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V OLCANIC GEOLOGY OF T HE NORTHERN C HIRIC AHUA MOUNT AINS 

Evan s B .  Mayo 
Unive r s ity of Arizona 

Volcanic rocks ,  of p robable T e rtiary ag e ,  in the C hiricahua National Monument 
and the no rthe rn C hiric ahua Mountains ( fig s .  24, 4 8 ) ,  were  de s c r ib e d  in r e c ent publica
tions by Enlows ( 1 9 5 5) and by Sabin s  ( 1 9 57b) . The volc anic rocks a r e  expo s e d  in two 
structu r al block s .  The lower one ,  occupying the c r e st and ea ste rn slope o f  the moun
tains ,  c ontains only the two older units ,  the Nippe r  and Faraway Ranch fo rmations, 
ove rlying older rocks. T hi s  block ha s been ove r ridden from the we s t  by a complex 
of thrus t  slic e s  in which Nippe r  ove r ride s Faraway Ranch; a slic e of formations,  
rang ing in ag e from olde r P r e c ambrian to C retaceous,  ove r r ide s Nipp e r ;  thi s slic e ,  
i n  turn, i s  ove rlain again b y  Nippe r  and Faraway Ranch; and finally, ove rlying all, 
the Rhyolite C anyon fo rmation, which s eem s to post- date the young e st thrusts ,  r e s t s  
unconfo rmably o n  Faraway Ranch ( fig . 2 5) .  

Ac c o r ding to Sabin s { 1 9 5 7 b} ,  the older volc anic Nippe r  and Faraway Ranch 
fo rmations may have b e en extruded afte r the olde st  thrust faults of the po st-Coman
che o rog eny had b e en fo rme d, but the s e  rocks are obviously di splac e d  by the young e r  
thrusts . If Sabins i s  c o r rect ,  c ompletion of the fir s t  thrust movement s may have 
s et the stag e for the onset of volc ani sm. The r elief cau s e d  by the s e  o rog enic adju st
m ents had at least partially e roded away, prior to the fir s t  eruptions ,  becau s e  the 
volcanic rocks ac cumulated on an e r o s ion surfa c e  that bevell e d  Paleozoic and C o
manche ( Bi s b e e )  s e diments .  The ve ry earlie st volcanic rocks,  bas ic to inte rme
diate in c ompo s ition, wer e  them s elve s deb r i s  from the e r o s ion of some fairly di stant 
volc anic sou r c e .  Inte rlayered with thi s detritus i s  s om e  mate rial de rived from 
Paleozoic o r  other s e diment s .  As  time went on lava flows we r e  adde d to the a c c u
mulating Nippe r  fo rmation. 

The s ombr e -hued Nippe r  formation is the basal unit of the s e quenc e .  Its low e r  
half i s  a thick c onglome rate o f  poo rly so rte d, well rounde d ande s itic and po s sibly 
basaltic c obbl e s  and boulde r s  in a matrix of g raywacke s andstone . Similar c on
glomerate s ,  highe r in  the s e c tion, are inte r s tratified with dark g r e en augite basalt 
flows and g raywacke s andstone s .  At one locality, a 2 0 - foot b e d  of Paleozoic lim e 
s tone c orrglome rate appear s i n  the s e quenc e. Light-weathe r ing , aphanitic ande s ite 
flows c omp r i s e  much of the upp e r  part of the fo rmation. 

The Nipp e r  volcanic rocks,  more r e stricted in outc rop than any of the othe r s ,  
c rop out in thr e e  a r e a s .  One o f  the s e  a r ea s  i s  in the lowe r,  eastern structu ral 
block, b elow the we stern thrust slic e s . In thi s area i s  the peculiar,  prominent hill 
known a s  the Nippe r s  from which Sabins named the unit. T he bas ic to interme diate 
volcanic rocks of thi s area a r e  overlain by the Faraway Ranc h form'ation. The s ec ond 
expo sure,  j u s t  we s t  of C ochi s e  H ead, i s  near the ba s e  of the thrus t  slic e s , whe r e  
the formation over ride s Faraway Ranch rocks and has b e en ove r ridden, i n  turn, 
by rocks rang ing in ag e from P r e c ambrian to C omanche . In the third area,  we st 
of Maverick Peak, Nippe r  lie s unc onfo rmably on older rocks and is  in turn ove rlain 
in normal s equenc e by the Faraway Ranch and Rhyolite C anyon fo rmations .  

The Faraway Ranch formation wa s named by Enlows,  ( 1 9 5 1 ) afte r Faraway 
Ranch, j u s t  we st of C hi ricahua National Monument. T hi s  fo rmation ove rlie s the 
Nipp e r  r o ck s ,  i s  much more wide spread, and i s  e a s ily dis tingui shed from the dark, 
unde rlying volcanic rocks by its much lighte r c olor.  Mo s t  of the fo rmation c on s is t s  
o f  pal e ,  r e ddish-brown- weather ing rhyolite and rhvodac ite flow s  and agglomerate . 
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At l e a s t  2, 0 0 0  feet of the flows are expo s e d  at C oc hi s e  Head. The agglome rate con
tains angular fragments of dark, bas altic rock in a tuffac eous matrix.  Two bas alt 
flows ,  s eparated by a clay-vene ered ,  ir regular surfac e,  are known in the fo rmation 
a s  well a s  local l en s e s of stream- depo s ited tuff and lacu strine depo s it s .  Some of 
the lacu strine depo s its  are r ed, cla stic s ediment s  ove rlain by medium- to thin-b e dded 
white s andstone.  Other s  a r e  light- c olo r e d  and include fre sh-water lime s tone . 
Sabins ( 1 9 57b) sug g e sted that the lake s ,  in which the s e  s e diments ac cumulated, w e r e  
formed whe r e  volc anic fl o w s  blocked stream channel s .  

The Faraway Ranch formation thickens southwar d  toward the p r e s ent high part 
of the C hi r ic ahua Mountains ,  thus s ugg e sting a southern sourc e .  As alr e ady m en
tioned, the s e  rocks r e s t  on the Nippe r  formation in the lowe r, eastern structural 
block a s  well a s  on the we ste rn c omplex of thrus t  slic e s .  Obviously, both Nipp e r  
and Faraway Ranch rocks we r e  di splac e d  by the young e r  po st-C omanche thrusts ,  
and both formations wer e  penetrated by s iliceous  intrusion s of  p r obable T e rtiary 
ag e. It is evident that the r e sulting r elief was then r e duc e d  befo r e  any furthe r vol
c anic outpouring s .  Enlows ( 1 9 5 5) called attention to the angular unconfo rmity b e 
twe en the F araway Ranch and Rhyolite C anyon formations .  

Mo st of the e r uptions that spread thei r  products  ove r thi s new ero sion surfac e 
must have g iven r i s e  to glowing clouds o r  nu?e s  ardente s .  T he s e  are emul s ion-like 
mixtu r e s of incande s c ent dust,  larg e r  particle s ,  and g a s .  The s e  mixtu r e s form 
den s e  cloud s that flow very rapidly down even a very g entle slope,  leaving depo s it s  
i n  which the hot, plastic fragment s  flatten, weld tog ethe r,  and bec ome ar rang e d  in 
ill- defined plane s ( eutaxitic structure)  parallel to the surfac e s  ove r  which the glowing 
clouds advanc e.  The r e sulting depo s it s  are call e d  welded tuff, o r  ignimbrite . 

Photog raphs of nu{e s  ardente s show that, whe r e a s  the cloud a s  a whole advanc e s  
over the g round, much dus t  and ash r i s e  high into the air,  forming g r eat c auliflower 
clouds .  T hi s  cool e d  ash falls back on the main, welde d dep o s it, s o  that many w elded 
tuffs a r e  somewhat friable in their  uppe r portions wher e  they als o  lack the eutaxitic 
s tructu r e .  

E ruptions o f  glowing clouds were fir st obs e rv e d, i n  modern time s ,  a t  Mont P el�, 
Martinique ( Lac roix, 1 9 04 ; P e r r et, 1 9 3 7 ) ,  and at Komagatake, Japan ( Ko zu, 1 9 34 ) .  
W elde d  tuff ha s been de s c r ibed from many localiti e s ,  ( Moore,  1 9 34 ;  Mar shall, 1 9 3 5 ;  
Mansfield and Ros s ,  1 9 3 5 ;  G ilb e rt, 1 9 3 8 ;  W illiam s ,  1 9 4 2 ;  W e ste rveld, 1 9 4 3 ,  1 9 4 7 ;  
C otton, 1 944 ; F enne r ,  1 9 4 8 ) .  F o r  the welded tuffs o f  C hiricahua National Monument, 
Enlows ( 1 9 5 5) propo s e d  the name Rhyolite C anyon fo rmation afte r Rhyolite C anyon in 
which the s e  rocks are well expo s ed ( fig . 24) . 

Enlows has r e cognize d  nine memb e r s  in the Rhyolite C anyon formation. Seven 
of the s e  are welded rhyolite tuff, one is rhyolite tuff, po s sibly r e sulting from an a sh 
s hower,  and the upp e rm o s t  i s  a rhyodacite flow, 2 2 0  feet  thick, which c ap s  Sugarloaf 
Mountain. C ombined maximum thickne s s e s  of the nine member s ,  a s  mea su r e d  by 
Enlow s ,  total 1 9 2 7 - 1 / 2  fe et. One of the welded tuff memb e r s  attains a maximum 
thickne s s  of 8 8 0  feet. Some of the dens e,  firmly welded tuffs g rade upwar d  into l e s s  
c oher ent tuffs .  T he s ever al memb e r s  thicken and thin in various dir ection s ,  and 
Enlows ha s s ug g e sted s everal s ourc e s .  

The Rhyolite C anyon formation i s  found only in the we s te rn s tructu r al blo ck, 
above the thrust slic e s  and above the F araway Ranch fo rmation. The welded tuffs 
appear not to have b e en affected by the post-C omanche thru sting or penetrated by the 
T ertiary s ilic eou s intrusion s ,  but they we r e  displac e d  by normal faults of the Plio c ene 
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Marble Quarry Synchne 

I 1/2 • MILES 1 ' 1  II I I' I 
SCALE 

FIGURE 2 5 .  G e olog ic map and c r o s s  s ection o f  a r e a  betwe en Apache Pas s  and 
C o chis e Head, C hiric ahua Mountains ,  C ochi s e  C ounty, Arizona ( afte r  Sabins ,  
19 57b) . 
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( ? )  B a s in and Rang e o rog eny. A p robable c o r r elative of this formation has b e en 
de s c r ib e d  by Guille rman ( 19 58 )  in the c entral Peloncillo Mountains east  of the C hiri
c ahuas.  

Onc e mo r e  the r elief cau s e d  by o rog eny i s  slowly e roding away. Deep c anyon s  
hav e  b e en cut into the volc anic rocks . The welded tuffs ,  e spec ially the 8 80 foot 
memb e r ,  have yielded to e ro sion in an unus ual manner,  with the development of a 
pinnacled surfac e di splaying an exqui s ite, almo s t  lacy detail . Thi s  i s  the s o- c alle d  
I I  Wonde rland of Rocks,  I I  the p r incipal s c enic featu r e  of C hiricahua National Mon
-g.ment .  
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