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‘Field Work

oS "rh:s.s roport is buod upon field work dano i.n the summer of 1937 lnd on
uak ends during the achool year of 1937-38 and upon laboratory invostigations
at the Univarsity of Arisom during “bho school year of 1937-38, :

As no adoqmto topogrsphic map of the region was availablo, the rirat
step was to uko one. A base ]J,na was set up on the @stern slope of the
l1ittle Dragoon Mountains, a transit and ateei tape being used to measure it.
The a zimuth of this bue line was utabli:hod by solar abaemtionu. By means
o.f a transit a tmnguhtion syaten us oxhandod from the base 1ino into the
area. The altitude of a station on Line Puk was estahlished by an observation -
from a United States Goological Snrvey bench urk stalpcd 156H 1097 which is
situated on the right of way of the Sonthsrn Paciﬁ.o Railway ene-qurt.or mile
Uontbnat of t.he 8 ut:l.en at Drazoon, Arism. The vertical angle was measured
"by use of the Stobinger drun on an andsdo lnd tho horizontal distance was
scaled oﬂ’ upon a photograph of the rogion taken by Mrchﬂd Aerial Surveys.
A map on the scllo or 1 inch eq\ula 1,000 feet was made by Plane table lnd

; Aolmwledgngﬁq . S 5

| The mm wishu‘ta‘ achml.dg.’ uu‘ivork done by the entire faculty
of the Deplrtmnt o.f Goohgy of the Univoraity cf Arizona in criticiling md
comcting his nnnacript., and the h.lp er meeﬂsor A. A. stoymw of ‘this
department in the ident.lrication of fauih a.nd the aolntion of é;;ﬁ;rlphic
‘problenn Aclmowledgmnts are also due to F. Stearns Cook and Arthnr Peck Jre

for aid in upping the area covered in this report.
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Tho writer extends his thanks to the owners and the mger o.f the Seven

. Dash ranch for their hospitality. He wishes: eapeoially %o thank llr. Brian

Whalen, manager of this ranch.

Prcviens invutigatiann ;
Prior to 1925, the only litoraturc available on thearea was in the fan

of short reports eeneeming the nining diatrict around Jnhnson, the bnt one

of which was writt.on by L. Q. Kcllogg and publi-hod in Vol. 1 of Eeononic %

Geology in 1906. In 1925, H. H. Dlu‘bon of the United States Geological Sur=

vey mde a roeomuiuance survey or thc area widch m covered in one short

‘ paragrsph in h.ts bullctin No. 119, np Rum of Arilm. In 1927, Robert E. |

S+ Heineman wrotq a master's thesis on "The Goology and Ore btpoiitl of the

Johmon Mining Dintrict, Arizona®, vhich ofters thc best infomtion available

- ‘on -the nining @atriet of the area. In 1938, F, Stearns Cook 'rote A mtcr'a

; thesis, "The Geology of the Seven Duh' naneh Area, cochin Cmmty, Arizona®,

~based upon information he had collected during 1937 while engaged with the

vir.'iter in examining the area. The geblbgieal nip px?cpirad by Cook and mexi

‘of the information gatered by him is, with his consent, incorpex_aiicd into thia :

report. i o |

Lmtion : : TRk :

The area nnder comidontion ccnrs t.ho m’um hllt 02‘ the Little Dragoen
llountuns which are about seven miles northnat of the tm o:r Drazoon, Cochise
‘County, Arizona, in 7. 15 S., Re 22 E., measured from the ¢ila and Salt Hver -
prinoipal neridim and base line the area: oovcra npproxintely uenn aq\nre
" miles, The Seven Dash ranch, which is in the heart of thearea and mc_h served
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the n':!.tor as a. baso of oporationa, can be reachod by a thirteen -110 dirt road

..fron Willeox. Both Willcox and Dragcen arc on the Srmthern Pacific Ba.ilny and

Arizona State Highway No. 86,

Climate

The rogion is typieally soni-u'id, the rainfall averaging vnly tixtun
and om-hqlf inchu . The pmecipiution cms ;.n twe rainy seasons, one during
the winter nonths and one dux-ing July and August, Much of the rain- comes as
sudden vicrlcnt downpours which mh loose debris dm the h:lll slopés and £ill
the usually dry stream beds vit.h mhinz tarronts. loat of the degradation of
this area 1a earricd on by these "cloud bursts." w.tth the mcpt.ion of one
aprinz, located on the southcutm flank of the rame, all utor suppliea are
obt&imd from wells. :

The ugion experieneu L aomidonblo range of tenperature. ; During the
summer the tenporaturo ny riﬂo as high as 100 dagml Fahronhait, but mﬂ.ng to
the Qla‘ntion, which is 5,200 feet at the ranch, the nights are aool. : rhodily
'tempentnro range undcr mse conditions ny ‘amount. te as much as fitty dsgron.
Thia is an imporhnt fnctor :i.n tl'm oruiml promsu of the rogion and the
hillcidu lro mantled with more tnlua than the lhorl'. but violent rainatma
 can carry away. Although the abundant sunshine knp. the days confortablo, ‘
| freezing nizhta are common ‘during the Iintcr nonthn, and a faw light snows are
to be ezpoctcd. ;

. ’Flora and raum :

The rocky alopes e.f 't.ho regian snppoz'l'- a lcanty wgetl.t:lm, and the floorl '
of the canyons have a mach huvm- mtla. on thc mp.s cactus is ‘abundant,
espec:l.ally the ru.nlmr, bmol, M Pﬂﬂﬂ: P!ﬂ'. ObhOr phnts and thrublm
agave, yaeca, catclaw, unnniu, and’ nuqu:lto. on thn northern alcpu piuoa,
juniper, and uuntin ash grow. ;n the unyons l_j.u oak, walnut, and here and
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there a 'cottomvoéd. are found as well as heavier grewth of the plants found on

the siopes. Graas grows cvorywhora but on tha very smpest slopsn and .upports
the cattle from the Seven Duh ranch. o ; ‘

Game is abwhdant, especially Gambels quatl, rabbits, and deer, Bebeats
p.hd coyoﬁas so;u‘to th\tiio on the game. Rattlesnakes are scarce, bu£ king snakes
are more sbundsnte ' ey

_ PHYSIOGRAPHY e .
The Little Dragoon uenntaim lic in what I"ennonnl ternms tho Mexican E:Lsh-
2

lands viich is a subdivision of Gilhert's Basin md Bl.nge prevince. Like tho
Great Buin, the l(exican Highllnd is half lount;in and half phin and differo

fron the sqnoran Dasert in that the htt.er hu a hrgar propertion of desert

: phina and 13 Al 1 zenera.l, lmr. Tho nounuina in 'bhe uttla Drugoon area rise.

_'fron t.lu San Podro Valley on the west and tho Sulphur 8pring: Valloy on the east
to an elevntion of 6, 700 Idét. ~ Thny m xbont m l:l.ha lon¢ ud oight nilea
wide and trend in a geperal north-sonth direotion. ,In tha Tml Gmyon rogion

~ ‘at the south end of thn rmso crodiol 1: mdoii lu ftnlﬁ.ng t.nd jointing in =

hoziogeneous iznaoua rock," andn'n'guru such n "hoodzou" bthaeed roqks, and
rounded boulders typical of neathoring af this type of rock 1n a uni-arid clinto
’are the esult, In the uin range ot tho mtt:lm the eontselling Iuwru are
fmltl and the variable rcsiltance of the tiltod sediunury nnd ntmx'phie

rocks. : - ; ; ;
The prominent ridge capped by antf-for-ing Escabrosa. limestone is the

‘ main topographie .tutm. It is brohn hto isohtod pulu ;ha places by levanl
, Iault—gud-d depressions. '.l'ho diviuion of Lilt Poak from Littl. Lilo reak in the

: Fermnn‘, Nevin M., - Pysiomphy of the Western United Statua

loGrm-Hill Book Co., p. 379=393, 1931.

Gilbert, G. K., = Report upon the U 8. Geol, Surveys w”t of
. 'the 100th horidhn, vol. 3, Pe 21-h2, 1875. :



u.storn part of the mnge :Ls an omllont cxuple. Encireling these main peaks

; : on the north, lclth, and mst, are lecondary ridgu fornd by the resistant

. cubrian nnd pre~Cambrian quartaites. The Jott Gusbrisn pandstons dove the.
Piomer ahulo, and the Pinal sechist bolw tho qurtaito form gentler slopes.
-7Lt the ext.reu northust. where thc ndimntn dip under the valley ﬂoor, sub- -
_dued hills with yows of pramimnt +idges re formsd by alerndting hard and :
soft limatene beds of tho !hco fomtien. Other prominent features are the
diha~like walls ferned by vertioal hym of purple quartzito, and by eu‘bcropl |
of duzl:l.ng white vein quartl in ‘the aoft Piml uehia'b. hny ef the doap

3 mrrcw unyons;of the region are zuidod by faulvs.

o STRATIGRAPHY 5y

Sedinentary rocks o
LMh Group. Lying with anguhr unconformity upon. the Pinal schist

is the Apaeho er.p of R&nlon.B Originally‘phcod in the Canbr;\an, but more

rwontly considered .Proto,rcuio«it has hoﬁ ph_.._oéd'.in the llat.ter division by .

the writer, b i | |
Exclnsive of the Troy qaartsitc which hu been ahwn to be Cubrian in

ago, the st.andard scction of the Apaeho group in the Mescal Mountains, aceording

4 i: as felluu

; rroy Quartzite

to Rannu,

b, Vesicular basalt ﬂu. 25-’75 .t'eet _

o Mescal limestone. 225 feet . s, B ;
'..w. Thin, varicelored, more or less dalonitie bedl
: with eonspicuous cherty

O m

» Dripping Spring quartzite 450 feet . . =
e o  Fine-grained, varicolored, arkaaic qurtsite,
Apache . much of it with dark red and gray banding, Tt
Group . Partings between beds net distinet. Bim:lo urb.

+ Barnes conglomerate: 10-55 feet

Well-rouned pebbles of hard white or pink i
qurtzito, with some white vein qunrbs imbedded
. in matrix of arkesic grit, :

.« Ploneer shale. 150 feet

Maroon shale, arkesic : 'urtsitie near ths bm 2
Scanlan conglomeralte. O-1 ? i

Inperi‘octly rounded pebblu of white vein quarts '

i




e 5 .
~and schilt in a ntrix ot loul derivatian.

Pinal 8¢hi:t »

3 . Ransome, F.; Loy = Géology‘of the (lobe, Arizona, copper
‘ ’ 3 : district, Arizonas U, S. Geol. Survey
Prof. Paper 12; p. 23-39, 1903,

Rangome, F. L. s = Some Paleozoic sectiom in Arizona and .
ke - their correlation: U.S. Geol, Snruy Prer
Paper, 98k, 1916,

4

/.

In Plpporum Canyon in tha San'ba Ca.ttlinl xmmu the seetion of

2 €

the Apache group, aacording to Stoyanow, 1; a8 follm:

Troy Qua.rtzito

« Un-named sandstone. 325 feet, .
‘s Purple sandstone of angular quartz grains
in a sericitiec matrix. Intraformational
: eonglmrato 30 feet thick at base. The
‘upper 150 feet are slabby and show imd
cracks near top. :
Dripping Spring quartzite. 300 feet. i
Fine-grained arkesic yellow to brmm quarta- e
Apache.‘ ite as in type section.
Group . Barnes conglomerale 37 Feot,
- AB in type section.
Equivalent of Piomeer shale. 385 tuta 7
At the base light gray coarse-grained sand-
stone, with well-rounded pinkish pebbles in
sericitic matrix, 120 feet. Above it is a uttlod,
banded, fine-grained, red to gray quartzite.
- The upper member is a hard; slaty, nght gray am-,
sandy and mi¢aceous near the top.
Seanlan conglomerate.. Jgplua or linnl tnt.
As in typo untim. N BORINGESUS &

ram.to (Archnaa)

Qooacq

¢

mooooo'ooot

Both the Hamal liu:tone and tha huglt au nism :m the Litt.le |

: Dragoen ﬁuntaim utho‘gh ﬂw rm o:t th. grnp m prnent ﬁhey are much

thinner than m their typo mtion uh:lch is nmorthwest .r thhm. ; A,

' 'tninning Soihid the sou‘bhmt is also nmd in the w,ue nngoen uounmns

g

Stoyam, A. A.." - c»mlation t.i' Arilom Paluzoic femtiama o
: Bu1136 of the Geol, Soc. o.f Mr., vol, L7, Pe h??,
1936,



i t.huulvea y and in the Dragoon neunta:!m tcn niles mthust of tho L:L't.tlo

Dragoom s the Apagche group in absunt. 5

. Seanlan conglonenu. | : : ,
; At the base of the grnup 15 a cqnglammte urying i‘ron several
.- . inches to a ma.ximm ‘thickness m“; six teet. This conglmﬁtc ia composed of

' angular or slightly » rcunded pebb}aes ar nhit«a cmtalltna quartz, a few red.

i jupor pebbles and ‘some ﬁ'awnts of Pi.nal sohilt. Thcu are elosely paakcd
and censnted by a pnrplish zritty PR L |
' 2. Pz.onur shalo, :

: The Seanlan conglonera‘be méerlies and grades nmm 1nt.o tho
Pieneer shale. This member variel in thieckness from 390 fut in t.he nert.hsm
part of the area to twenty faet in the extm aeuthcut. At the ban iz a
: :nassive blue te purph, eoarse-graiud u.ndstem pebbly 1n ph.cu and containing
gray and brown bands. Sem&l lensu ef canglolerate 3:1.!11&:' ‘bo t.he S&anla.n
congloumte but extremely thin tre faund in thia baul portim of the Pionocr
iy shale. This lower .andstena grachs npnard into & oras»badded, ripple-—mrked
undy shale containinz a falr seﬁ. sandstone lansn. “The ahnh nrica in
| celer fron purple to. uroon, is hmndld with purple, gray, and brm banda,
and contains nny nmguhr blouhad cpota. At tho top is a M, oren-
bedded sandstone.. m m-bor TR whole is soft and mu-acmtoa m mth-n
to angular, blocky fngnentu, and aubﬂued tlopu »

- Near the top is a diabase sill um»gﬁ‘m fi'u to 7& foot
g in thiehmss is found :ln nvornl p.’h.ua intmding tho mlo anda‘l.tomx it
."'itosmexbant. v ’ S
| '3. Barnes conglmnto. i 4 : :
Reatiag confembly upon the P:Lmer shale is ‘the Bamu ecnglnnrate.

2 This neuber is a thin, persistznt eonglmrate composed o.t' ull—ro\mdad pobblu
oy maf white vein quartu, brm quartzite, and jasper, some of uhich :!.s banded with

whito quarts in a matrix or rathcr coarse arkosic undstcm whieh graded into

; qurtziu. in ph“l. T_h_o ntzix‘ varies 1n g:o}ir :tfron_,. gray to purple or. pink.



; 'rho p.bbha range .trcun m to 8ix 1nchu in diameter, bnt the njerity m

‘ appraximtely two inehes in diamtar. : The cunglourat. 1: very msnunt anﬂ
shows pronimnt ontcraps. Its thickness varies from five to fifteen rcet, thin-
. ming toward the southeasts - ‘
- L. Dripping Spring qusmm- L
Ovarlying tha Barnas conglmmto is a 1ayor of quartzite and hnrd <

sandstonem 'bmnty to 135 feet in ‘bhielmcss, prevailingly pink to purple at
: the bottou, but- grldﬁ.ng npn.rd Thto brown and gray. ‘This utwm ranges P o
‘& mediwn-grained, hard gyndpum at m hotm 6 & fim-grained, hard qum-.'
- zite at the top, It. ordimrily fom 614£f5 with the Bumes eonglmrute and
and evor]ying cuhrian qmrtn:ltu. g g : ‘

Gambrian, | , &

v i 1.1. 'rmy-Bolu qurtuite.

2 Rn‘bing with nening eonfomity on tha Dripping Spring qurtz.tu A
anothcr quartsito fomticn. Kt tho bue a layor of conglonerate oonsiating nf" o2

5 pink, flat, mguhr pieces af Dripping Sprl.ng quartzite in a purple qnartzite

: mtrix n;f or may not be pruent. Thia emlmmtc ruchu a mx:l.m thicknua

of seven !‘cet near lut.ion II. It thina both north and sonth of mtian u and
awntully diaappun, M u rmmd agum tmrd th- ext.rone so\\’ohmstorn portion -
of tho area where it is aheut six inchu thiok. Overlwinz the ﬁmzlmr&tn vhorc 5
it 1. pruont or ruting with smth but d.tuemtbh contact on the Dripping
Spring quartzite mro tha conglmntc is abnnt, 13 a reddhh to tan quartzite,
cross-bedded, fim—grained, und hu'd In phcu it is tl-ah—eolorod with dls-

v 'unctiumynm nwmu.T ms u muximmmou tmuth- norum-n

; ‘ ‘part at the area, rh:m it ruchu thirty feet, and thiu tmrd tho mthmt
al‘bhough it 1: newhere cntirely tbunt. This red to tan member gndos upnrd
with appreciable break inte a ‘can to white, haxﬂ, fino-gra:l.ned, crou-bedded
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quartzita. At the top of this npper quart.zite are founﬁ sevaral soft, ructy

| layers of sandatene sontaininz worn casta. _ms quartaite also is at a mximm |

‘in the. northom part. of the ares but thins enly slightly toward the southout,
'mro 11; is about ﬂ.ﬂy feet thick. Both mbers are hard. and cliff-—forming

_ . The upper ’un te white quanzite reumhles the Bolsa qmtz:.te . orisinally
}deacribed hy Rimsm ,1 outorops of which the 'lriter has inamted at swerﬂ.
z phaea. In the Drngoan }Eountim abont ten nilas southeast of the Little Dra-

goons undonb'ud Bem qunr‘hzit-e mth a baaa.l congleneralte of sahist fragmnta

 and white vein quarta overlies. thn Pinal schist, In the ‘ihatstane uountains 25

ias Sent of e Little Dragoons, the Bolsa qurtlito contains worm casts simie
- dar to those found in this qurtsite and is ury similar in appeamace. Hdwe\_ra:j, :
‘the Bolsa quartzite in the Dragoon and Whetéténe Mountains is much tuicker tham :
_t.he wmu qum Ain the mtm nmm. |
nd.ght.y mihs mrthwest of the L:.ttlo Bragoons in the Santa Gatalim

V‘Houn’éaint, the Apaehe group ia ovcrhin b.r the Iroy qurtsite which, at that
’point, is ton: to yellem 1o pink, crm-bem qnartzibo, 350 feet thick. o
its typa lacality in thc lhseal ueunmna, Enmmz deambea it as hoo gect

of gcnnnlly pebhly, crﬁsa«-bcdehd, qurtnto with lonsca of.' eamglmrato aud
- contaimng rulty beds with worn c:aau near the top. ’
A | I.n view of mm facts and awnsidarinz the difference in eolor a.mi
. .lithologin ahamtcr of the *am nenbe:;ﬂ of ﬂw qu&rtsite over]a'ing the Dripping
Spring qnartsite in ﬂw Littlo Dragoons, it nmll msenablo to wpou t.hat

' here is the mecting and overlap of the. bamnmrs s.f the cubrian in Southern
| ]Arinm; uw botton nmber o.f th; antziu bein; the Troy which u tbi.nning
~toward the aouth, m ‘the tcp b&ing ihs Bolu th:lnning tmmrd thn north. This
"»zm well with Stoyandu's division of the Cambrian of southern Arizona into two

depositional sub-areas, the Tncson—alobe sub—area and the Bisboeﬁrucson sub—nm. ‘

L Ransome, F. R R, mpoam of Bisbee quadrangle of
: . Arigona: U.S. Gool. Survey Prof. Paper 21, p.
: 28-30, 190)4. i - '



is not part ex thc cwﬁn rmum gh. m g‘ G

10

‘The ivfiﬁfreﬂi’aes that the Troy q’u’artzita' alaor his : rusty sandy beds with worm.

eaats at the top, and that the whole Cambrian qnarbzite night well be Troy, but

'he thinks tha widance points te the iirst cxplanation.

'mc vert(ieal grudatioml contaet between t.he two members would seem to

indieatt that thoy wora of essentinlly t.he same age, thus Justifying Stoyanow's

Taorralation of tho I’roy and Boln.l With the exmption ef wornm cuts in the
. upper nenber no fosaih mro fmmd in thin formation, but as the Troy m bun :

proved t.o be of Middle C‘.anbrim age, thia quartzite is also placed in the Eiddlo

Gambriln
santl Cﬂ.alim fomtiem ‘

Genfembly evarlying the Troy\-Bcha qurbsite is a formation about

h5 feet thick conpoud of thin-bedded sandlterm and quartaito, and sandy shale

of reddish brm color centaining some laym af gmn.uh, ilpm limestone and

shale mr the basc, and hard, BT2Y, pnrc nmutom mr the top. Weathered
: outcrops or ‘this femtion shw a charmmtie luimtod appurmc nm

- fomation is sinihr to tha romtien described by Stoyanow as ovarlying tha

Tmy quax’tl:l.te in th« Santa Gatalim lountains wbich he namcd tho Santa Catalina

formation, althou.gh it is nnch thimr in the Littl. Dragoon l[mtain: and

eontaina more nnstenc. In both thc ‘Santa Catal.tm dnd the Little Dragoon

llountainl the formt-inn is aharacterind by tho nm unducribcd trilobitc of

which only the cmw.; are mll pruomd. ; thhngh this trilebita is also

found in the basal nri.og;tc& aln.lu cf tho Gachil@ fomtian, the Mthologic

ohnrac’wr v.nd tho absenco or tha Pin u.ndstene indieato to the writer that this

fomt.ion, lih th.

‘ ,’nndarlyins rremm qurtsité is of Jiddle Gasbrian age, «

1_ SWNW, L. A. j - ComMion '.t Arizom Pa.loolepic fomtiona: Bull 2
:  of the Gael. Soc. of m, Yol- k7, p. L8O, LB2, 1936.

2 Idem.; p. k76,




B Cochwe fomticn.

‘l‘he Santa Catalina fomtion is overllin by tvm feet of pisalitic ‘
- ,gray Yimeatane. and eleven feet ‘of grzyiah-gmnn, l:lny undetom, follmd by e
. ~ eighteen feet af black shale and eapped hy cighteon fut of gray 1ilestom and .
sandstona beda. This fomtion contnins Alokiatoum sp. a.nd Dbolna (Wcstonia)

euglyphus (Mcott) md ia iliddle Glabria.n ia age.- 'I‘he pmaenee o.f the pinl:ltie
"limestone, of Aleld.ntocnm, md the bmhiopoda led the writcr ta baliove mt e

' this formation is equivalent to thn upper part of Stayanw'a Coahise fomtiep

whcse type locality is in the Whetatone Mauntains. If thishs true, another
overlap of sediments from the Biabee—-'rucson snb—am mr sedimnts of the 'meaon- '
" Globe sub-urea is indica.tad., as this 1a the i‘irst phee th&u two fnmtiom
] ‘havo been reparted tegother. ‘rhe age relatians of the two femtim correapond _
T e stoyanaw's correlation of the upper part of tha San‘ba. Gatzlina fomtien with i
‘the Tower part of the cochise f<:a'rzrsrt.i<.v:.1.1 ‘;

| k. Abrigo fomtion. : it Lo

mnsm desoribed the Abrigo 43 m type ;ooam.y at Bisbee as being
"thin-bedded impure, in pa.rt. shaly, :Ln part mnaceous ¥ very uherty, d@lomitie :
limestone® andstated that 1t contained Middle canbrnn fossils, 2 Waleott, who
determined the age o.f.‘ the fomtirm from uteriq,l gathored hy Raaseme, htar

i mentionad Obolas tetoneais Walcott Obolus ze’oua W&lcat‘t:,3 and Crcpicephalu

texamus (Shumard)" as bcing found in the Abrige. Obvimly the beds cantalninc"

2 Crepieephalua texms are younger than the rest and are net Middle Qambrim but
: Upper Co.mbrim. Stoyanow snbdivided the 01‘151}!!1 Abrige and doi‘ined the bue ;
~of the Abrigo by the appomnee «: Cragﬁcephmlus tmnu (Shvmard), ____mm

1 Upe Cito, = Pe h32 : i X )
Ransone, ¥ L s = Geology and ore dapoaits ‘of Bnbee qua.drangla o.t‘ 2
: ; gézonu u.s. Geel. Snrvey Prof. Paper 21, p. 20—-33, :
3 Walaott, Co Duy = sambrian braehiopoéxx U. S. el. Smey M@n. 51, p- :
L ! hl'l, b22, 1912. :

? Walcett, C. D., - Cambriangology and pnleont.-logyx Cambrian triicbites:
i : Slithlon. llile. 3010"010 6“, NO.B, Pe 213, 19160
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: ransoui Stoyaan.l Crcpieephalus toxamw peraista thrmgh the ontire formtion,

; rherm Hngggmgﬂ r,mxm xa caawtqrntu otwf.he base. x i,

_ The Abrigo in tho Littlo Dragoons cohti—its of 135 feet éf grq li.nuteno
. with sandy laninations and & few brows shals lenses. . The base of the formation
. contains the Herperaspis fam.‘ Thia is fol}.mnd b,;r 21 feet of massiva s Cross—
: bedded, reddish brawn, smdstane ﬁth interbeddad thin qnnrtzi’bes , and capped by
L2 feet of aandstcne intcrboddnd uith gny dolemite. 'rhe top uz feet becma ”
. brewn md hninaud on mthering
In senral places a t.hin dia.buo 3111 :um'udes the formtien about 100
feet from the Base. L i
T Pcpperuuoe Ga.nyon undntann. ; ‘
 Overlying the Abrigo fomt.ion are ten to. fifteen foet of alumtm :
| : thin-bedded whitc quart.zitc and curse, peraua , brotn nndat,m. Althwgh no
: Pepperamce canyen undst.om 85 expwed 11: the type locality of Peppe!uueo
B Clnyon which t.ha wr:lter has atrefully emined. This smdstone was originally
 described by stayum. | He g ' o 7 -

o uaidn liustona. : . ' o
Tha Martin linestm or Up)ar Dﬂ'onhmp was nmd mdchlcmhod

by Ransome f rom ihis Bisbes ares.} In its type locality it conprius Wods of ‘dack
gray, hard, conpact, limstana, gnmﬂly fossiliferous, associated wit.h which

| afe here and there beds of lighterhue and in un plmou ulcaroeu shalon

i a pink tint, : :
. T the m.un Dru.gwna m. n.muu is npnnnud only by tie
nu-t,z.n limestene; - I‘b liu with wparont ecnfoudty on the Poppcmam cmran
nndstom and is canposed of 112 feet af gray dola!d.te oappod hy 10-20 feet of

rOPo Oito, "po )466‘4&72’ h82.
2 Op. cite, =p. L76-478.

-Ransome, F, L., = Goology and ore dcpesita ’f Bisboe qudrangla o.f Ariz:
: U.S.Gool. Survey Pi‘of. Papor 21, Pe 33-35, _




: 1nk ta yollaw friahlc Bhgle. Tha ha.lal 58 feet of daloni‘tc is inﬁrbeddld

in plachs with hard brovm, sandst.onc, and in places is vcry :urapure, weather=

ing to brmm smdy materdial. Thc npper Sh fut. of dalamita is massive and stylo~ ]

lit:\.c and. emtains Atxm retieula}x'il (linna), roefs oi' ladopora 8p. and

Nortencohinaa volleri 'monu Bortmeehimn tclhri is rcporbod here for the
first time m Arizom, but its éiaeevery 1: not surprisins. : I{illim as

, early as 1901; pointoe\ ont t.ha sinihrity between the fauna of the umin liu-
stone and that of the Hackberry uhale of Towa> _ :

‘ﬂssiss}pp;ﬁn

. Eseabrosa li;esteu. St

‘ At. Bisb-e Rabsome doscribed tha Elcabrean li-estem of Lmr Missi~-
ssippun a.ge as boinz conposod of :athcr thick-boddad, uhita to dark gray,

‘gra.nula.r limstem, udc up largcly of crinoid atams, as a whalc non-ngnesian, :

L :7 cmtaming no undy strn.ta, :.nd. ury :u.tm chart.‘

i 1 Tha mabrm hmatene a.t’ tho Littlo Dragenn Hmum, although

i sinilar to the for;goi.ng in uny rcmcta, diffors iu oth-rs As claawhore iv

-'.‘ues ccnrombly on the nax-tm nustom m 48 about 750 feet thick. u. the

base is fir'by feet of massive blmk dolemita eonuining Mislisiypian eorala.

Above this Lo masiva, donn to gnnulnr, gray to 'hit.-, 1imstono \u.th several
“ gray to blacx dolomite layers. In pluea thc man.vn J.i.ustono is made up a.l-
”’.mt entlrely af erineid stm und i,n pltcos :H. con'w.ns «nsidnrabla choz'b.

i Tm Eacabmsa l:i.ms‘béno is, m amnl clﬁt-firn‘mg m miswut sl raru
V"':the Gapp;mg for thn ‘Little Dmm uouhim :

In aduitian te t.he Crinoid stm, hrzc rnfl uf meggr_a_ Bp.,

 Busitis (E.chinoeanchua) punctatus Martin, Productus alternatus us alternatus Horwood and

‘ ',:,Pratten, , _pirifer eontronatuc Hiaeholl snd&agnnta of cup carals han boen
‘found in the E.scabrosa 1matane of thc Littlc nmgoons. ’ o 2

1 Op. ﬁto, pn 38- Rt
2 Ope Gito, P» M



In severa.l pltces at or near the oontnct with the Plnnsylvanian

limstone is a i‘our foot aill ef diabase..

Pennsylvanian.'

- Nace Linestone. : : A i
‘Ransome ﬁescribod the Naea limutane of Pomylvaaim age at Bisbce
'as being made up ehief]y of light colered beds eensisting of GIGOB assentially
It differs from the Elcahrm limestone 1n 'b.ing conpaet and nearly aphanitie,
”unne the Kaubml is nore gmmlar and emuum S
ey The Na.eo limestom in tha mnined area of the Littla Dragaons appears
at thawcbrm soathunt corner and dips undnr bho va.lloy fill to the east. It
is conposed of dark gray te black, donue, rather thin-bedded limestone. Alerna-
t.ing beda two to three feot in thialmeaa dippim at a ﬂcep angle to the nerth~-
east sta.ndupinthe Icmef ridgaa Lenaes and bands efchertymterialm
comen. Although thc Upper niuisnppian 13 muug, the eantact b-t\reou tho
Pem:sylvanian and the Lcwer Mississippian seens to be gradatienal and cen.t‘embh ‘
and eould net be located accmtely within about fifty fe.t. Penmylvanian fos~-
sils were found zpproxiutely firty fm abm ﬂn choun centact nad typieal
czinoidﬁ.l Eselbrm 1imentene jut bolau 1t. At the contact ahoun, maivc, 5
granular, wmte liustona chang« rathor ;bruptly to thiu-bcddod deun blmk
hmstom. ; Sh ;

: 58 Fossiln idahtifiod in thn ?onnaylm wms J:lru:r ruigymtamu
, .lhraou, cmtam ninegoraccona Ednra and mum, Pramcm cm D'Orbigny, -
and §pirifcrim kontuﬂam Shmrd. o G

guaternag 3 ; { i | ﬁ; ‘ e e & j 3
: o Quatermry depuits af alluvim Aro uinly in’ tne bdtm of c&nybns at
the feot of steep ﬂapee on the, nort.h eaat, and aouth 3idns a:t thearea. Tho

- coarse debris comes most.ly i‘rou the elii‘f—forming Lseabrosa limestone, but lcu

Op. cit., p. hh-ahé.




ey fm _ Mﬂi limastme md lomlly rnglanta o:t‘ Ca.n&run lilsstons, aand- :
‘ 'atcmo, and quartzitc qm foum! Thc dobris is mhed tron tho steep sides of

. ‘tha muntains and is d&posﬁed iu tht uanynn ﬂeors m;n 'bhe gradient becomes
‘moro gentleo In many plwes tvhia mterial hu beep eementad by @ limy cenent '
_furmmg a coarse oonglonerate conposed of angnhr fragments ‘of 11mestone $ with
a suborm;te munt 0: nmdatone nd quartzite frtgmnts. ‘Due Ato changes in
the strem bed or ramud amﬂty of the stream this mtorial is 1n placca

: ;"‘disseeted, forning mrrw, vertiea.l nllod, canyons in the streu valley. These

. canyons my be as deep as ruwm faet. In other places the debris jcollcetsv ‘
merely as coarse, lom, alluvin. rhe finding of iimmne b&ﬁlders and gravel e
in the allnvium is vory in'beresting as, due to the high solubility of 0a003

' 'thoae are seldon, if evem fe'md in a wre m&at cliute or even in arid regim‘
noz'e reuot.c frm the num cf limstoné t}um th‘ region under diseussion.‘

_ (mly 'bho thieker deposits of alluvinn ware mapped. Where the nnderlying
rb(_:h: could be ﬁotgm;ngd the muvim.uag .1gnprod.



. brown biotite.

ot VIgneoﬁn' rocks.

Texas Canyon grar te. g

Although the Texas Canyon granite d.oes not erop aut in th;e am

. studied by the writer, the ore dapoai‘u of the area are pmsmably emnatim ‘
fron this stock and much of the atructuro is prdbdbly dne te it, so»a briaf dsscrip—

tion of the g,mnite seens dasirable. '

There are at leu'b 25 squnre miles of . the granite expeaud in the
region of Texas Canyon and in the faotlulla on the sout.h aide of the Li'bt.la
Dragoons ?  The i‘ollm,ng dnseriptian is fron Heimma.n'a thusis on the Johnson

mining araa.l _ 55
. "The rock has & porphyritic texture and is remarkable for the
large size of the orthoclase phenecrysts, which may reach a length of two
~ inehes or more and a width of over an ich, They stand out very prominently
on weathered surtacoa. ‘rheu large cmta.la are muinmd as t&r a8 Was
observed.

"AL the nrg:.n of the granito is' a border phaso. I‘he crt.hoehn &3
erystals become smaller in. sizey, and at the contact the texture may be aplitie
and hard te distinguish in hand speaims from tha aplitc of the d:lku oecur— '
ring in the district. v

: BFairly large grnim of quartz are u-n in hand npeuimena of thc
granite, as well as 1n.rge and lmall oryl‘blls éf feldspar and mull fhkea of

: "Under the mﬁ.emscopa the granite was {ound to somiat ar %bho
' follcwnng minerals: abeut equal pl-r’t»l oz plagioclase and orthoslase. The

. plagioclase is acid oligoclase, - ~The granite is sodic as shewn
by the presence of microperthite and mimeliu, The feldspars are semt
altered to sericite and paragmite. Some muscovite is alse present, but bio-
 tite is the predominant mica. Some of the bietite is altered to chlorite.
Quartz is present in the hrga scattered grains noticed in the hand specimens.
~ There is a little apatite in typical red-shaped erystals, A few mll graing
of a mineral with a higher index than sericite Were seen. ’.meaq may be gtmet»

showing optical tmmliea. A little magnatito occurs in smll disaominated

' grain- . : :

' Heineman .t'ound thc grmita cutting Carboniferous limatene N thua
dnting it as of porh—Carbmi.tom lgo. T R

S B  ' 3 17 T -. : |
. Four diabase 81118 intrn&a the" ’scdimnhry ‘rockl et the azm. thﬁough
: ne connection has baen observ‘ed bamen tha varidns aills tha nry fact that ‘
o the area has been mtruded by feur diabaaa sills and no nt.her ignem rooks,

1 Heinenn B B, S., - Goolomr md ore dzposits of the Jchmon mn:mg diatrict,
: Arizona: Univ.ot Lriz. Master's Thesia, 1927. :



. anda gcmul sinilarity 1n conpcsition u nll u textm suggest th;t thny

night cm from a common Source. All 'Qh“ en ophitie texture and am eonpoud
of a plagioclase feldspar close to the oligochu—andsgim bonndary and an :
intensely altered ferromagnesian mineral, probibly‘ érigmm hornblende, and
usuall,y abundant magnetite. & A ‘ ' :
' I. The thickest sill intrudes the Pienser shale a few zm. bclmr the
Barnes conglomerate. It vnrigg _fron five to Th feet in thicknna. " As would be
expected, the thickeﬁt ,ﬁortig;i m much coarser grained than the tkin‘npr' parts
of this sill and the omr‘mar'ailla. It is a dark green, dense rock
"wcathud.ng to a soft brm mass and ahowing -small toldspar lnthi 1n the thicker
pert.im of the -m. ‘
In thin noctim the rock is seen to be conpoud of L7 percont oligoclase k
in well formed hths, some as much as two nillimten long, intensely sltaend
l to sericite or paragonite. About 38 po_rﬁeen"b‘ ﬂ£ thn rock is epidote and chlarito
in small grains md-inmaroin as higa irrenhr mRsses ﬁoﬁt&inodiﬁ places.

- Epidote and chlorite are present as alt.cration produets of an or:lginal ferro-

: ,"‘8"."_’-‘“ minera, Upen on-ining a speciun o.t this ‘same lill 1n the Seven

/ Dash Ranch area, Cook states that t‘hc;, origiulr:xmmgmamlj.ncrah Upon

"eJta'nin:Lng' a specimen of this ame sill in the Seven wh Ranch area, Cook ,um.f
that thn original forrougnesun minerals were. hornblmdu aad bﬂ.otitc.l_ Fit-'

| teen percent of the rock is ngnctite, the gra:hu mehing one mﬂliutor 1n
dianeter. , T S : o A

II. Hur tho top of th. Abrixo foz‘uthn a 8111 fro. m to threo .fut
think is faund. It is a danso, dark grcoa reck, -hou.tag no phmemt- and
weathor:lng mdily to a nft olivo grum to brm u.torul Phgiulau feld-
spar close to the oligochu-vandesim border is well formd laths up 'BQ O
nillimtera long form 65 percent of the rock. The fcldapar ia pnrtially nltercd

5,

5 f&anegflzﬂazfu&e. i PR Qﬁ:‘:.?“i?%ﬂ‘
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to sericite or paragenite and holin, a ferromagnesian linml,-Mt alnost
ontiroly altored te chloritc, and a little umtite uke up the bahnco of
the rock. | b ’

| III. In the Hartin limstone is a third diabase aill about one foot
thick, It is usun.lly oonph‘bely altered. and little could be d@termined eonoerning
its origiml composition. It is a soft, donn, brown rc:ck. _In_ thin section
 well-defined laths composed of white mica and iron-stained kaolin were observe,
el S takeretin Jreditt M a feldspar, This formed about forty pez-- ~
cent of the rock, 55 percent was chloritc, and I..»bo_‘f"b five percent magnetite.
Despite the alteration the ophitic ﬁxbure! way well shewn,

.  Near thc observed contact of the Mississippian and Pennsylvanian
limestones another tbin, much altered sill is found. The rock is dense, brown,
and eof'h, and made up ef sorioitiud i‘oldnpar, opidotu, chlorite, magnetite,
and hemtite. ~ The. grnina and cmtalt were vcry uny, but agin good ephitic

texture was observed. ’ :
Vein guarb

" In the Piml ach.iat are several veins of dazzling whit- qnarts. That
-‘thua are prc-cubrun can be dotarninod from the fact that they are bevelled
off by tho ev.rlying Scanlan congh-ergte. '.rhin conglomerate eontaim mueh
anguhr vein qu.lm noningly identical with that found in th. 'nina in the
~schist. The quarts veins are much harder than the soft lehitt in»vhi.ch they

‘occur and form prominént outerops.

Metmrphie rocks. '
Pinal schist.

e

The huemnt rock of t.ho Littlo Dragoon area is tho Archean Pinal
schist. The Pinl schist was origimlly Mcribod by mnm rron thc Pinal

uauntnina from whence p 1 derivcd its name. 1 . It was described as follows:
4

Ransome, F, L., = Geology of the Globe copper district, Arizona: U.S.
- Geol. Survey Prof. Paper 12, 1903,
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i With the exeoption of oceuieml bands of grecniah uphibont.e,

; the Pinal schists are generally rather light gray in celor with frequently a

- silvery satiny luster. In texture they range from cryptocrystalline slaty
sericite schists, through fine granular fissle rocks of somewhat sugary textm
to imporfeetly cleavable, highly ery:talline, muacovite schiats. :

Nicroscepieally they wcro dcseribed as aggrogates of Quarts md
muscovite, a little microcline and plagioclut, diron ore, zircon, ‘tourmaline,
hornblende, biotite, and chlorite, The amphibolite schist is a green rock with
fibrous t-xim containing no'atlj green hornblende, quarts, and epidote, with (
smaller amounts of bietite, ohlorite and ugnetito. Andl.lusits and lillinnita
are in places abundant. ‘

In respect. to their origin Rlnsone states:

"Tho Preponderance of qurts and muscovite together and tho goneul
absence of calcic minerals are strongly mdiutivo of ‘the dorivxtinn of the
. Pinal aﬁhists from quartxose sediments."

Partly letmrphoaed beds of grit tound in the schim and bundlng :
are &dditionnl chta that mpport thi; t.heory. ‘ : : :

' In tho I.it.th Dngoon lountaim the predoninmt typp e.t schist is

a finc-grainad sericitie uriety. It varies in color froa ligh'b ailvary gray to s
gmnish brown, depond.i.ng upon tﬁ amount o£ chlerito and other dark emtituanta
4% eontaim, md most specimens show a very perfect uhintose claav&go. : )ucro-
scopic onlﬂ.nation shows 1t consists ordunrily o.f more than ::lxty porccnt :
aaricito, from five to 35 percent enlori.tu, M o five to 25 percent qmm
as fine grains md vninlete. Glmct 1: conenly prenent as u lmaaory tlnerll
: occurring 1n sull ronndod graim or larger onhedral emtala

ISy seeond type or sch:ut 13 a udiun-grained, gritty roek of eﬂ.vory
gray cvoler cxhibiting ury 1nporfoet :chhtmty. An cxninntion of tb.in scctiona
of this typeofschistmuhacanpnitienofuvantypom qmm:hzzrsim
varying from very sull to 1.8 lilliutors in dhut-r Suieite lnd shl.rito,
»rorming about thirt.y perccnt of the ntcrul, is ntintely mixed with the small
quartz grains foming a ground nass :l.nuhich the _hrger quarta grains are imbedded,



ukhg typict.l 'nmu“ atrwmm ;déeasory ‘hium’ll are mll graim -of

andoaine and nicroperthitc and irregu.hr fragments of garnt.
A green mphibolite, and lenses of hard, reddish purple qurtzito i

 appear in the sehist at several placas. Good cutcrops or both can be fotmd_ "
ia the hills a short diatancc south of the Seven Dash Ranch. : :
A The amphibolite is bright green in coler, soft, and nxhibitc poor o
: sehistosity. It is eonposcd of semty pemn:b green hornblende, ehbritiud
- in part. The hornblende particles are three nilliutera or less in dimur.
thhs of‘ plag:.oclue feldspar partially altond to white mica gnd kaelin make
np tnnt.y pemnt of the rock, GOrains of ngnctito, ants, and o\pido@o, and
atunmtsuhnpthemiﬂ.ngtonperemtetthoroek. g
The purplo quartzite appears in lenses in the sehist striking and.
dipping parallel with the strike and dip of the schistosity. It is composed :
oftiny interlocking grains of quartz, ‘usually from 0,01 to 0.08 millimeter,
in dlsneter, traversed by veinlets mads up of slightly larger grains of quarts.
Garnata occur sparingly in th- quartzite. B ’ . i
'  In general the nhiltosity has a mrth-nut-h -twm, bnt varies
leaally “The dip varics frn sixt.y to ninoty dogrnu with an avarage of ahout "
75 degrees in a general euterly dircetion. In most ,pluees the schist is soft
nd weathers to gentle slopes, . whcma the ruistint purph qurtsito md the |
. white vein anta mtmding the scbist. nathcr out as prouimnt ridgos er walls.
The writer agrou with Raau-u ud Gnk ﬂnt th- lchiats, 'ith the
exception of the uphi‘nonto, were. or:.ghuny udiuntl. The lm.s of qurt-"
zite are probably portim o.f u orisiml nndlteu that h;s been faultad and
: tilt.ed as well as umorphoseur lmt -o;f.' tho schist seem to xum been romd S
i‘rcuu qnar‘um udiunte. ‘i’hc amphibolitq m prebubly .forud i’m a buic
:Lgneous ‘rock, o
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Altarod Pioneer ahale.

: The Pioneer shﬂe has hoan altorod for a .few focf. on uch aidn of its
contact with the thick diabase sill intmding n.\ A description of ons -
alt.erad and two altored -pecinens of the shale may illustra’u what has happenod :
to the rock. o

| 1.’_ 'rha unaltered Piemr ahal.n at tha point o£ :mtrusion is not

% nrictly speakug a shale, but & hard undntone with m "bleaehad spotn" i
from eone to I‘ivc nilliutorn 1n diautar on theeven maroen surfmo. A atudy

of a thin uct.ion of this roek shows that the "bluahod lpet:" are in reality
“just that, merely spots where the iron oxide eauaing the maroon color of the
“rock has been remv'd  The roek is composed of equal parts of angular to well
ronndad, but. usullly alight.ly ronnded, ‘quartz graina 0.8 nillilcter or less in
dimter, and foldupar grtins, now mostly altered 'bo urieitq lmd imn-staimd 3
 kaolin, about the size and shape of the quarks ‘graius. These wake up sbewh
elghty percent of the rock, the rest being composed of sericite and KhOIA
_ ment. (five percent) and hematite (fifteen ‘percﬁnt). Judging from this iascrip- |
,tion, the origj.nal rock mt have been a- nediu—gra.mcd arkose. 5
’ 2. In the altered sone tarthut from the contact the rock is soft,

‘ 'grumiah, and’ ﬁn&-grn.’mod eontlining numerous oomntim composed of a green
con‘ber snrroundndrhy a thin pink riag ‘I‘hoa eonontim nmge lbeub thru
, millineters in diameter. Umhr the li.crolwpe it ean bo uen that t.ho eoaero-
tions are composed of a core o.f urpcntim, chhrito, and ngno’aits surrounded
» by a ring of orbhocluo cryctall. Ihethor or mt the chlorite lml urpontine
:rcpr.sont the altoration produeu QI some othor ferrmznnm n:lmnl :Lt is
'iupossibh to dtte!lint ’Ihe gounhu is udl np of xrlinl and fibers of
aerpentinc (35 pemnt), mgnot.ito (35 pgmpt) > m (ﬁ.w pemnt} and
aericit.iud roldspu- (two pemunt). mo texture is mxmhr
3.. uitm a few inailn ot the oon‘blct tho rock ia hard, dark green
and fim-gmincd and oontaina tiny pink concret.iom. A study of & thin section
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aoction of th:La matoml would lead one te belim it is a diabuu.‘ The con-
eretions nrc .fron 0.5 to two lillimterl in dianetar and conposed mainly of
sexpentine, but contain a l:.ttlc chlorite And censiderablo feldspar, mgnetit.e,
: and ‘hematite. The ring of feldspar, aa teund arozmd the concretions of specimen
nunbcr 'bvto 18 missing. The gren_x;d-,nn has gn pphitig fnxture and is formed .
of laths of plagioclase feldspar within the oligeclase-andesine range (fifty
- percent), mgnot.tto {(thirty pereont) s nrpentim (fifteen percent) s chlorite
- (three percent), and hamtite (m percent) As in spoc:lnen number two, it
is inpouiblo to dotemine whether tha aarpentine and ohlorit-o are alteratien
preductl of an eurlier ferro-mgneninn n.’mez'll. :
The alteration seems to hava boen ninly e mbstitntion of mgnetitc

and ferromagnesian nineul: for qutrtz, and altorati on of the sericite and
kaolin to faldzpar. The hemtito 1n tho unaltered rock hu givan place to ug-
netite. In the slteration, thmforc, iron, lngneaium, and potuaimn have been

added and silict has been ranoved. :

 STRUCTURAL GEOLOGY
Pre—Canbmn :tmoture. it 7
' . The Pinal sehist shows evidance of pro-canbrian omgeny by its schis-
' ’toaity and by pre-Canbrim faulta. Over hrgc arus tho atrilaa and dip nf tho
schiatoaity is ft:l.rly uniform and il panllel to thc purplo quartzite layers
_4n the sohist. This muz.d aucgut that it is panllcl with the original bedcnng
 Ransome working in the n-y-um ma,l and Galbraith in the Silver King area,?
" also drew thiu comlasion; Ro.nsou on tho buia of ‘banding, and Galbraith :
.fron a conglonerato found in his am. Fron thm flctl it seems that tho aschist
_m tornd 'bry rogioml fomu If.n uy haﬁ bun at th:i.s tiu, or shortlythem-

=

&
. Ranaom, ‘F.f ‘L., “The” ehppcr poni‘bllv of Bay and Miami, Arisona: U.s.
"+ Geols Survey ‘Prof. Paper 115, 1919, - -
g Gl.lbruth, FWe 3rd., = Geol. of Silver King am, Snpcrior, UdA. Dr. Thesis,ll935.,



a3
R have hun effset by faults that n.nnot be trn«d inte the ymmger roeks and

which "‘bh. uritar takes for evideml af pm-cmbrian fanlting. The faults
seem to dip steeply, but due to thn yielding nature of the schist, no other
details could be dotcnnined. .
Pcat—(:arbonirerous structure,
Following the Carboniferoua at some undateminad time came the intrusion

A ;'cf tho 'rem Ganyen granite. Thia bend up. the sediumt.s giving them a general

mt a.nd nor'bhsatt- dip in: the ma uppcd
A system of normal faults. striking in gen.nl nonh-.mn and one

atrild.ng cast-west aro \ull dcveloped in the aru. 'rhe east-west ramlta are
2 ‘usu.nlly dmthrwn tonrd the south, aung o. seriea a.f steps rnnning counter
to the gcneral narthust. dip. These are cut by three largu mrth—oouth faults
dwnthralm toward tho west. Nur ltation xn is a mton of normal faults
a‘brild.na noMoutMst a.nd cut oi'f hy a no*th-iwnth nnlt with a 312-faot
" throw. This systu shm a very good Sha pattem. | |
One ovorthrnnt is fannd in the sonthlrelt section of the ma. e
 overthrust is px:a:ically f1at uun cnly s mm dip t.‘;.";i‘i‘“”m -éﬁﬁm«t. i
Escabrosa 11mntom of uiasinipphn uge hu boan thmnt mr Ga.nbmn md
pro-canbrinn roch ’ 't'.hua dating the thmt as paat—liuiuippian As tha
Eacabrosa 1ileat-m has bosn pushed over tnm Gubriun ;nd pre—cn.lbmn rocks,
© the thrust seems to have come after the dmling in the area, ma overthrust

is cut by one aaatmgt normal fa.u‘lt. o _ T

. Thu nevial ‘and mrthrm mm.s show that both mmnl m\ cupmmen- .
al forces mc at. work. Ths noml fl.nlt.a were probthly fomd dnrug and
after tho doning and were due tc 'hha umion dsvolmd énr:lnc the dnling or to :
i al'anping after the doaing, er iothau m thmu.nt m am ﬁlw aftlr tho

_ daning, bat what. genamtcd the cmmuion 1.5 \mlmum. '
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e : | ﬁmmmm GEQLOGY i _
| Thzm}mm rockn show a periéd. of éedinéntatién, a .period of diatrephism, -
and a' period af erosian;” The "‘_fro‘eks.v séem‘ to have been ori.gih_a-lly arkoses and
sandstone deposited in a sh‘allm&-*ntaf Euin; Th@s_g: s ediments .w@r’o ‘elevated,
» ugta_.morpho'sod,' .ﬁult.oq, and :Lntrudod by‘fcin quartz. A ‘pcrio.d. of erosien long
i - enough to reduce the surface of 'th;nchist to @ peneplane followed the ¢i§str¢-
-‘{phiisn.'f : | nele ' " . _ : : ‘ H
| , ‘The:basal mmber of f"oht:a Apache group, the Scanlan congl-b_mhité“, was
formed as a‘ basal ‘eqng:-lemratexus ‘ﬂ‘a' au advanced ovér- ‘the pomla@' m#m -
of the schist. As tha séa. continued its a&ﬂin,ce, the Apéache group was: dépou'it;ed
in_-the_,‘ahall"owjﬁté.xf;{ The mnjaen of the Apache group follcii;zg the sam'f ‘
; congloiefaté_ were éemidoredll'ay'm@m to be formed in fluviatile, or shaiiw,
' ‘mear-shore, mﬁne"/conditi@;-a ax;d ,sﬁggestéd & delte. :-Ripplei marke, mud cracks, |
;nd 'cron-b‘éd&ing in the Little Bragom indicate shallow-water cendiﬁiﬁm,"
snd B riter follows Ranseme in‘vbg],r;l-lovihg that the Apachs group is aoks s’\ati-.-‘
facterily explained as & delta opmiit. s Barnes bengloneinte; ddadrding
to Ransm, was _prabably derivsod ',f!;?’__'l"th?, quartﬁiﬁ_sa of the Sierra Ancha and
Mazstzal rgnges; e o . Fl b e
 Between the deposition of the Dripping Spring quartzite and the Troy-
Bolsa quartite erosion must have taken place, but how mich is net known.
Dart;éh, in /upe_akihg' Q:, the relgtimi oftho Apache group to the ',ehrl;:ring Troy
quartzito in uvaral sw‘tidné_ found in the Gila River Velley about 25 niles
from {Gibbe,'sutga,:l e A ; ; s
. The overlap‘i-elgtio'n‘a in tlﬁ.s ‘region -alsa show that the fréy lies un- :

. - conformably ‘on the Dripping Spring quartzite and Mescal limestone, as well as

~on the great sills of diabase which invade these two formstions. Moreover, to
the eastward near the east end of the Mescal Mountains, ite upper part overlaps
the edge of the Dripping Spring quartzite and becomes the basal formation of
the sedimentary series corresponding to the Bolsa quartzite of the region not
far southeast of that locality. The relations in this region and elsewhere

to the north indicate that there was long imberval between Troy and Mescal

- deposition, for chert from the latter and apparently alse boulders of the
Dripping Spring quartzite contributed to the basal conglomerate of the Troy."
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In the Littlc Dragoon nountains the ‘l‘ror-Belaa quartnto is separated
from the Dripping Spring quartaite by only a thin conglmrate lying upen a
hardly noticeable ‘unconformity. k.vidently if the Msea.l limestone wWas dzpoaitcd

in th:.s area it was eroded awa.y during the 1ong interval betuen Protarozaz.c
and Middle uambrian times .

Daz‘bon, He Hoy = A rcam of Arizona geology: Univ. of Ar.'gz".“ﬁull-
No.ll9,1925o ; PR
The crosa—-baddtd 'rroy-Bolsa was probably dnpeaitud mar the odge of
. two areas of doposition, prebnhly under doltu eonditim. Fnrthcr mbsideneo
was meonpanied by deponiﬁon of t.he undatm, ahalc, and ls.mstono, o.f thn
Santa Catalina, cochiu, Abrigo, and Pcppcrsam canycn fomtions.‘

A large gap now appea.rs in the geologic mard, as tha next ndimury
rockl .found are Upper Devonian :Ln age. Although a tremndsu: tinc gap is in-
dicated hero » the Uppor Devonhn liol with appmnt confomty on the Upper
Canbrian. It the nsung pcriods were rnprcsontod by acdi.mnts, thcy nro ‘
cndently cwphtcly renoved berore Upper Devonian. The Dovom.an lm-tom,
dolomte, and shale were deposit.cd in shallcw, cleu- water wharo dife was abund- '
ant. : /\' : ‘ 3 ; = |
The Escabrou liustonc 11« cnnrcmbly upen the Upper Dovenim The
‘ h.scabrosa 1matone is ef Lower uissiuippm aza, lﬁ.ndarhook and Oup, wcord—
ing to Girty.l 1h¢ abtenc. oi‘ clutiu and tho prounu of abundant arineid A
remains and eerals in tho Hiuiuippun strata indﬁ.ates elur, warm water condi-
tions durinz Lower Miuisnppim t‘l.m
Despite the abmm of the Uppor xininippun, the contaet bchtam tho
: Lauer uiuiuippian and the Naco 11:93%«:. of Lmr Ptmaylv:nian m apponu
cenfcmblo. Perhaps a grut intamptian of dcpnition muld best uplain thia

Ransone, Fo Log= Geology and ore deposita or the Bishce qnndrangla of
: Arizona. Vs 8. Gool. Survay Prof, Paper 21, 1901;.‘
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- blank page in the geologic history of thearea. The depesition of Lower Penn—

sylvanian limestone shows a continuation of the clear warm water conditions
present in the Lower liississippian,

Some time after the Carboniferous the area was raised and intruded by
the Texas Canyon granite. Faulting and tilting probably accompanied and
folbwed this intrusion.

The geologie record is lost from the time of the intrusion of the

granite to the recent. During recent time the area has been extensively eroded
and both consolidated and unconsolidated debris has been collecting in the
valleys and at the foot of t.hc rountains,

ECONOMIC GEOLOGY
Early history,
In 1883, activity in the Johnson mining area was first reported in
the litornturu,l but accerding to:onn;y, the district was preducing in the

gseventies .2

He states that the ore was shipped out by ox team and sent to .
Swansea, Wales, for smelting. During the Korid War, the‘ canp iras very |
active. The Republic mine, the best producer of the district, was shipping
5000 tons of ore a month to the smelter at Douglas. After the war, most of
the mines closed Mn_with the fall o.tthe copper prices. Only a few ship;ncnta
of ore have been made since. As the eamp i‘; marginal one; that, preduetien
pays only when the price of copper is high, there is very little activity at
present. .. . |

The production of the district prier te 1907 is not obtainable, but
from 1907 through 1920, 293,506 tons of ore valued at §5,765,976 were predueod.

1 williams, Albert dr., - Mineral resources of the United States: U.S.
; Geol. Survey, p. 22L, 1B83.

2 Heineman, R.E.S., = Geology and ore deposits of the Johnson mmng
district, Arizona: Univ. of Ariz. Master's Thesis,1927.

3 Op eit.
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This is an average value of $21.12 per ton. Copper, silver, lead, zinc, and

gold were produced, but the camp was primarily a copper producer,

¥ines in the area. ;
The Johnson mining area lies at the foot of the Little Dragoon Mountains

on the eastern slope and only a few of the smaller mines lie far enough up the
slope to be included in this report, Although miners £5 G BNSE et
that ore has been shipped from the few small mines included in this report,
nothing is seen in the drifts at present but emply chambers. Lvidently the
limits of the ore bodies were very sharp and clear cut. MNost of the data con-
cerning the mines has been obtained from the oxidized zone close to the entrance
and from fragments of ore obtained {rom the dwumps,

The mines are located on a small, almost vertical, normal fault in the
southeast portion of the area. This fault is underlain and probably connected
with a larger fault dipping 22 degrees south toward the Texas Canyon granite.
The writer believes that emanations from the granite coming up the laréer
fault made off into the small fault and formed the ore bodies. The ore bodies
were in the base of the Santa Cataline formation, where it consists of greenish
impure limestone and ahﬂs. |
Mineralization,

The mineralization of two types are: (1) small pyrite and quartz veins
and (2) pyrite and chalcopyrite disseminated throughout the rock.

The small pyrite and quartz veins usually follow the bedding in the
limestone, but here and there they follow small fissures that eross the bedding.
They are never more than a few inches wide. Examination af many specimens of
these veins failed to show any sulphides but pyrite. These veins weather to
masses of quartz containing both hydrous and anhydrous iron oxides in the pesi
tion formerly occupied by the pyrite. A second generation of quartz is found
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in places coating both first generatien quarts diad Aren ki " This layer of
second gencmtien quartz is chalcedonic near the base buﬁ finely crystalline

on the outside. A brown mica is found coating primary quartz and iron oxide
or intimately mixed with the iren sidde. THls stk in optically negative, has
& very smacll optic axial angle, and the index for bethﬂ and / was determined
as 1,605, The mica appeared too light to be biotite, and since it was found in
a metamorphosed limestone and phlogopite is essentially a mineral of the crys-
talline limestones, the writer has called it phlegopite.

A polished specimen of the quartz pyrite veins shows goethite ::eplacing
pyrite. The mineral determined as goethite is a hydrous iron mineral, aniso-
tropic and hard, giving a yellowish brown pewder, and negative to all reagents
used by Shert in his dztemimtivevtable. Islands of pyrite surrounded by

rhythmic bands of goethite are very common. The gangue is mostly quartz with

some iron-stained calcite. The rhythmic banding of the goethite and chalco~
donic second generation quartz seem to indicate colloidal replacement.

The distribution of the disseminated pyrite and chalcopyrite is also

‘controlled by the bedding, the greatest concentration of snlphides appearing

in t he limestone lenses oi’ the green shale. They are alse coneentrated in

tiny fissures cutting across the bedding. This material weathers to brown

' and green earthy masses of clay, chrysocolla, malachite, and beth hydrous and
anhydrous iren eﬁd.ét.

Pelished specimens of this ore show pyrite as well developed cﬁbic
eryauls or as grains with smooth bo;-dars, which contain veinlets and small
grains of goethito, mlr showing altoraﬂ.on by supergene solutions., The
chaleopyrite is present in irregular masses or as small grains in the pyrite;
fhe larger masses of pyrite and chalcepyrite are seldom in contact, but where
they are the pyrite usually shows its characteristic cubic form and is bordered

by irregular masses of chalcopyrite. Frobably the pyrite appeared before the
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chalcopyrite. The chalcopyrite contains grains of a gray mineral too small
to identify. The pyrite and chalcopyrite seem to be hypogene minerals appear—
ing in that order; the goethite, hematite, malachite, and chrysocollaare
alteration producis of the two hypogene mimerals formed by descending oxidising
solutions. = | | v

~ Thin sections of the disseminated material show the gangue as irregular
masses of caleite with subordinate quartz grains, the average of which are
0.2 millineter in diameter. Small quantities of quartz and epidote as irpegular
nasses mplace‘ calcite, The sulphide masses range in size from tiny blebs to
1.1 millimeter, & 5 G R

~

Prospects. :
The mines studied, never very prodéétin, have no developed ore. One
prospect only is being worked at present. The large fault dipping south from
the central part of the range and which underlies the small miming ares at
the southeast end of the range has several small faults making out from it into
Devonian and Carboniferous limestone in the east central part of the range.
Several pits have been sunk on these faults without any ore being discovered.
At present Pete Dworayk is driving a long dri.t‘t into the broken country just
above the main fault. As yet he has reported nothing but low silver assays
and a little molybdenite, but is continuing his work.

SUMMARY
This report deals with some seven square miles in the eastern part of
the Little Dragoon Mountains. The sedimentary rocks consist of the pre-Cambrian
Apache group, with the exception of the Mescal limestone; the Cambrian Troy-
Bolsa, Santa Cataline, Cochise, and Abrigo formations s and the Peppersauce Canyon
sandstone; the Devonian Martin limestone; the iississipplan Escabresa limestone;
and the Pennsylvanian Naco limestone. Hetamorphic rocks are represented by the
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pre-Cambrian Pinal schist, and igneous rocks by pre-Cambrian vein quartz and
four diabase sills of undeterminable age. The Apache group appears to be
thinning toward the southeast and becomes very thin at the extreme southeast
corner of the area. The basal Cambrian guartzite seems to have been formed
in an area of overlap between the Tucson-Globe, and the Bisbee~Tucson deposit-
ional sub-areas, and thus both the Troy and the Bolsa quartzites are present
with Troy at the base.

The sediments d1p 1n general northeast away from & grenitic stock
lacated @ short d:ustance to the southwest. Two systems of high angle faults
are Present, one s,triking generally north-south and the other striking spprox—

. imatsely east—wwst. - thrut. fault in the south-west section of the area
brings Hissmsippian hmstone over Cambrian and pre-Cambrian sediments.
On the southeast side of the range some small mines have produced a

dittle copper ore. Chalcopyrite is the chief ore mineral.
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