulfed inthamtith

- very little weak iron oxide mineralization. 'mprmammnmmm
'amwmmmuwwunmmymmhmwu
- the old Esperansa Ming. The extent of thls underground exploration was mot
- explained by our guide, Strength of gossan mineralizastion cbserved =+ the
vmu%nmcfﬁhebmmnmnmmmummmmmm
: amwith posgibilities for mrym : FEE I

mnmltwwnhmgdcfiﬂtsmmmmleh

nwhmmmerwmmu.mmgmnamym
intrusive., This porphyry has textures or may be made up of varying

intrusives of sbout the same chemical composition. mgom(uhﬂom
.mumauboumbywwmmmmnum

low grade mineralization extends from this area into the main open pit area tn

the northwest. Thmﬂbhumﬁmdmw“umuam

: o:wmmmmm«mmann;mmmmmm
'mmm.ﬁo:mow.dnmanmmm. nammaamw




-

wmmnmmmmmmmobm, almuhm wide-
spread low grade mineralization in this ares appears tebeéeﬁa:ltely :
: agsoclated with o rock breccia structure.

: Mw,mmuMMofmolduinwmnﬁw
!maMwemmWonWMofmmmmw
very dark maroon color and some areas probably contain prominent manganese.
~ From general observation st Cananes and Horenei, it appeers that limestome
deposits often give darker colored gossan outcrops than wineralized porphyry
deposits. On the Coromado Trail highway, west of the old Shamnon and Metcalf = =
_ore deposits and north of the present settlement at Metealf, there is gw ,,‘:‘-q,.)
mineralized breccis outerop which may be up to 1000' in length and from (1 ogan ™
to 500! wide. This breecia structure was previously noted by Perry. Parts of
mmmummum,mmwmmww
ragged, vuggy quarts and iron oxide, The northerly part of this breccla,
: mnharaawamm,mmntmnmwm There is no : \
surface evidence that there has been explorstion of this structure by umder- ’,/'p’
ground work or surface drilling, and its location in & well minmeralized area « 20

. . . which has a considerable production record mskes the structure worthy of Kr"/"’epw
: »ummmmarmmarawowermmwhm.

Geun.uy speaking, the entire ﬂorcnci distriet closely mzu
Cananes as regerds rock types and alteration festures. The feldspathic porphyry
seen in the open pit and at the Humboldt is very similar to the porphyry in .
which the Cananes 6-1859 orebody is being developed in the 8-110 porphyry area.
The more siliceous porphyry, -hiehmkuupalargnpnrtotthomtudmﬂhoﬂ;
parts of the Horenci pit, closely resembles many of the Cananea quartz porphyries.
Limestone alterstion with widespread garnet and epidote is like the alteration
in upper limestones at Cananea, although locally there is more epidote inm the
altered limestones at Horesncl than st Cananeas Structurally there sre many more
veins and fault structures reported at ¥orenmei than have been observed at Cananea.
 However, the presence of rock breceis structures and mineralized breccia pipes
,»atsmmwmw«smmmmlmlywummmns
.mwumm-mammmbunmm

: Mnuo,omwdmaomumbym&mahmlamts e
nloutrloobcttorr—trellcy locomotives and Diesel locomotives provide motive power
for the extensive railraod system. On upper benches some truck haulage is used
for waste removal, Naterial is loaded into 85-90 ton side-dump rallroad cars and
Wma-ﬁmﬁ&:&mﬂowmmp&h 90 pound ralle are used
' ; thamummeks. Pmdminnmahm
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may be found.,

SANTA KITA = liew Hexico Chino Mines Division, Nevada Consolidated Copper Company

.- The operation at Sama Rita was visfted for the full day of

The Chino pit s the largest of those seen and in the present

| épcmung pit there is an exposed length of approximately 5000%, .
- over known ore are almost entirely gone, but the sides of the pit toward the

south, where the pit will bo extended, show varying shades of red, gemerally
lighter shades. However, to the ‘east where the upper part of the pit has beenm
opened for over £0 years, darker ved to maroon colors predominste, 4 brief
trip over parts of the old waste dump, which contains surface material from

~ directly over the main part of the pit, showed fairly dark reds to brickish
- shades on older surfaces. Prospect drilling to the east and northeast of the

presont pit has shown some ore. Hineralization at surface divectly over this
section is weak, and the color of the oxides is a rusty reddish-brown; the :
mrmryandmlmmchbMamwd stronger disseminated mineralized
éreas is a lightly stained brownish colors While this coloration may not
represent areas with miner=lization as strong as in the main mineralised area,

@ thickness of 400 of ore 1s reported in one hole, The surface in this new
- area is not impressive. Exploration is being contirued in this direction,

apparently with some success and an extension easterly below recent volcanies

:  The Chino pit is in igneous rocks called grano~diorite by the
operators and the USGS. There are local wide varistions in textures, and to

some extent in composition. It appears likely that there are di g 2ges

of imtrusives of approximetely the same compositions In the mortherly end of
the old pit, now inactive, two definite ages of intrusive rocks were observed,
amrovéihmmtwahrmmaof granodiorite which in turn was
intruded into highly altered and mineralized sedimentaries with pyritic ‘
mineralization. In the pit there are granodiorite "dikes® which contain little

,Mm&mmWwonhpoﬁ-lmm-

In tmm part of the lowest bench of the mm‘pltg- ;

~ better mineralisation is found over & 200' area, Tunerous sesms of molybdenite




".Z‘Moummuthmﬂmdmuamutho%mmrmymm

dmnmsmmfmmmmbmmumm _

- sidered as local variations in the mass of the granodiorite by the operators.
. No definite contacts with the granodiorite were observed, so this conclusion
may be justified, The ore has many more seans of pyrite and chalcocite than

observed in other pits; some of the chalcocite is massive and has a steely,
gray color. Mltlmdmnatapm%hemimﬁdthwghmmu

| faults were observed. There sre mumeroug rather closely spaced northeast

chears which allow the rock to bresk wp well when blasted. These shears extend
northeast of the Mghermd.mrtionof the mineralization descridbed above, and

~ prospecting along the general trend of the sone away from the better grade

section has led to the discovery of the mineralization now being drilled mortherly

and easterly from the pit. On the €100 bench on the south side of the pit, good
.Meittf :bmﬁadahi&mhbhﬂnmmhm;_,.

part of mmmb.mwmmmmmmumw
‘,muimhmmumnetmbodudopdq mmmurarm
_’*grmndiuthapit, itwthatthlsmﬂmﬂdmm

Approxime telytwdlumtofthapnwmnrkh

' now ﬂw-luphc & considerable body of zine ore. Extensive bodies of sphalerite
- ore in s gangue of garnet «nd hedenbergite occur near s granodiorite dike which
cuts across rather flat bedced limestones and which is paralleled by steep,
northeast fault structures. Two oreshoots have been partly developed. The -
‘easterly one, which is the largest, occurs as & mass whose east boundary is the

orite and extends out into the limestone for & width of plus 5O over =

vertical helght of approximastely 150, Tmmmbmuﬂwﬁbym
cubs and diemond drill boles for approximately 1000%, The second body, lying

west of the shaft, iawhmllermonamcnmwm,mmsmbm '

explored, Both structures might have considerable extensions. Zine ore-

fully

_ shoots recently developed by the U. 8. Smelting Company and in the clder mines
- of the Santa Rita-Hamnover District on several differemt structures make it
“appear that there sre excellent chances for the development of cther mines in

the district, both in and along granodiorite sills and dikes, and in limestones. '
Production from th' L&mwbt zine orebody will be delayed until it has been -

~ more completely
it rhe Chite’ munmapmnmomuaofw'm
M,WMMM:&& f. Extensions to east and south will preolong pit

_?»lmummhmmm. The pit will be extended to the sonth and

decpened in part for 100' more. A4t present approximstely £0,000 tons of ore

~ are being mined and 17,000 tons of waste« The ore is hsuled im 50-ton ATESF
railroad cars by electric locomotives up 2% grades and hauled from Ssnbe Rita

to Hurley by the AT&SF, Waste is hauled in company cars to the waste dump where
an mm leaching ,pmeosa 1s in progreas and a rcon_ausmblo mdnc_kion of

" ore piles in comtrast to sampling methods at the other pits, 200-pound samples
- are :

taken from 50" lateral sections; sbout § samples are obtained from each of
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mack an embire blast. Nine grade against mill head assays are reported %o
check within 0.02% copper.

The lesching operstion at Chino has assumed increased import-
anee in recent yesrs smd it is reported that as much as 20% of the totsl copper
production is from leachings of the old waste dumpss Possibilities for simllar
leaching on old waste dumps at other properties is worthy of careful considera-
tion to incresse ultimste over-all copper production of low grade orebodies.
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EXOTIC BLOCKS AND COARSE BRECCIAS

¥

IN MESOZOIC VOLCANIC ROCKS OF SOUTHEASTERN ARIZONA

By FRANK S. SIMONS, ROBERT &. RAUP, PHILIP T. HAYES,

and HARALD DREWES, Denver, Colo.

Abstract—In the Canelo Hills and the Huachuca, Patago-
nia, and Santa Rita Mountains of southeastern Arizona, thick
sequences of Mesozoic volcanic and voleanic-sedimentary rocks
contain sizable exotie blocks or coarse sedimentary breccias of
older rocks. The large blocks were emplaced by dragging or
rafting by lava flows, by gravity sliding, or possibly by transport
in ash flows. These exotic blocks and coarse breccias, together
with conglomerate at several horizons, indicate widespread tec-
tonic activity in southeastern Arizona during Mesozoic time.

Several mountain ranges in Santa Cruz and Cochise
Counties, southeastern Arizona, contain thick voleanic
and volcanic-sedimentary sequences of Triassic to Cre-
taceous age (fig. 1). In many places these volcanic-
sec.inentary sequences contain sizable blocks or coarse
sedimentary breccias of older rocks. Maximum dimen-
sions of some of the larger blocks are locally meas-
urable in thousands of feet. The volcanic rocks are
mainly rhyolite, quartz latite, and dacite, but some ar
trachyte and trachyandesite. The geologic age of some
of the volcanic sequences has been determined by their
relation to fossiliferous rocks or by isotopic age deter-
minations, but the age of others is known only within
broad limits. ' :

The exotic blocks in the Mesozoic rocks commonly
are of upper Paleozoic sedimentary strata but also
include lower Paleozoic sedimentary rocks and Pre-
cambrian metamorphic rocks as well as Mesozoic vol-
canic material. The large blocks were emplaced in
several ways; some were picked up and dragged by
flowing lava or appear to have been rafted on or in
lava flows, whereas others are interpreted as gravity
slide blocks, some of which may have glided along
muddy layers in the host rock. The sedimentary
breccias are thick and very coarse but otherwise are
lenticular stratigraphic units that were deposited near
a rugged source area.
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Exotic blocks or breccias from four ranges are
described briefly, and some ideas on Mesozoic paleo-
geography of southeastern Arizona are presented. The
Canelo Hills have been studied by Raup, Simons, and
Hayes, the Huachuca Mountains by Hayes, the Pata-
gonia Mountains by Simons, and the Santa Rita
Mountains by Drewes.

CANELO HILLS

L7
£

he Canelo Hills comprise a group of low narrow
ridges lying between the Huachuca Mountains to the
east and the Patagonia and Santa Rita Mountains to
the west (fig. 1). They extend from about 6 miles
north-northeast of Patagonia southeastward for 22
miles. The northern half of the Canelo Hills is under-
lain by sedimentary rocks of Paleozoic and Mesozoic
age and volcanic rocks of Mesozoic and Tertiary age,
whereas the southern half consists largely of silicic
and intermediate volcanic rocks of Mesozoic and
Tertiary age.

Norithiern Canelo Hills

The northern part of the Canelo Hills consists mainly
of Paleozoic sedimentary rocks, mostly limestone, over-
lain by Canelo Hills Voleanics of Triassic and Jurassic
age (Hayes and others, 1965). The basal unit of the
volcanic rocks is as much as 2,000 feet thick and is
made up of red beds, tuff, tuffaceous sandstone, con-
glomerate, and thin silicic lava flows. At most places
it rests on Permian Concha Limestone and was
deposited on a surface of moderately high relief
marked locally by a zone suggestive of a poorly devel-
oped regolith. Exotic blocks, probably emplaced by
gravity sliding, are abundant in sedimentary rocks
near the base of this unit.
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Fioure 1.—Index map of a part of southeastern Arizona, showing location of areas deseribed in the text.

1, northern Canelo

Hills; 2, southern Canelo Hills; 3, Coronado National Memorial, Huachuca Mountains; 4, American mine arca, Patagonia
Mountains; §, Flux mine area, Patagonia Mountains; and 6, Josephine Canyon-Montosa Canyon area, Santa Rita Mountains.
Index map: 4, Dos Cabezas Mountains; 8, Chiricahua Mountains; C, Dragoon Mountains; and D, Mule Mountains.

Host rocks for the exotic blocks are mainly con-
glomerate and red beds. The conglomerate is largely
massive limestone conglomerate but locally is composed
principally of clasts of voleanic rock in a tuffaceous
matrix. Interbedded with the conglomerate are thin-
bedded tuff and tuffaceous sandstone. The red beds
comprise red mudstone with a few thin and discon-
tinuous limy layers and brown medium-grained sand-
stone. Volcanic flows and tuff occur locally in the
red-bed sequence, indicating that the red beds were
deposited during a period of volcanic activity in the
region.

A typical exotic block is a bedding-plane slab lying
generally parallel to the layering in the host rocks.
Such blocks range in length from a few tens of feet
to at least 4,000 feet and in thickness from a few feet
to more than 150 feet. Most blocks are limestone or
dolomite of Permian age, from either the Concha
Limestone or the Scherrer Formation; some are quart-
zite or feldspathic sandstone, also of the Scherrer.

All the blocks are brecciated, but the degree of
brecciation is not uniform. Distance from possible
source rocks, where any estimate can be made, or type
of host rock seem to have little influence on the inten-
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sity of brecciation; in general, however, brecciation
diminishes toward the centers of blocks, so that thick
blocks are less breceiated than thin ones.

Breccia fragments of limestone are not everywhere
easily recognized owing to subsequent healing of
fractures. In some places, original fragments show up
because of slight color diflerences between them and
the healing material. The eilect of brecciation on chert
and fossils is more evident. Chert nodules, so abundant
in the Concha Limestone, are thoroughly shattered and
thelr distinctive shapes are destroyed, although the
general distribution of chert is little changed. Silici-
fied brachiopods are common in chert nodules of the
Concha, and in places the only recognizable fossils
remaining in exotic blocks are in fragmented nodules;
unsilicified fossils have been obliterated.

Fragments in exotic blocks have been rotated, at
least locally. Evidence of rotation can be seen only
in fragments of quartzite, which is laminated, and not
in fragments of the unlaminated carbonate rocks.
Parting planes generally are intact. Near the base of
one block, fragments in a thin unit of distinctly lami-
nated quartzite are oriented at random, indicating con-
siderable rotation on a small scale, but the contact
between quartzite and the overlying fragmented car-
bonate rock is practically undisturbed. Apparently
the blocks moved as bodies that were sufliciently com-
petent to preserve gross stratigraphic features, even
though beds between parting planes were disturbed
locally to a greater extent.

All the exotic blocks whose stratigraphic position
relative to the underlying Paleozoic bedrock is known
are within 300 feet of the Paleozoic rocks, and most
are within 100 feet or less. Although blocks occur
throughout this interval, within a given area they tend
to be concentrated at a particular horizon. IField evi-
dence shows clearly that at least some of the blocks
could not have reached their present stratigraphic posi-
tion as a result of faulting, and it seems likely that all
were emplaced by gravity sliding.

Examples of exotic blocks in conglomerate may be
seen north of the Canelo Pass road just east of the
pass. Iere, large blocks, mainly of Concha Limestone,
are enclosed in a unit of massive limestone conglom-
erate and volcanic sedimentary rocks. The conglom-
erate unit thins abruptly toward the north, suggesting
that it was deposited in a local basin. The blocks
appear to be ordinary components of the conglomerate,
but one exposure suggests that they may have slid on
muddy layers within the conglomerate. At this place,
the basal few feet of an exotic block of Concha Lime-
stone is typically brecciated, and the healing material

STRUCTURAL GEOLOGY

1s red limy mudstone with only sparse rounded
granules and small pebbles of limestone. The mud-
stone may represent the surface material on which the
bloclk slid.

Ixamples of exotic blocks in red beds are common
along both flanks of a faulted syncline on the east side
of the northern Canelo Ifills. Along the east flank,
part of which is shown on figure 24, the relation of
exotic blocks to source rocks is particularly well dis-
played; the exposed source rocks are the lower part of
the Concha Limestone, and the blocks too are derived
from the lower part of that formation. The surface
on which the red beds were deposited is fairly irregu-
lar, with local relief of at least 400 feet. Depressions
in the older terrane were filled in by red beds with a
thin basal conglomerate and abundant exotic blocks.
Adter the dépressions were filled, more blocks were
eniplaced sporadically within a narrow stratigraphic
interval.

87311

Souiliern Canelo Hills

The southern part of the Canelo Hills is made up
mainly of rhyolite lava flows more than 1,000 feet
thick, overlain by rhyolite welded tuff more than 6,000
feet thick (fig. 28). These rocks have a general north-
west strike, and dip moderately southwest.

Several lenses of upper Paleozoic sedimentary rocks,
largely of Permian age, are enclosed in or underlain
by rhyolite lava, and other lenses have similar, but not
entirely clear, field relations. Two are overlain
directly by welded tuff. The lenses range in length
from 200 to 3,500 feet and are as much as 750 feet in
outcrop width. Two lenses are at or near the top of
the Javas, two others are probably near the same strati-
graphic position, and another seems to be several hun-
dred feet below the top of the lavas. The stratigraphic
location of other lenses is uncertain. Carbonate rocks,
mostly limestone, are dominant in the lenses, but
quartzite is present in four of them.

The lenses have several features in common. All are
brecciated; indeed some are so thoroughly fractured
that over sizable outerop areas no fragments more
than a few Inches across remain unbroken. In some
lenses brecciation is most intense near contacts. In
general the lenses are little recrystallized, silicified, or
otherwise altered, although the limestone of some
lenses is slightly reddened near contacts. The lenses
are cut by numerous veinlets of white calcite; and
colomitic limestone may be divided into various-sized
blocks by irregular septa of lighter colored carbonate
which is dedolomitized rock. The lenses seem for the
most part to be bedding-plane slabs whose bedding is
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roughly parallel to the enclosing lavas or to nearby
welded tuff. No exposure of a contact between a lens
and voleanic rock was found.

In most places, the only rocks associated with the
lenses are voleanic. IDowever, one composite block
about 1,300 feet long consists of two lenses that are in
contact at their north ends; south of the juncture they
are separated by as much as 50 feet of conglomerate
composed of partly rounded fragments of limestone
and voleanic rock in a matrix of calcarenite.

These exotic lenses in volcanic rocks may be inter-
preted as hills of bedrock protruding through the
voleanic material, as slivers along faults, as landslide
blocks, or as slabs transported on or within lava flows.
Some may indeed be bedrock hills, but such an expla-
nation seems unlikely for long and narrow lenses that
crop out on ridgetops and have steep contacts with
the lavas. No evidence was found that any of the
lenses is a fault sliver, although at least one is bounded
by a fault along one side. All the lenses are a mile or
more horizontally from the nearest outcrop of what is
undoubted prevolcanic bedrock, and several apparently
are separated by hundreds of feet of lavas from any
underlying prevolcanic rock. The lenses could have
been emplaced by landsliding, but some are long thin
slabs that might have been noticeably disrupted during
landsliding rather than merely brecciated. Two of
these thin slabs are underlain by an appreciable thick-
ness of lava and must have travelled a considerable
distance.

It seems most likely that the lenses were transported
on or in lava flows. At present the nearest outcrops
of Paleozoic source rocks are 10 miles west or south-
west in the Patagonia Mountains, 5 miles or more
northwest in the Canelo Hills, and 8 miles northeast
in the Huachuca Mountains. The direction from
which the volcanic rocks came is unknown, so no logical
cholce can be made among these possible source areas.
It is possible, of course, that Paleozoic rocks may have
been exposed somewhere nearby at the time of extru-
sion of the lavas; in that event such extensive transport
would not need to be invoked.

Transportation by lava, although producing consid-
erable brecciation, has resulted in little or no alteration
of the slabs, presumably either because the lava was
already rather cool at the time the blocks were
entrained, or because the length of time between pick-
ing up of the slabs and cooling of the lava was very
short.

HUACHUCA MCUNTAINS

The Huachuca Mountains are a northwest-trending
range about 20 miles long in the southwest part of
Cochise County (fig. 1). The mountains are made up

STRUCTURAL GEOLOGY

of Precambrian granitic rocks, Paleozoic sedimentary
rocks, a wide variety of Mesozoic sedimentary, volcanic,
and intrusive rocks, and subordinate Cenozoic igneous
rocks.

In the southern part of the Huachucas, numerous
exotic blocks of Paleozoic sedimentary rocks are
enclosed in volcanic rocks of Mesozoic age. Some of
the most instructive examples are in the extreme south-
ern part of the range in Coronado National Memorial
between Joe’s Canyon Trail and the Mexican border
(fig. 3). Here there is a well-exposed body of grayish-
red trachytic lava, containing large exotic blocks. It is
conformably underlain and overlain by thick units of
very poorly sorted volcanic cobble- to boulder-con-
glomerate that is assigned to the Glance Conglom-
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erate of the Bisbee Group of Early Cretaceous age.
The npper conglomerate unit contains sparse limestone
clasts as well as volcanic detritus.

The trachyte seems to be a single lava flow about 200
feet thick. In most places it is a flow breccia, but
breccia is much more apparent in the upper part, some
of which is vesicular. The rock contains as much as
20 percent phenocrysts of plagloclase up to 5 mm in
length.

The exotic blocks are as much as 1,500 feet long and
200 feet high. All the larger blocks are at or very
near the base of the trachyte (fig. 3). The blocks
readily identifiable as to origin were derived from the
Permian Concha ILimestone, the youngest IPaleozoic
formation recognized in the Huachuca Mountains.
Bedding in most of the limestone blocks is readily
apparent, even though the blocks are highly brecciated,
and most bedding is subparallel to the containing lava
flow.

Breceiation in the central parts of the larger blocks
1s not everywhere easily recognized, but close examina-
tion generally reveals the limestone to be brecciated
and recemented. Brecciation is most intense near the
outer edges of the blocks, where in many places lava
fills spaces between breccia fragments. Furthermore,
the lava near the blocks contains numerous smaller
blocks and fragments of limestone, presumably derived
from the larger blocks.

These blocks of Concha Limestone undoubtedly were
shoved or carried along at or near the base of the
trachyte flow and were brecciated during transport.
Fragments of limestone that were broken off edges of
the blocks were set adrift in the flowing lava. Whether
the larger limestone blocks were plucked from bedrock
or were landslide blocks picked up by the flow is
conjectural.

Elsewhere in the southern Huachuca Mountains,
exotic blocks of upper Paleozoic rocks are abundant in
a thick and widespread sequence of intermediate vol-
canic rocks that are considerably older than the
trachyte flow described above. The older volcanic
rocks are dominantly nonwelded lithic tuffs, but some
possible welded tuff and lava have been noted.

Few if any single blocks exceed 1,500 feet in length
and 800 feet in thickness, but on the steep slopes east
of Miller Peak (fig. 1) the blocks in places are so
abundant and so closely spaced as to form masses of
brecciated limestone, virtually free of voleanic material,
that range from about half a mile to more than 1 mile
in length along strike. The enclosing tuffs are gen-
erally so poorly exposed and badly weathered that
their origin is doubtful. Therefore it is uncertain
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whether the exotic blocks were transported by ash flows
or lahars, or both.

PATAGONIA MOUNTAINS

The Patagonia Mountains (fig. 1) extend from near
the village of Patagonia south-southeastward about 14
miles to the Mexican border and beyond for several
miles into Mexico. They consist of Precambrian,
Mesozoic, and Cenozoic igneous rocks and subordinate
amounts of Paleozoic and Cretaceous sedimentary
rocks. Iixotic lenses and blocks of Paleozoic limestone
I younger volcanic-terrane crop out in several areas;
the most extensive are near the American mine near
Harshaw Creek (fig. 44) and in upper Flux Canyon,
4-5 miles south of Patagonia (fig. 4B).

American mine ared

"

he area around the American mine (fig. 44) is
underlain by rhyolite lava and flow breccia that rest
on Concha Limestone and the underlying Scherrer For-
mation, both of Permian age. The rhyolite is corre-
lated tentatively with pre-Lower Cretaceous silicic
voleanic rocks of the central Patagonia Mountains
northwest of Washington Camp, which in turn may be
equivalent in part to the lower Mesozoic Canelo Hills
Volecanies (Hayes and others, 1965).

The largest limestone occurrence is along and at the
west end of the east-trending ridge north of the
American mine. This ridge consists of blocks of brec-
ciated limestone and some quartzite enclosed in rhyo-
lite. East of Harshaw Creek this limestone-rhyolite
complex crops out over an area about 1,500 feet long
and 700 feet in maximum width; west of the creek it
is very poorly exposed but may extend a distance of
1,000 feet or more. Iastward the complex thins
abruptly and passes into limestone conglomerate that
in turn lenses out near the Bender mine about 3,500
feet east of Ilarshaw Creek. The limestone blocks are
derived from the Concha Limestone and the quartzite
from the Scherrer Formation. Most of the blocks are
a few feet across but some are much larger; the lavgest,
at the base of the ridge just east of Harshaw Creel, 1s
a highly brecciated mass of dark-gray limestone possi-
bly 100 feet or more across. The limestone-rhyolite
breccia and conglomerate lie as much as 1,000 feet
stratigraphically above the base of the voleanic section,
and the nearest outcrops of possible source rocks for
the limestone fragments are about 1,000 feet south.

A large block of coarse-grained white limestone is
exposed in a small gully west of Harshaw Creek and
along the westwdrd prolongation of the breccia north
of the American mine. It is about 300 feet long and
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is surrounded by rhyolitic voleanic rock. The ridge to
the north offers few exposures, but scattered outerops
of limestone indicate that it probably consists of lime-
stone breccias similar to those north of the American
mine.

A limestone block 1,000 feet southwest of the Ameri-
can mine is roughly triangular in outline and is
entirely surrounded by rhyolite lava and flow breccia.
The northeast contact is a fault dipping southwestward.

The limestone block is thoroughly brecciated and
bleached, and its identification is uncertain but it is
probably Scherrer Formation or Concha Limestone;
Permian Concha Limestone crops out 1,500 feet
southeast of it.

A small area of limestone breccia crops out 2,000
feet south of the Hardshell mine, 0.8 mile northeast of
the American mine (fig. 44). Ilere a knoll 500 feet
long and as much as 200 feet wide is underlain by a
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coarse limestone breccia resting on rhyolite tuff. The
brecein-tufl block 1s bounded by faults against silicic
voleanice rocks. The limestone fragments are as much
as several tens of feet across and are mostly if not
entirely of Permian Concha Limestone; the enclosing
voleanic rocks are the same as those in the American
mine area.

Flux mine area

Rocks at and southwest of the Flux mine, 4 miles
south of Patagonia (fig. 4/), are mainly silicic vol-
canie rocks interlayered with a little coarse sandstone,
quartzite and shale and intruded by a large sill( %) of
rhiyolite porphyry. This volcanic-sedimentary sequence
trends north-noxthwest, dips steeply, and is correlated
tentatively with silicic voleanic rocks of pre-Iarly
Cretaceous age in the central Patagonia Mountains. It
is overlain unconformably by silicic volcanic rocks of
Cretaceous(?) or Tertiary(?) age. Limestone slabs,
probably all of late Paleozoic age, and associated lime-
stone conglomerate are enclosed in the volcanic-sedi-
mentary sequence at the Flux mine and northwest of
the Chief mine.

Many of the workings of the Flux mine are in a lens
of highly brecciated limestone with an outerop length
of about 1,000 feet and a maximum width of 75 feet.
This lens strikes north and dips steeply west. To the
south it tapers out and becomes a thin layer of lime-
stone conglomerate. At the mine road and for some
distance uphill to the north, the rocks immediately to
the east are much-altered green andesite lava and tufl
40-50 feet thick containing scattered fragments of
limestone; farther east are rhyolite lavas. Overlying
the limestone to the west is an uncertain thickness,
perhaps 40-50 feet, of coarse sandstone and arkose.
Apparently these clastic rocks interfinger to the south
with silicic voleanic rocks, and to the west they are
intruded by rhyolite porphyry. Contacts between
limestone and other rocks are rarely exposed but seem
to be somewhat sheared and brecciated.

The limestone is a massive gray to dark-gray some-
what cherty rock of uncertain age; it might be from
the upper part of the Permian Concha Limestone or,
less likely, could be Escabrosa Limestone (Mississip-
pian).

A limestone Jens 1,000 feet northwest of the Chief
mine is about 600 feet long and as much as 100 feet
wide. It consists of jumbled blocks of fossiliferous
limestone and silty and sandy limestone, either Hor-
quilla Limestone (Pennsylvanian) or Earp Formation
(Pennsylvanian and Permian). The enclosing rocks
are mainly rhyolite lavas and tuff, with some shale and
sandstone.
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Another smaller lens 2,000 feet northwest of the
Chief mine is similar in all respects.

The nearest ouicrops of Paleozoic source rocks ave
more than 3 miles to the southeast, around American
Peak (fig. 44), but what the relationship may have
been at the time the limestone masses of Flux Canyon
were emplaced has not yet been determined because of
structural complications and uncertain correlations
among the volcanic rock units.

SANTA RITA MOUNTAINS

The Santa Rita Mountains (fiz. 1) are underlain by
abundant volcanie, sedimentary and plutonic rocks of
Mesozoic and Cenozoic age, and by small amounts of
sedimentary rocks of Paleozoic age and metamorphic
and plutonic rocks of Precambrian age. The Mesozoic
rocks include Triassic silicic and intermediate vol-
canic vocks and intercalated sedimentary rocks,
Upper(?) Triassic monzonite, Middle(?) Jurassic
granite, and a very thick section of Upper Cretaceous
sedimentary and silicic to intermediate voleanic rocks.
The Mesozoic complex is intruded by many Paleocene
(Laramide) granitoid bodies.

On the west side of the mountains, between
Josephine and Montosa Canyons (fig. 5), is a thick
sequence of Upper Cretaceous silicic voleanic rocks
that dips gently southward. This sequence comprises
basal dacitic tuff breccia and lava flows, dacitic breccia
enclosing many exotic blocks, and latitic welded tuff.
Each unit is commonly several hundred feet thick and
in places may be as much as 1,000 feet thick. These
rocks rest unconformably on a surface of considerable
relief carved across Jurassic granite. Unconformities
and the distribution of coarse conglomerate indicate
that during Cretaceous time this surface sloped west-
ward from a rugged mountain range that lay about
along the present crest of the Santa Rita Mountains.

Dacite breccia forms small bluish-gray or greenish-
gray outerops over about 4 square miles. It consists of
fragments commonly 3-6 inches in diameter, set in a
friable matrix of similar appearance. Phenocrysts in
a finely crystalline to glassy highly altered groundmass
make up 20-40 percent of the rock. The feldspar
phenocrysts are now clay pseudomorphs after horn-
blende, biotite, probably a little augite, and perhaps
an orthopyroxene. Some of the rocks contain finely
disseminated silica and a little calcite. The origin of
the breccia is uncertain, but most likely it is a flow
breccia.

Scattered widely through much of the flow breccia
are hundreds of exotic blocks of pre-Cretaceous rocks
as large as 1,000 feet across. Only those most con-
spicuous for their size, or representing some of the less
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FreurE 5.—Geologic map showing distribution of voleanic breccia containing exotic blocks, Santa Rita Mountains, Santa
Cruz County, Ariz. (fig. 1, loc. 6).

abundant lithologies, are shown by letters on figure 5.
The most abundant and generally the largest of the
exotic blocks are assorted latite to andesite volecanic
rocks derived from Triassic rocks that now crop out
only along the crest of the mountains, at least 3 miles
to the east. Blocks of Jurassic granite are next in size

and abundance, and blocks of Paleozoic rocks, includ-
ing Permian Concha Limestone, Cambrian Bolsa
Quartzite, and possibly also Permian red siltstone and
Devonian dolomite, are scarcer and smaller. Permian
rocks are exposed immediately north of the breccia
avea, but the older Paleozoic rocks appear no closer
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than 5 miles to the northeast. A few large blocks of
Triassic monzonite and some very small blocks of Pre-
cambrian gneiss were also identified. The blocks are
internally unshattered, are unoriented, and show no
spatial variation in type or size, except that where the
basal unit of the volcanic sequence is absent and the
breccia rests directly on Jurassic granite, abundant
small granite chips, apparently weathered debris from
the Early Cretaceous(?) land surface, are incorporated
in the breccia.

In a few places along the bottoms of canyons the
contacts between exotic blocks and breccia matrix are
well exposed, and where the blocks are limestone the
contacts provide considerable information about geo-
logie conditions prevailing during emplacement of the
ks, One of several limestone blocks, located in
Jozephine Canyon just southwest of the fault (between
the 3 *G" symbols in fig. 5) is shown in figure 6. The
voleanic matrix contains abundant chips of disinte-
grated Jurassic granite and some fragments of other
exotic material. The contact between block and host
shows many irregularities, and many tongues of vol-
canic material penetrate the limestone for a foot or
more. It seems that when the exotic blocks were
emplaced some of the limestone was dissolved along
cracks and the spaces were filled by the volcanic mate-
rial suggesting at least a highly fiuid and perhaps
warm environment.

Emplacement of the blocks by some sort of flowage
is indicated by the widespread distribution of the
blocks and the nature of their contacts with the host
Movement on or in a volcanic flow is the

breccia.

r'-'" Tj* P PR

FZGUF%E‘ 6.—Block of light-gray Paleozoic limestone in dark-gray
da_cxtxc breceia, Santa Rita Mountains, Santa Cruz County,
Ariz. (fig. 1, loc. 6). Arrows indicate cracks in limestone
from which limestone has been dissolved and which are flled
with a fine-grained voleanic matrix.

favored explanation, but movement in hot mud flows
is also a possibility. TPossible source areas of most of
the exotic blocks lie to the northeast, suggesting that a

voleanic source also lay in that direction, conceivably

in the area now occupied by a Paleocene (Laramide)

dioritic pluton. As already mentioned, the Cretaceous

land surface sloped westward, so that the requisite

gradient was available for westward movement of

the flow breccia. Some of the little exotic blocks may

have been ejected from a vent, some, larger exotic blocks
may have been incorporated into the base of the
breccia during flow, and possibly still others fell into

the breccia from adjacent steep slopes.

PALEOGEOGRAPHY

During the past few years, extensive fieldwork and
radiometric age determinations by members of the U.S.
Geological Survey have revealed a tectonically eventful
early Mesozoic history in much of southeastern Ari-
zona. Little information had been available for the
interval between the Zarly Permian and Late Cre-
taceous, although previous workers recognized that
both plutonic and voleanic rocks had been emplaced in
that interval (Ransome, 1904, p. 84; Schrader, 1915,
p- 54, 57-60; Gilluly, 1956, p. 53-70; Sabins, 1957, p.
506 ; Cooper and Silver, 1964, p. 71-73).

The data at hand suggest at least 2 periods of wide-
spread volcanism, one of Late Permian or Early
Triassic age and one of Late Triassic or Early Jurassic
age, as well as 2 periods of plutonism of Late Triassic
and Middle Jurassic age, respectively. The products
of the volcanic episodes have been recognized over an
area of 3,000 square miles, including in addition to the
mountain ranges discussed herein, the Little Dragoon
and probably the Dragoon Mountains. These voleanic
rocks are separated by regional unconformities from
the underlying Paleozoic sedimentary rocks and the
overlying Lower Cretaceous rocks. No volcanic rocks
of Triassic or Jurassic age have been identified farther
east, in the Mule, Chiricahua, or Dos Cabezas Moun-
tains, and in view of the considerable amount of work
that has been done in these ranges it is unlikely that
any are present. We do not know whether their ab-
sence is due to erosion or to nondeposition. Little de-
talled geologic mapping has been done immediately
west of the Santa Rita and Patagonia Mountains, but
1 will not be surprising if lower Mesozoic voleanic rocks
eventually are identified in the Pajarito, Atascosa,

-Tumacacori, San Luis, Las Guijas, or Cerro Colorado

Mountains.

The many exotic blocks, some of which probably are
far travelled, as well as conglomerate at several Lovi-
zons in the voleanic sequences, attest to widespread
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tectonic activity during the early Mesozoic, and the
region may well have been the source of voleanic ash
and other volecanic debris in the Triassic and Jurassic
rocks of northeastern Arizona.

5
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Geologic mapping ¢f the Moung 2 quadrangle has been completed

recently by the U.S. Geological Survey, As a result;, X am sble to present
a summary (table 1) of the rocks cxposcd and to indicate their agas and
relations with each other. The Mesozole rocks ave emphasized becausa the

local geologic record of this era iz more couplete in the southerm part of
the Santa Rita Mountains than elsewhers in southern &rirona., For example,

.8:‘““
there is evidence to imdicate ther about 10,000 fest of voleanies (imcluding

pillow lava), eolian sandatona, and posgibly evea ved beds was deposited
during Triasssic time and that these rocks were intruced by « monzonita stock

before the end of that period., It iz hoped that weicase of the data at this
time, priocr to the final publication by the U.8. Geological Survey, will
stimulate iu the geological community of southern Arizona & timaly interest
in soms of the complex problems of the Mesozole tectomic aistory. Solutiome
to these problems may suggest uew approaches Lo minerals exploration in this
region,
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nearest of these to southeastern Arizona is, to our knowledge, a few
miles east of Soda Lake in San Bernardino County, Calif., about 400
miles northwest of the Canelo Hills. The Canelo Hills Volcanics and
possible equivalent rocks elsewhere in southern Arizona may be the
sources postulated by Stewart, Williams, Albee, and Raup (1959,
p. 523) and Cadigan (1963) for volcanic detritus in the Upper
Triassic Chinle Formation of northeastern Arizona.

P L]

0 500 MILES

1 L |

FI1GURE 2.—Previously known distribution in Western United States of
voleanic rocks of Late Permian, Triassic, and Jurassic age (stippled),
and areas underlain by Canelo Hills (larger solid black area) and
Walnut Gap (smaller solid black area) Volcanics in southeastern
Arizona. Previously known areas from McKee and others (1956,
1959) and Gilluly (1963).

CONTRIBUTIONS TO STRATIGRAPHY

LOWER MESOZOIC EXTRUSIVE ROCKS IN
SOUTHEASTERN ARIZONA—THE CANELO HILLS
VOLCANICS

By Priute T. Haves, Frank S. Simons, and Roeerr B. Raup

ABSTRACT

The name Canelo Hills Volcanics is here given to rocks extensively exposed in
southeastern Arizona. The formation includes thick units of rhyolitic lavas and
tuffs and subordinate sedimentary rocks and is assigned to the Triassic and
Jurassic. Other volcanic units of southern Arizona, previously thought to be
younger, may also be of early Mesozoic ‘age.

INTRODUCTION

A thick sequence of rhyolitic tuffs and lavas and interbedded vol-
canic sediments of early Mesozoic age has been identified by the
writers in the Canelo Hills and nearby areas in eastern Santa Cruz
and southwestern Cochise Counties, Ariz. This sequence of rocks is
herein named the Canelo Hills Volcanics. The only other volcanic
rocks of this age previously reported in southeastern Arizona—the
Walnut Gap Volcanics—are poorly exposed in a few small outcrop
areas in the Gunnison, Johnny Lyon, and Red Bird Hills, about 55
miles to the northeast (Cooper, 1959, 1960; Cooper and Silver, 1964).
Volcanic rocks of possible Triassic or Jurassic age were mapped by
Gilluly (1956, p. 68-69) near South Pass in the Dragoon Mountains,
about 40 miles to the northeast, but local geologic relations do not
permit definite dating of those rocks. Fieldwork of Simons in the
Patagonia Mountains, 10 miles to the southwest, and of Harald
Drewes (U.S. Geol. Survey, 1963, p. A92) near Mount Wrightson in
the Santa Rita Mountains, about 15 miles to the northwest, indicates
that thick sequences of post-Paleozoic and pre-Cretaceous volcanic
rocks are present in those ranges. Elsewhere in southeastern Arizona,
Sabins (1957, p. 506) and Gilluly (1956, p. 67) noted volcanic frag-

M1
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ments in the basal conglomerate (Glance Conglomerate and equiva-
lents) of the Lower Cretaceous Bisbee Group. These occurrences
suggest that post-Paleozoic and pre-Cretaceous volcanic rocks once
may have been widely distributed in southeastern Arizona. The se-
quence exposed in the southern Canelo Hills is the first yet discovered
that can be dated with certainty on geologic evidence as younger than
Early Permian and older than Early Cretaceous.

CANELO HILLS VOLCANICS

The Canelo Hills Volcanics is named for its exposures in the Canelo
Hills (fig. 1), its type area. The formation is subdivided for descrip-
tive purposes into three thick units: basal interbedded volcanic and
sedimentary rocks, rhyolitic lavas, and an upper welded tuff. All
three units, however, are not everywhere present.

COCHISE COUNTY

31°30"~

|
, UNITED|STATES
110°30° MEXICO
S

0 10 MILES
L " L L ! J

FI1GURE 1.—Geology of Canelo Hills and vicinity. QTc—conglomerate, gravel, and alluvium
(Quaternary and upper Tertiary); TKvs—post-Bisbee voleanic and sedimentary rocks
(lower to middle Tertiary and Cretaceous); Kb—Bisbee Group (Lower Cretaceous) ;
JFr, rhyolite porphyry (Jurassic and Triassie) ; stipple pattern—Canelo Hills Volcanics
(Jurassic and Triassie) ; and pT%r, pre-Canelo Hills Volcanics (mostly Paleozoic).
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altered biotite(?). Modal analyses of three specimens gave the
following results, in percent.

Range Average
QUATHZ o oo sm mmm s s s s i i 4.0- 8.1 6.5
BANIAIG . om0 0 i i 21.2-26.5 23. 2
GROUNAMNRSE . o e oo i o i o B S 1 i i 68. 7-70. 7 69. 8
OtheP. s oo o it e s s e e i AR SRS 3= .7 .9
Total - - - e e 100. 0

The only contact metamorphic effect of the rhyolite porphyry on
the welded tuff wallrock seems to have been the nearly complete
destruction of shard outlines and eutaxitic texture, which elsewhere
are generally recognizable even after thorough devitrification.

AGE OF CANELO HILLS VOLCANICS

The Canelo Hills Volcanics can be dated, on geologic evidence, as
younger than Early Permian and older than Early Cretaceous. The
formation unconformably overlies Lower Permian formations, and in
several localities, large masses of Permian rock are included as exotic
blocks in the lower two units of the Canelo Hills Volcanics. The
earlier mentioned occurrences of the basal conglomerate of the Bisbee
Group unconformably overlying the welded tuff unit indicate that the
Canelo Hills Volcanics is probably of pre-Cretaceous age. The
formation is here considered as Triassic and Jurassic.

This early Mesozoic age assignment for the Canelo Hills Volcanics
is substantiated by a potassium-argon isotope age determination of
biotite from the welded tuff unit 2 miles southeast of Canelo Pass in
the northwest corner of the SE1 sec. 29, T. 22 S., R. 18 E. The age,
determined by S. C. Creasey of the U.S. Geological Survey (written
commun., 1963), is 17327 million years; thus, the welded tuff unit is
probably Late Triassic or Early Jurassic in age.

REGIONAL CONSIDERATIONS

Although, as stated, certain volcanic units in southeastern Arizona
have been assigned a tentative early Mesozoic age, and although vol-
canic detritus has been identified in the lowest Lower Cretaceous con-
glomerates, heretofore there has been no conclusive evidence for an
early Mesozoic age assignment for volcanic rocks in the region. It
seems possible, if not probable, that some of the voleanic rock units
assigned a Late Cretaceous or early Tertiary age elsewhere in southern
Arizona are early Mesozoic. Some previous ideas on structural
relations might warrant reappraisal.

Volcanic rocks of Late Permian, Triassic, and Jurassic age are
present at many places in the far Western United States (fig.2). The
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1 2 1 2
Si05. cmnc e e 78.1 74.57 HO0— . 19 oo
AlDse s ccncvassaox 11 12. 58 HiO4 oo cnmmnnn 1 . 66
.75 1.3 L T0 ) S 15 « 17
08 1.02 PeO0s-:c sovmemmsmmies 0 07
2 11 MO oo smm 04 05
. 07 + 61 COs e m s <06 cscas
.92 413
7.4 4.73 Total ..._____ 99.9

Norte.—Powder density, air pycnometer, 2.58.

1. Rhyolite welded tuff, center N sec. 34, T. 22 8., R. 18 E., Lochiel quadrangle,
Arizona. Lab. No. 150243. Rapid rock analysm by P. L. D. Elmore, S. D.
Botts, and G. W. Chloe, U.8. Geol. Survey.

2. A;/er;age alkali rhyolite plus rhyolite-obsidian (Nockolds, 1954, p. 1012, table 1,
col. 4

The fine-grained devitrified groundmass of the tuff obviously has
approximately the composition of a mixture of slightly sodic potas-
sium feldspar and quartz. The very small amounts of CaO and Na.O
are notable; rocks of such composition (CIPW class 1, order 3, rang 1,
subrang 2) are represented in Washington (1917, p. 56-59) by only
10 analyses of rhyolites, 2 of pitchstones, and 1 of felsite.

RHYOLITE PORPHYRY

An irregular body of rhyolite porphyry intrudes the welded tuff
unit on the southwest side of the Canelo Hills but is probably only
slightly younger and may have come from the same magma chamber;
the two rocks are certainly similar in composition. Fragments of the
porphyry are locally present in the basal conglomerate of the Bisbee
Group; so, the porphyry is older than the Bisbee, and probably pre-
Cretaceous in age.

The contact between the tuff and the porphyry, although exposed in
only a few places, seems to be roughly parallel to the strike of the tuff.
Wherever exposed, the contact is frozen and the texture of the intru-
sive rock is porphyritic right to the contact, although the groundmass
is slightly finer grained at contacts than elsewhere. In a few places
the rhyolite porphyry shows vague flow layering within a few inches
of a contact, but in general it has no apparent linear or planar struec-
tures. At one locality the porphyry near the contact is sheared and
brecciated as if some movement had occurred during or slightly after
consolidation.

The porphyry is a uniform rock composed of conspicuous pheno-
crysts as much as 5 mm across of quartz and pale-red to white feldspar
set in a pale-red very fine grained to aplitic groundmass. In thin
section, subhedral and embayed grains of quartz and very dusty pheno-
crysts of perthitic sanidine are enclosed in a fine-grained intergrowth
of dusty potassium feldspar, quartz, and a little iron ore and much
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BASAL INTERBEDDED VOLCANIC AND SEDIMENTARY ROCKS

The basal unit is present at many places in the northern Canelo
Hills, where it rests with marked unconformity on Paleozoic carbonate
rocks and is as much as 2,000 feet thick. The lowest part of the unit
shows much lateral variation. In the northernmost Canelo Hills, red
beds such as those described by Feth (1948) as Canelo Redbeds, minor
conglomerate, and sandstone are dominant at the base; southward,
clastic rocks are subordinate and interbedded thin silicic flows and
tuffs are dominant; and near Canelo Pass, thick limestone conglom-
erate overlies the Paleozoic rocks. Interlayered thin beds of volcanic
and sedimentary rocks are typical of the upper part of the unit.

South of Canelo Pass the best exposures of rocks tentatively as-
signed to the basal unit are on the southwest side of Lone Mountain
where nearly 2,000 feet of beds is exposed, apparently bounded on all
sides by faults. Clastic sedimentary rocks probably make up more
remainder. Sandstone is dominant, but conglomerate, siltstone, and
than half of the basal unit, silicic tuffs and lavas constituting the
shale are also present.

Volcanic rocks in the basal unit are rhyolitic to latitic in composition
and consist of both pyroclastic and flow rocks. Tuffs, some weakly
welded, are dominant. The lavas are porphyritic and most show
poorly defined flow structure. The lavas are pale red to moderate red,
and the tuffs are pinkish gray to moderate red. Conglomerate is made
up of subangular to rounded fragments as much as several inches
across of limestone, quartzite, and silicic volcanic rocks in a poorly
sorted reddish-brown matrix. Some of the conglomerates are mono-
lithologic. Sandstones are pale red to reddish brown and are generally
tuffaceous. The siltstone and shale range from pale red to moderate
red or reddish brown.

A striking feature of the basal unit is the presence of scattered exotic
blocks of highly brecciated Paleozoic limestone as much as several
thousand feet long. We regard these as ancient landslide blocks.

RHYOLITIC LAVAS

The rhyolitic lava unit crops out extensively along the northeast side
of the southern Canelo Hills. Smaller outcrop areas are along the
crest of the Canelo Hills, on Lone Mountain, and in the southeast part
of the Huachuca Mountains. The greatest exposed thickness is on the
northeast side of the Canelo Hills, about 5 miles east-southeast of
Canelo Pass, where more than 1,000 feet is present.

The base of the unit is not exposed except possibly a short distance
west of Canelo Pass and at the north end of Lone Mountain (fig. 1).
At those places, the lava flows rest on Paleozoic limestone, outcrops of
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which are too small to be shown at the scale of figure 1. This lime-
stone may have been bedrock of an area in which the basal unit of the
Canelo Hills Volcanics was not deposited, but more likely it makes up
large exotic blocks enclosed in lava. The lavas are overlain by welded
tuff.

The lavas are sparsely porphyritic rocks that range from mainly
pale to moderate red to grayish red and light gray. They character-
istically display highly contorted flow layering and tend to split
easily along the layers. Many flows were strongly brecciated. Gray
spherulites a few centimenters in diameter and lithophysae as much
as 1 foot across are abundant in some flows. Although probably more
than 95 percent of the lava unit is made up of lava flows, it does con-
tain a few tuff beds. Locally, red welded tuff similar to that in the
overlying tuff unit seems to be interlayered with the lava flows.

All the lavas contain scattered phenocrysts of cloudy sanidine 1-2
mm across, and some also have sparse phenocrysts of quartz, sodic
plagioclase, and (or) altered biotite. Phenocrysts make up less, ordi-
narily much less, than 10 percent of the rocks. The groundmass in all
thin sections examined is patchily devitrified glass, usually spherulitic,
and shows contorted flow layering.

WELDED TUFF

The upper unit of welded tuff makes up most of the southern Canelo
Hills and also crops out extensively at the north end of the Canelo
Hills, on and near Lone Mountain, and in several large areas in the
southern part of the Huachuca Mountains. The greatest apparent
thickness is along a southwest-trending section on the southwest side
of the Canelo Hills about 4 miles southeast of Canelo Pass, where a
thickness of about 6,400 feet is indicated without either base or top
being exposed.

The welded tuff rests with apparent conformity on the rhyolitic
lavas where they are present. Elsewhere, as in the Huachuca Moun-
tains and northern Canelo Hills, the tuff lies unconformably on vol-
canic rocks of the lower unit or on Paleozoic formations. The tuff is
unconformably overlain by various younger formations. The oldest
rock overlying the tuff is conglomerate at the base of the Bisbee Group
of Early Cretaceous age. This contact is well exposed at the south
end of Lone Mountain near the center of sec. 36, T. 23 S., R. 19 E.,
and about 2 miles to the east in the Huachuca Mountains.

The welded tuff sequence in the northern Canelo Hills crops out no
closer than about 5 miles from the dated tuff south of Canelo Pass.
Correlation of these tuff sequences is based on similarities in their
textural features, mineralogy, and geologic relations. The northern
sequence is dominantly welded tuff, but unlike the southern sequence,
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it comprises several cooling units commonly separated by less welded
ash beds and very thin flows. Lithic fragments in the tuffs tend to
be more common in the northern sequence.

The welded tuff is a porphyritic rock ranging from moderate to
grayish red to pale red or grayish pink. It invariably contains con-
spicuous 1- to 3-mm phenocrysts of clear quartz, pink to white feld-
spar, pumice lapilli, and lithic fragments. In many places the
fragmental character of the rock is clear, and the attitude is indicated
by pumice lentils; elsewhere, the tuff is so massive that it is almost
unrecognizable as a layered rock.

The welded tuff is commonly separated from the underlying silicic
lavas by light-gray and greenish-gray nonwelded tuff as much as 30
feet thick. In some places the nonwelded tuff is missing and in its
place is a breccia composed of closely packed fragments of silicic lava
as much as 6 inches across in a sparse sandy matrix of quartz, feld-
spar, and glass. Locally, the welded tuff may rest directly on lava.
In one small area the tuff is welded to the underlying lava as if the
tuff were very hot or the lava were still hot when the tuff was de-
posited. The dark vitrophyre zone so commonly found near the base
of welded tuff cooling units is absent; this zone, if it ever existed, is
unrecognizable now owing to devitrification.

Excellent exposures of the lower few hundred feet of welded tuft
show a gradual change upward from soft, rather porous, and non-
welded tuff to hard and densely welded tuff, and an accompanying
change in color from light greenish gray to grayish red. In thin sec-
tion the densely welded tuff consists of euhedral crystals, embayed
grains, and fragments of quartz and cloudy perthitic potassium feld-
spar 0.5-3 mm across, together with sparse much-altered biotite and
lithic fragments, in a matrix of completely devitrified bent and
compacted glass shards and highly flattened axiolitic pumice lentils.

Modal analyses of 14 samples of welded tuff from various places in
and near the southern Canelo Hills gave the following results, in
percent.

Range Average
Quartz . _ o e 4.7-15. 3 10. 4
Potassium feldSpar_... s cossmmmsn mmmmmmmmssmm—m 9.9-33.5 14. 6
Other minerals (biotite, iron ore).___ . _________ .0- 81 1.6
Lithic fragments. ... = —comcsor soo smuews sawsms e .0-3.5 T
GEOUNAMBEE . — o im0 S I 52. 5-80. 0 72.7
Loball ettt e e a e _=mmemene o men il n _ene e 100. 0

Chemical analyses of densely welded tuff, together with Nockolds’
(1954) average alkali rhyolite, are as follows:
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