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D rag oon Quadrangl e - C oope r - 2 3  

SOME GE OLOGIC FEAT URE S  OF THE DRAGOON QUADRANGLE , ARIZ ONA 

John R.  C oope r  
U .  S .  G eological Survey 

INTRODUC T ION 

The D ragoon quadrangle ( fig . 2 6 ,  48) in the northwe stern part of C ochi s e  C ounty, 
Arizona, p rovide s an exc ellent s ample of ba s in - and- rang e g e ology - - particularly 
the type of ba sin- and- rang e g eology found on the site of the old SQ.no ran g eo syncline 
( Mc Ke e ,  1 9 5 1 ,  pI. 3 ) . Se dimentary, igneou s ,  and metamorphic rocks,  which r ang e 
in ag e from early P r e c ambrian to Rec ent, a r e  well di splayed.  The structu r e  indicate s 
r epeate d orog enic and epeirog enic deformations and include s larg e Laramide thrust  
faults and some lar g e  s teep faults that trend we st-no rthwe s t  and appear to be  elements 
of the T exas lineament. Mine ral depo s its  include copp e r ,  zinc , and tung s ten. 

Publi she d  g eologic information on the quadrangle deal s  larg ely with the John son 
area and include s  a pr eliminary summary of the g eology ( C oop e r ,  1 9 50 ) ,  and di s 
c u s s ions o f  an explorato ry drilling proj ec t  (Rom s 10 , 1 9 49 ) ,  a g eochemic al pro spect
ing exp e r iment ( C oop e r  and Huff, 1 9 5 1 ) ,  localization of  the o r e  ( B ak e r ,  Arthu r ,  1 9 5 3) ,  
and metamorphi sm of the carbonate rocks ( C oope r ,  1 9 57 ) .  The g e ology of the tung 
s ten depo sits i s  summarized by W il son ( 1 9 4 1 ,  p .  4 1 -4 5) .  The structu r e  of part of 
the quadrangle is di s c u s s ed by Enlows ( 19 4 1 ) ; and the Late Paleozoic stratig raphy is  
de s c r ibed by G illuly, C oope r ,  and W illiam s ( 1 9 54) . 

A study of the g eology of the quadrangle was s ta'rte d in 1 944 by the U .  S .  Geolog 
i c al Survey, and field wo rk in the area was c a r ried on at inte rval s until 1 9 5 3 .  

T opog raphic S etting 

The Dragoon quadrangle s traddle s the drainag e divide betwe en two maj or valley s ,  
the San P edro Valley on the we st and the Sulphur Spring Valley on the east. B oth 
valleys extend no rth-northw e s t  from the Mexican borde r  fo r mo re than 1 0 0  mile s 
into Arizona. A mountain bar r i e r  s eparate s the valleys at most plac e s .  The Dragoon 
quadrangle c ontain s one of the lowe s t  point s in the mountain bar r i e r ,  D ragoon Pas s ,  
which i s  the main route of the Southe rn Pac ific Line s ,  and, e arlie r ,  of the B utte rfield 
Stag e.  

In the south- c e ntral part of the D rag oon quadrangle are the Little Drag oon Moun
tains ( fig . 54B ) .  In the ea stern part are the north tip of the Dragoon Mountains ,  the 
Gunni s on Hill s ,  Ste ele Hill s ,  and the south tip of the W inche ster Mountains .  In the 
we st- c entral part are the Johnny Lyon Hill s ,  from which a r idg e  extends no rthward 
and j oins the Galiuro Mountains about 20 mil e s  no rth of the quadrangle boundary. 

ROC K U NIT S 

Stratifie d rocks expo s e d  in the D ragoon quadrangle probably total about 4 0 ,  0 0 0  
fe et in thickne s s .  Half of thi s e stimate d thic kne s s  i s  r epre s ented b y  meta- s edimen
tary and meta- volc anic rocks of the lowe r P r e c ambrian Pinal s c hi st, and half i s  
r ep r e s ented by all the young e r  stratified rocks . Intru s ive igneou s rocks include 
dike s and s ill s of diaba s e  and lamprophyre and larg e bodi e s  of g ranodio r ite ,  quartz 
monzonite , and g r anite .  The s e quenc e of rock units is summarized in table 7 .  

1 39 



4 3 

O T a l  

· · · · · · · ·· · · ,q�'./�.o.. . . . .  /.��.f 
· · · · /��.�I . . . . . . . . . . .. .. .. . . . . . . . . .. . .. ... . 

E X P L A N A T I O N  

B Al luv ium 
I:�c�\ ] 

Conglomerate and � 
volcanic r o c k s  cl 

�t2j3 
Quartz monzonite 

and aplite 

1m }i 
S ed imentary and % 

VOIC�CkS }I 
Sedimentary r o c k s  if. J{ nmrn � E lI.t1:Ull � � Apa�he grou

.
p and 

.i" diabase si lls 
� � 

Granodiorite a n d  

R h yo l i t e  porphyry 

I�� P i na l  sc h is t 

Conlact  
--%- --.. . .. . 

H i g h  ·ongle fault  
Do shed where oppro.fimotny 

tocoted; dot fed where con

ceoled. U ,  upthrown side; 

0, downthrown side 
. 

. ' --------- - -
Thrust f a u l t  

Dashed ",here opproumotety 

locoted; dOfled where con

cealed. Sow feeth on side 

of upper plate 

/35 
Str ike  a nd dip of beds 

Keo 
Strike and dip of overfurne-d beds 

-I'eo /'7� � Strike and dip of schistosity and ____ ='-'i plunge of l i n e a t i o n  

--J 
� ------I 

I N O E )(  MAP SHOWING MAIN 

L A R AM I DE S TRUC T U R A L  BLOCKS p(:g  
32·0 0' L---����----------------�--------���------------����::����----------�----������ 

o 

G e o l o g y  b y  J. R. Cooper, L. T. S i l ve r ,  a n d  o t h e r s  

G e n e r a l i z e d  b y  J. R . C o o p e r ,  1 9 5 8  

4 M i l e s  

49...-
Strike- of ve rtica l schistosity 
and p l u n g e  o f  l i n e a  t io n  
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P r e c ambr ian Rocks 

Lowe r P r e c ambrian rocks include the P inal schist and silicic intru s ion s . The 
P inal s chi st is a thick s e r i e s  of regionally metamorpho s e d  g raywacke , shale ,  and a 
few lava flow s of rhyolitic and basaltic c ompo s ition. The s e  rocks,  tog ethe r with 
intrus ive she ets and s tocks of rhyolite porphyry, a r e  now r ep r e s ented by slate s and 
s chi sts  of the g re en s chi st  fac ie s and locally of the epidote - amphibolite fac ie s .  Al 
though the s e  rocks show c onspicuou s boudinag e structu r e s  and othe r effects  of intens e  
dynamic metamo rphi sm, s om e  p r imary depo s itional featu r e s ,  such a s  g raded bedding , 
are s till p r e s e rved.  

Al s o  early P r e c ambrian are larg e post- tectonic ma s s e s  of g ranodiorite near the 
Johnny Lyon Hill s and g ranite in the W inche ster Mountains .  G ranite ma s s e s  on the 
we st s ide of the Little D ragoons and in the Dragoon Mountains are a s s igned to the 
early P r e c ambrian but c ould be young e r .  

Upp e r  P r e c ambrian rock s ,  which a r e  g enerally unme tamo rpho s ed, c on s i st of 
the lowe r part of the Apache g r oup, and al so  s ill s of diaba s e .  T he Apache g roup, 
which r e st s  with angular unc onfo rmity on the lowe r P r e c ambrian rocks,  i s  r ep r e  s ent
ed by the Scanlan c onglomerate , Pione e r  s hal e ,  B arne s c onglomerate , and D ripping 
Sp ring quartz ite - - all ve ry s imilar in lithology to the type s ections of the s e  forma
tions in c entral Arizona. Sill s of diaba se ,  which unque stionably p r e - date the B ol s a  
quartzite o f  C ambrian ag e ,  cut the Apache g r oup. The uppe r  P r e c ambrian rocks 
are found in the Little Dragoon Mountains and in the areas  to the no rthwe s t  but are 
ab s ent at  the south end of the Winche ster Mountain s and in the D ragoon Mountain s ,  
whe r e  C ambrian rocks lie directly on the c rystalline ba s ement. No o c c u r r enc e s  of 
the Apache g roup a r e  known in the areas south and east  of the Little Dragoons . 

Paleo zoic Rocks 

In slight angular di s c o r danc e on the uppe r  P recambrian formations a r e  about 
6, 0 0 0  feet of Paleozoic s edimentary rocks with no angular di s c o r danc e s  in the s e 
quenc e .  The C ambrian system i s  repr e s ented by the B ol s a  quartzite o f  Middle 
C ambrian ag e and the ove rlying Ab rig o formation of Middle and Late C amb r ian ag e .  
T he Martin formation o f  Late Devonian ag e r e s t s  with appar ent confo rmity o n  the 
Abrig o .  The E s cab r o s a  lime stone o f  Early Mi s si s s ippian ag e r e s t s  on the Martin 
and is followed by the Black P rinc e lim e s tone,  which is of Late Mi s s i s s ippian o r  
Early P ennsylvanian ( ? )  ag e .  The Pennsylvanian and Pe rmian sy stem s a r e  repre
s ented by the Nac o g roup,  which is  he r e  nearly 4 , 0 0 0  feet  thick and i s  divi s ible into 
6 formation s .  The s e  formations a r e ,  in a s c ending o r de r ,  the Ho rquilla lim e stone 
( Early Pennsylvanian and early Late Pennsylvanian) , the Earp fo rmation ( Late 
P ennsylvanian and earli e st P e rmian) , and the C olina lim e s tone, Epitaph dolomite , 
Sche r r e r  formation, and C oncha lime stone ( all P e rmian) . The Epitaph dolomite 
ha s not been r e c ognize d  no rth of the D ragoon Mountain s .  

M e s o zoic Rocks 

M e s o zoic rocks include : ( l )  a locally occur ring s equenc e of ande s itic and dac itic 
volc anic rocks refe r r e d  to the T r ia s s ic or Jura s s ic and not p r eviou sly reported in 
Arizona ; ( 2) the Glanc e c onglome rate and fine r - g raine d cla stic beds  of the B isbee 
g roup ( Early C retac eou s ) ; and ( 3) a s equenc e of  ande s ite and feldspathic s edimentary 
rocks,  which are in fault r elation to older fo rmation s  at the s outh end of the W in
c he ste r Mountain s ,  and which are refe r r e d  tentatively to the late Early C retac e ou s  
o r  Late C retac eou s .  Expo s ur e s  do not pe rmit piec ing tog ethe r a c omplete M e s ozoic 
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s ection. C on spicuous unconformitie s  occur  at the ba s e  of ( J ) and ( 2) ,  but the angular 
di s c o r danc e  is slight. All the M e s o zoic unit s have been folded and thru st faulte d to 
the same deg r e e  as the Paleo zoic fo rmations .  

T e rtiary and Quate rnary Rocks 

The qua rtz monzonite of T exa s C anyon was intruded afte r defo rmation of the 
M e s o zoic and older rock s ,  probably in early T e rtiary time . Aplite and lamprophyre 
dike s we r e  intruded afte r the quartz monzonite was emplac ed.  Still late r ,  probably 
in middl e  T e rtiary time, c onglome r ate and an ove rlying s equenc e of volcanic rocks 
w e r e  laid down unconformably on the olde r rocks . T he volcanic rock s ,  which rang e 
in c omp o sition from basaltic ande s ite to rhyolite, are c onfined to the no rthe rn part 
of the quadrangle and are part of the g reat volcanic pile that make s up the Winche..ster 
and Galiuro Mountain s .  Late T e rtiary and Quaternary rocks c omp r i s e  probable 
Plioc ene and early Plei s toc ene str eam and lake dep o s it s  and young e r  pediment 
g ravel s and alluvium. 

STRUC T URE 

The rocks of the D ragoon quadrangle reco r d  2 maj o r  o r o g enie s  and at least  5 
l e s s e r  di sturbanc e s .  

The earlie st and most inten s e  deformation, evidently the Mazatzal revolution 
of W il s on ( 1 9 39 ) ,  took plac e in P r e c ambrian time befo r e  the Apache g r oup wa s depo s 
ited. Dur ing thi s o rog eny the P inal s chi st  and intrusive rhyolite porphyry we r e  
defo rmed into i soclinal folds with axial plane s chi s to s ity and line ations parallel to 
the fold axe s .  In the Johnny Lyon Hill s and northern part  of the Little Dragoon 
Mountain s the folds are c ommonly ove rtu rned to the northw e s t  and the fold axe s  a r e  
steep .  Els ewhe r e  the structu r e  i s  mor e  e r ratic and has not b e en d e c iphe r e d  i n  detail . 

The old struc tu r e s  in the P inal s chi s t  have had little appar ent effec t  in localizing 
late r faults  and folds ; but maj o r  intrus ive bodi e s ,  from early P r e c ambrian to T e r 
tiary in age ,  a r e  elongated parallel to the old trend. 

Slight warping and probably minor faulting near the clo s e  of P recambr ian time 
a r e  sho wn by the r elations of the B ol s a  quartzite to the Apache g roup and P r e c ambrian 
diabas e .  Ste ep faults of at least  two ag e s  between early P e rmian and Early C reta
c eou s ,  and with hundr e d s  of fe et of dis plac ement, ar e trunc ate d by unconfo rmiti e s  
at the bas e  o f  the B i sb e e  g r oup and the p r e - B i s b e e  volc anic rock s .  No s ignificant 
folding accompanied thi s faulting . There wa s rathe r an appar ent random j o stling 
of fault blocks  that did not r e s ult in ve ry g r eat s tructu ral r elief in the Dragoon 
quadrangle .  

Anothe r maj o r  o rog eny, probably the Laramide revolution of the Rocky Moun 
tains ,  took pla c e  in Late C retac eous o r  early T e rtiary time . T he g eneral s tructural 
trend i s  northwe st, nearly pe rpendicular to the p r e - Apache structu r e s .  Four maj o r  
s tructu ral blocks a r e  r e c ogni zable ( fig . 2 6 ) . 

Block 1 ,  in the southwe stern part of the quadrangle,  i s  cha racte rized by g r eat 
thrust plate s of P r e c ambr ian, Paleo zoic , and M e s o zoic rocks which have ove r ridden 
from the s outhwe st. The c ontinuity of the block i s  b r oken by the T ung s ten King ho r st 
from which the thrust  plate s have been e rode.d, by the T e rtiary quartz monzonite of 
T exas C anyon, and by alluvial c o ve r .  
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Table 7 .  Generalized s equence o f  rock units in the Dragoon quadrangle 

SYSTEM SERIES GROUP ROCK UNIT 
THICKNESS 

(feet) 

Quaternary Alluvium 0- 600+ Unconformity 

Rhyolite dii{es - - -
Volcanic rocks 1, BbU.+ 

Tertiary Conglomerate 50-2000(? )  
__ Unconformity 
Lamprophyre dikes - - -
Aplite dikes and plugs - - -
Quartz monzonite - - -

Upper 
or Volcanic and clastic s edimentary rocks 4, 900 ( ? )  

Lower 
Cr etaceous Bisbee C intura and Morita formations undifferentiated 2, 5UU+ 

Lower group Glance conglom erate bUU+ 
Unconformity 

Jurassic or Andesitic and dacitic volcanic rocks 0- 500+ 
Triassic 

Unconfor mity 
Concha limestone 130  
Scherr er for mation 69U 

Permian lower Naco 
Epitaph dolomite 0- 1 50(?) 
Colina limestone 44U 

group Earp for mation 1 , 130 lup�er 
Pennsylvanian Lower Horquilla limestone 1 , 600 

Black Prince limestone ; beds of Pennsylva- 1 20- 170  
Mississippian 

Upper nian ( ? )  age may be included locally 
Lower Escabro sa limestone 585- 750 

Devonian Upper Martin formation 210- 270 
C ambrian 

Upper 
Abr igo for mation 700- 800 Middle 
Bolsa quartzite 20 (? )-480 

Unconformity 
Diabase sills - - -
Dr ipping Spring quartzite 300 

Upper Apache Barnes conglomerate 3-15  
Pioneer shale 1 50-3UU group 
Scanlan conglomerate u-30 

Pr ecambrian Unconformity 
Aplite dikes and plugs - - -

Lower GranodIOrite and granite - - -
Rhyolite porphyry stocks and intrusive sheets - - -
Pinal schist 20, UOUi?) 
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Block 2 ,  which i s  struc turally below block 1 and wa s ove r ridden by it, mak e s  
up most  o f  the no rthea stern two thir d s  o f  the Dragoon quadrangle .  Its dominant 
struc tu r e  i s  a maj o r  tilt to the northea st.  The P r e c ambrian ba s ement is  expo s e d  
only along the s outhwe st s ide o f  the block.  Along the nor thea st s ide,  at the south 
end of the Winche ster Mountain s,  the P re c amb r ian bas ement i s  probably many thou
sands of feet below the surfac e .  

The g re at tilte d block i s  modified by fold s  and faults . The folds trend no rth to 
no rthwe st.  T hey are g enerally broad and open, but in the Steele Hill s, a r e  clo s ed 
and locally ove rturned to the northea s t. The r e  are s eve ral s et s  of steep faults ,  
mo s t  of which a r e  too small to show at the map s c al e .  Thrust faulting i s  mino r and 
diffe r ent in direction from that in block 1 .  The few small thru s t  plate s known in 
block 2 evidently ove rrode from the east. 

Block 2 i s  bounded on the northeast, at the s outh end of the Winche ster Mountain s ,  
b y  a zone o f  maj o r  thru st ( ? ) and wr ench ( ? ) faults which trend N.  6 50 - 7 0 0  W .  North 
of thi s fault zone i s  block 3, in which P re c ambrian ba s ement rocks a r e  expo s e d. 
Block 2 i s  bounde d on the we s t, about 6 mil e s  northwe st of the Johnny Lyon H ill s ,  
by a zone o f  thrust faults which trend north. Along this fault zone , lowe r P r e c am
b rian rocks of block 2 have been thrust w e s tward ove r  Me sozoic rocks  of  block 4.  
T he re are only small expo sur e s  of the fault zone northwe st of the Johnny Lyon Hill s 
and the one in the W inche ster Mountains ,  but the indicated s tructural r elief in both 
zon e s  i s  g r eat. 

Two epi so des d important block faulting and g entle folding po st- date the middle 
T e rtiary volcanic rocks and are larg ely r e spon sible for the ba s ins and rang e s  of the 
p r e s ent. One of the s e  defo rmations p r e c e ded,  and the othe r followed, depo s ition of [ the olde r alluvium. The mo st conspicuou s faults and folds are parallel to the long 
axe s  of the rang e s  and ba s in s .  The s e  include a syncline in the volc anic rocks of the 
Ste ele Hill s and the Gunnis on Hill s normal fault, along which the Paleozoic fo rmations I of the Gunni s on Hill s appear to have b e en uplifted s everal thou sand fe et r elative to 
the same fo rmations we st of the fault. Minor faults oblique to the topographic trend 
a r e  c ommon, and one lar g e  oblique fault, the Antelope T ank fault, appear s to be of [ regional importanc e .  Thi s  fault, which trends N. 6 50 _ 7 00 W . , was active in late 
T e rtiary o r  Quate rnary time,  when the no rth s ide wa s downthrown an indeterminate 
amount. The r e  a r e  indications that the Antelope Tank faul t was als o  active during l the Laramide r e volution. The fault i s  parallel to the g r eat Laramide fault betwe en 
structu ral block s  2 and 3 in the Winche s te r  Mountains ,  and both faults are r eg ar ded 
a s  elements of the T exas lineament, which i s  a broad and not well defined zone of I faults  and othe r tectonic featu r e s that extends we st-northwe st from southe rn T exa s 
to the vicinity of Lo s Ang ele s ,  C alifo rnia, oblique to the g ene ral C o rdille ran trend 
(Hill, 1 9 0 2 ,  p. 1 7 3 ;  Ransom e ,  1 9 1 5 , p .  29 5 ;  B aker,  C .  L. , 1 9 34 ,  p .  20 6 - 2 14 ;  Moody I 
and Hill, 1 9 5 6 ,  p .  1 229 ) .  l 

Defo rmation that po st- date s the older alluvium i s  particularly c on spicuou s near [ the G unnis on Hill s ,  Steele Hill s ,  and Wmche ster Mountains .  The olde r alluvium 
i s  turned up on the flanks of the s e  rang e s  and i s  c ut by more than a dozen faults ,  
including the G unni son Hill s fault. No evidenc e for  s uch late uplift is  found near [ the other mountain blocks in the D ragoon quadrangle ,  sug g e sting that the s e  blocks 
we r e  uplifted earli e r .  Po s sibly they are outlined by faults which have b e en bevell e d  
b y  p ediment s  and a r e  now c onc eal e d  beneath the alluvium. I 
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MINERAL DEPOSIT S 

The entir e  Drag oon quadrangle ha s been include d in the C oc hi s e  ITllnlng district, 
a larg e unorganiz ed di strict, which ha s neve r b e en c ons i stently defined. Portions 
of the area are cOITlITlonly r efe r r e d  to by othe r naITl e s  that have ITlore definite g eo 
g r aphic and g eolo g ic s ignificanc e .  

C oppe r  and zinc depo sits  a t  John son, which b y  the end o f  1 9 5 5 had yielded nearly 
1 ,  0 0 0 ,  0 0 0  ton s of ore  with a value of about $ 2 0 ,  0 0 0 ,  0 0 0 ,  a r e  the ITlo s t  iITlpo rtant 
depo s its  c OITlITl e r c ially. The s e  depo sits  are no rthea s t  of the quartz ITlonzonite of 
T exas C anyon and are of the pyroITleta s oITlatic typ e .  Metallization wa s p r e c eded 
by the rITlal ITletaITlo rphi sITl whi c h  c onve rted iITlpur e  carbonate rocks to garnet, diop
s ide , and othe r silicate ITline ral s ,  with c oncoITlitant lo s s  in voluITle .  Sphal e r ite,  
c hal c opyr ite , and locally bo rnite have r eplac e d  favo rable beds  in the ITletaITlorpho s ed 
s e quenc e near fi s su r e s and othe r structur e s  that p rovided channels for ITline r alizing 
solutions .  The o r e  bodie s have the fo rITl of tabular ITla s s e s  and chiITlneys  in the plane 
of the b e d s .  Larg e o r e  bodi e s ,  so far found, have all b e en within a thin s tratig r aphic 
zone in the Abrigo fo rITlation . 

T ung sten depo s it s ,  g ene rally c all"e d  the Dragoon tung s ten depo sits ,  have had a 
ITloderate but unknown production. Mo st  of the tung s ten has C OITle froITl veins and 
lode s in the no rthea stern part of the quartz ITlonzonite stock of T exa s C anyon, and 
froITl plac e r s  de rived froITl the s e  depo s it s .  The veins trend northeast  and cons i s t  
o f  huebne rite , s cheelite,  and trac e s  o f  ba s e - ITletal s ulfide s i n  a gangue o f  quartz,  
ITlu s c ovite, and fluorite . Rich ore pockets have b e en ITline d froITl shallow working s ,  
but the ITletallized vein s  have proved too sITlall and the tung s ten c ontent too e r r atic 
fo r p rofitable deep ITlining . At the Tung sten King ITline on the we st s ide of the Little 
D ragoon Mountains , about 1 2  ton s of s cheelite c onc entrate s have been produc ed froITl 
a c ontact vein between P r ecaITlbr ian ( ? )  g ranite and Pinal schist .  

SITlall lead- silve r  vein and r eplac eITl ent dep o s its  occur in the no rthern part of 
the Gunni son Hill s .  The larg e st and r iche st  depo s it i s  at the T exas Arizona ITline,  
f roITl which r e c orded shipITlents between 1 9 0 8  and 1 9 28 total 7 1 8 ton s of  ore ave rag ing 
nearly 4 0  perc ent lead and 50 ounc e s  of s ilve r to the ton. T h e s e  o r e s  we r e  oxi di z e d  
and occur red a s  sITlall r eplac eITlent bodie s along beds and fi s su r e s  i n  the E s cab r o s a  
liITl e stone . 

Marble,  ln the forITl of rough ITlonUITl ental stone, te r razzo,  and roof chip s ,  i s  
produc e d  froITl depo s it s  a t  the north end of the Dragoon Mountains . Ope rations to 
date have been on a sITlall s c al e .  
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