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Pinacate C rate r s -Galbraith- 2 6  

CRATERS OF THE PINAC ATES 

F. W .  Galbraith 
Unive r s ity of Arizona 

The P inacate region is one of the lea s t  known de s e rt areas in the s outhwe stern 
Unite d State s and northwe ste rn Mexic o .  The P inacate Mountains ( fig . 1 )  are in 
Mexic o ,  about 50 mil e s  s outhwe s t  of Aj o and a few mile s we st of the highway to 
Punta Pena s c o  (Rocky Point) , and the fi shing town of Pue rto Pena s c o  ( fig . 60 ) .  The 
Pinacate Mountains ( fig . 30 )  fo rm the central part of the area and c on s i s t  of a g reat 
black o r  r e ddi sh-brown ma s s  of lava s and volc anic c inde r s  surmounte d by two c one 
shap e d  peak s ,  Lo s P ic o s  del P inacate, which r i s e  to an altitude of 4, 2 3 5  fe et.  Mo st 
of the mountain mas s is  c ompo s e d  of volcanic rocks  that apparently a r e  c on s ide rably 
olde r than the flows surrounding the rang e .  The surfac e s  of some of the young e r  
flows are s o f r e sh that they would appear to have been fo rme d  only ye s te r day. Some 
of the s e  young e r  flows eme rg e d  from vent s  hig h  on the flanks of the mountain s and 
have partially fille d  de eply e roded valleys in the olde r flows .  Othe r young flows 
a r e  a s soc iate d  with c inde r c one s along the ma rg ins of the mountains which lie  at 
altitude s c on s ide rably below 1 , 0 0 0  feet .  The lava s and c inde r c one s o c c upy an a r ea 
of approximately 600  s quare mil e s  and a r e  almo s t  compl etely sur rounded by a belt 
of dune sands . T he belt of sand dune s is  na r r owe s t  on the east  s ide of the P inacate s 
whe re the sand i s  only 3 o r  4 mil e s  wide . On the we st s ide , the belt of s and widens 
to 20 mil e s  or more and extends to the Gulf of Lowe r C alifo rnia ( fig . 1 ) .  

The old Spani sh highway, the " C amino Real" , which c onnec te d  C aborca, Sonora, 
with Yuma, Arizona, pa s s ed within 1 5  mil e s  of the Pinac ate s ,  and the twin p eaks 
c an be s e en from many points on thi s old trail. The g ene ral location of the I I C amino 
Reall l i s  now o c c upied by the pave d highway from Sonoyta to San Lui s Rio C olorado, 
Sono ra, and i s  in part c ove r e d  by the road log ( T rip VI, mi. 1 67 . 0 to 1 9 9 . 2 ) .  The 
I I C arnino Real" from Sonoyta to Yuma wa s known as the C amino del Diablo and the 
j ourney over it wa s r efe r r e d  to a s  the Jo rnada del Mue rto ( Journey of Death) in 
memory of the hundr eds  of people who die d  of thir st on thi s r oute . Thi s  trail c ould 
not have been e stabli shed without the help of the Papago Indians ,  who knew the lo
c ation of the few s ourc e s  of  wate r .  The Je suit fathe r s  we r e  probably the fir st white 
men to pa s s  ove r the trail in the sevente enth c entury.  The acc ounts of Fathe r Kino 
indicate that he pa s s ed s outh of the Pinacate s in 1 7 0 1  and l e d  a party which a s 
c ended to the summit o f  the mountain in 1 7 0 6  ( Ive s ,  1 94 2) . The r e  i s  no r e c o r d  of 
exploration in the c ountry surrounding the P inac ate s for about the next 2 0 0  year s ,  
although Sonoyta wa s inhabitated during the entire  pe riod. 

In r e c ent year s the P inacate region wa s undoubte dly penetrated by prospecto r s ,  
but they l eft little o r  no r e c o r d  of their vi s its . In 1 8 8 2 ,  Syke s C rate r ,  o r  C rate r 
G rande (fig . 6 0 )  wa s visited by S r .  Y .  S .  B onilla s ,  a mining eng ine e r  from Nog al e s ,  
Sono ra.  In 1 9 0 8  a party headed b y  D r .  D .  T .  Mac Dougal of the C a rneg ie  D e s e rt 
Laboratory, Tuc s on, and including W .  T .  Ho rnaday, J .  M.  Phillip s and G o dfrey 
Syke s ,  explored the P inacate s (Ho rnaday, 1 9 0 8 ) .  During the year s 1 9 09 - 1 0  C arl 
Lumholtz al s o  expl o r e d  a good deal of the P inacate reg ion while studying the Papag o 
Indians ( Lumholtz,  1 9 1 2 ) .  B oth partie s made the climb to the top of the P inacate s - 
Lumholtz from the east  s ide and the Mac Doug al g roup from the we s t. 

Undoubte dly the mo s t  inte r e sting featu r e  of the Pinacate r eg ion i s  the p r e s ence 
of at  l e a s t  ten larg e volc anic c rate r s  ( fig . 60 ) .  Two of the s e ,  Elegante and C e r ro 
C olorado, lie  5 and 1 5  mil e s ,  re spectively, no rtheast of the P inacate P e ak s .  
MacDoug al, Syke s ,  and Molina C rate r s  a r e  about 1 0  to 1 5  mile s no rthwe st 
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o f  the peaks and the newly nall1ed Moon C rate r was r e corded by M r .  Gl enton Syke s 
about two yea r s  ago .  The Mac Doug al party vi s ite d and nall1ed Mac Doug al, Molina 
and Syke s C rate r s ,  pauging at C e r ro C olorado on thei r  way. LUll1holtz vis ited 
Eleg ante and Syk e s  C rate r s  and note d C e rro C olorado at S Oll1e di stanc e to the north
east.  

There s e ell1 S to be  little doubt that the late st volc anic activity in the Pinac ate 
r e g ion took plac e in very r e c ent till1e and a Papag o leg end ( Lull1holtz, 1 9 1 2) r efe r s  
t o  volc anic e ruption s i n  the a r e a :  " El de r  B rothe r ( The C reator o f  the Papag o s )  lived 
in B aboquivari  before  he c all1e to P inacate . . At that till1e the re were ll1any pe ople 
in Pinac ate . The 1l10untain s were ve ry high then, and the sun u s e d  to set  s oon after 
it had r i s en, so the day s were ve ry short. Elde r B rothe r s aw that thi s did not suit 
the people,  and he de c ided to lowe r the 1l10untain s .  He built two fir e s ,  whe r e  the 
two peak s  are found today, ll1aking fi r e  by drilling one stick into ano the r .  The wind 
blew the a s he s about to all parts and ll1ade the 1l10untains lowe r,  c ove ring the c ountry 
so as to look as s e en today. Afte r  that the people lived c ontented, and the r e  wa s 
not so  ll1uch shade froll1 the we st. " 

T he 1110 st detailed s c ientific inve stig ation of the Pinacate c rate r s ha s b e en ll1ade 
by D r .  R. H. Jahns ( 2 7 ) .  Studie s  of the P inacate c rate r s  have b e en carried on by 
the Departll1ent of G eology of the Unive r sity of Arizona s inc e 1 9 52 and in Dec ell1ber 
1 9 57 a unive r sity g roup wa s acc oll1panied by Mr.  Eug ene M. Sho ell1ake r ,  of  the 
U .  S .  G e olog ical Survey, who ha s ll1ade detailed s tudie s of s ill1ilar volcanic c rate r s  
on the Navaj o and Hopi r e s e rvation s in Ari zona, New M exic o, and Utah ( Sho ell1aker ,  
1 9 56 ) . 

Sho ell1aker ( o ral c Oll1ll1unication, 1 9 5 7 )  inte rprets the P inacate c rate r s  a s  dia
tr ell1 e s .  The c rate r s  of Elegante and C e rro C olorado are partly fill ed by beds  of 
tuff which dip ste eply toward the c ente r of the c rate r s .  In the tuff - filled pip e s  of the 
Schwabian Alb and in s ill1ilar volcanic pipe s on the east coast  of Scotland, such 
inward dip s are believed to be partly the r e sult of fall - out o r  in-fall of debris  pro
duc e d  by explo s ive ac tivity afte r the ll1ain c rate r wa s fo rll1 e d. At  C e rro C olorado, 
sup e r ill1po s e d  volcanic debri s is thin, and the fine g raine d alluvial depo s its  unde r 
lying the Sonoyta valley are expo s e d  i n  SOll1e o f  the lower parts o f  the c rate r wall . 

It was o rig inally po stulate d that a diatrell1e r e s ults solely froll1 expl o s ive expan
sion. Daubree ( 1 8 9 1 )  c onc e ived the proce s s as the drilling of a hole through the 
c ru s t  of the earth by the expl o s ive r el e a s e  of gas  froll1 an unde rlying ll1agll1a.  Sho e 
ll1aker points out that r e c ent studie s o f  the pip e s  i n  the Hopi B utte s reg ion o f  the 
Navaj o c ountry, whe re the r e  i s  a larg e r  nUll1be r of well expo s e d pipe s than anywhe re 
el s e  in the wo rld, indic ate that the pipe s we r e  fo rll1ed by a ll1uch 1l10 r e  cOll1plex 
ll1echani sll1 . He sugg e sts that the fo rll1ation of the Hopi B utte s diatrell1e s tak e s  
plac e i n  two stag e s .  

The fi r s t  stag e consists  of the rapid r el e a s e  of gas  froll1 the unde rlying ll1agll1a 
chall1be r .  Thi s  g a s  find s its way to the surfac e through fractu r e s in the ove rlying 
rock s .  Onc e the channel way to the surface i s  forll1e d, the ll1agll1a c ontinue s to evolve 
g a s e s ,  and bits of lava and solid pie c e s  of the unde rlying rocks are entrained in the 
g a s  a s  it r is e s  along the fracture .  The early pha s e s of  enlargell1ent of  the vent are  
probably due to abras ion by entrained debri s .  Onc e  the pipe has b e en opened up a 
littl e ,  it in effect bec oll1e s a Venturi  which acc ele rate s the upward 1l10ving ga s e s  to 
high veloc itie s .  A p r e s sure drop ac r o s s the wall p e rll1its fragll1ents of the wall 
rocks to fall into the r i s ing colull1n of gas  a s  entrained debri s .  The c rate r at thi s 
stag e i s  cau s e d  prill1ar ily by c ollap s e  of the wall s into the fluidized c olull1n . 
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Depending upon the s iz e  and weight of the fragITlent s de r ived froITl the wall s ,  
S O ITl e  will s ink while othe r s  will be  c a r r i e d  upward i n  the r i s ing coluITln. SOITle of 
the fragITlent s  are rounde d and poli she d by thi s action and the ITlate rial s  within the 
vent are thoroughly ITlix ed. At the surface ,  ITlate rial i s  c onstantly being spewed 
out and the gas  is traveling at suffic ient veloc ity to carry the entraine d deb r i s to 
c onside rable he ights above the g round. The volc anic ITlate rial i s  s c atte r e d  and only 
the coar s e st fragITlents fall near the vent and forITl a low r iITl . 

The e ruption of a diatreITle in Chile wa s ob s e rved and de s c ribed by Muell e r  
( 1 9 5 6) .  In thi s in stanc e the total p e r iod o f  explo s ive activity wa s about three  ITlonths 
and consi ste d of a s taccato e ruption of entrained ITlate r ial acc oITlpanie d  by violent 
ej e c tion of g a s  for pe rio d s  of about 30 ITlinute s each, followed by periods of quie s 
c en c e .  The quie s c ent inte rval s becaITle long e r  and long e r  until the explos ive activity 
c ea s e d  entir ely. During the brief pe riods of eruption, debr i s  wa s e j e c ted to a height 
of app roxiITlately 3 ITlil e s  and di stributed ove r 1 0 0  s quare ITlile s of surrounding 
country. 

The s e c ond stag e of c rate r developITl ent in the Hopi B utte s region i s  believed 
by ShoeITlaker to c on s i s t  of the c ollap se  of the wall s due to sub s idence of ITlate rial 
in the c entral pip e .  Afte r the explo s ive pe riod i s  ove r ,  the deb r i s  filling the vent 
s ub s ide s due to a probable c OITlbination of seve ral facto r s ,  including po s s ibly 1 )  the 
c OITlpaction of the fragITlental ITlate rial in the vent, 2) the releas e  of lava thr ough 
s ubs idiary vent s c au sing lo s s  of p re s su r e  below the ITlain vent, 3) a s s iITlilation of 
iragITlental ITlate rial in the unde rlying lava c oluITln, and 4) contraction that take s 
plac e due to free zing of the lava coluITln. 

Of the P inac ate c rate r s ,  ShoeITlaker conside r s  C e rro C olorado to be a good 
exaITlple of  a diatr eITle of  the Hopi Butte s type ,  exc ept that it do e s  not  show evidence 
of  sub sidenc e after the expl o s ive pha s e  of  ac tivity. He de s c rib e s  it  as a c OITlp o s ite 
of four s eparate po int s of di scharg e which ITlay connect at shallow depths but which 
ITlake one nearly sYITlITletrical c rate r at the surfac e .  The late s t  depo s its  con s i st of 
two s e rie s of beds  - - the beds within the c rate r dip s te eply toward the ITlain c rate r 
and the second s e r ie s of b e d s ,  outs ide the c rate r ,  dip le s s  ste eply away froITl the 
c ente r .  The s e  depo sits  c on s i st of fragITlental deb r i s  frOITl the wall s of the vent, 
the unde rlying olde r rock s ,  and new ITlagITlatic ITlate rial .  

C rate r Elegante is  quite diffe rent froITl C e r r o  C olorado . Its steep, cliff-like 
inne r wall s are cOITlpo s e d  in ITlost plac e s  of a s e rie s of basaltic or ande s itic lava 
flows .  El egante lacks  the tuff beds dipping ste eply inward froITl the c rate r r iITl and 
it ha s only a low r iITl of fragITlental deb r i s  surrounding it.  Mac Doug al and Syke s 
C rate r s  are s iITlilar to, but sITlalle r  than, Eleg ante . Molina C rate r i s  a c OITlpo s ite 
of three  s eparate vents which ITlay be ITlore nearly like C e r r o  C olo rado . 

The g ene rally a c c epted inte rpr etation of the structure s called c alderas i s  that 
they are fo rITled by the c ollap s e  of the land surfac e ,  u sually a volcanic c one,  over a 
ITlagITla r e s e rvoir  at ITlode rate depth which ha s been partially draine d of it s ITlagITla 
through e ruption. In g ene ral,  calde ras a r e  larg e r  than the Pinacate c rate r s .  The 
larg e st known i s  S OITle 30 ITlil e s  in diaITlete r and exaITlpl e s  include La C alde ra in the 
C anary I slands,  Krakatoa in the Sunda Strait between Java and SUITlatra, and C rate r 
Lake in O r egon. The e s sential diffe renc e s  between a calde ra and a diatreITle are 
1 )  that the c alde ra has a ITlagITla r e s e rvoir  which i s  shallow c OITlpared to  the diaITleter 
of  the c rate r ,  whe r e a s  the r e s e rvoir  of  the diatreITle is  deep c OITlpar e d  to the c rate r  
diaITlete r ;  and 2) that the calde ra dep r e s sion i s  fo rITled b y  the c ollap s e  o f  the roof 
of the r e s e rvoi r ,  whe r e a s  the developITlent of the depr e s s ion of a diatreITle is de -
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pendent upon the opening of a ve rtical conduit and the piec eITleal sub sidenc e of the 
wall s into the c onduit a s  the eruption p ro c e e d s .  

It i s  obviou s that the re i s  still ITluch to b e  learne d about the Pinac ate c rate r s ,  
including the regional g eology of the area in which they are locate d. F roITl what 
depths caITle the fragITlents of g ranite , gnei s s  and othe r non- vol c anic rocks found 
ITlixed in the volcanic debri s ?  Why are the fragITlents of bas eITlent rocks so ITluch 
ITlo r e  nUITlerou s  at C e rro C olo rado than at C rate r Eleg ante ? What are the age s of 
the volcanic e ruptions which fo rITled the olde r lava s ,  the c rate r s  theITls elve s ,  and 
the young e r  lava flow s  which look as though they we r e  pour e d  out only a few weeks 
ag o ?  

The r e  i s  S OITle evidenc e a s  to how long ago the c rate r s  we r e  fo rITled. Fallout 
deb r i s  on the outer slop e s  of Elegante a r e  cove r ed in plac e s  by alluviuITl iITlpr egnate d 
with c aliche to an extent g ene rally develop e d  in the southwe s t  only in depo s it s  of 
W i s c on s in ag e o r  olde r .  The c ente r of the c rate r i s  fille d  with lake beds containing 
fre sh-water ITlollu s c s ,  indic ating a g r ound wate r table highe r than at p r e s ent.  Thi s 
wa s the c a s e  in the late Ple i sto c ene.  The lake beds al so  contain enough caliche to 
be typical of tho s e  of W i s consin ag e .  Sinc e the end of W i s con s in tiITle ,  littl e chang e 
ha s taken plac e .  The r e  ha s been SOITle di s s e ction o f  the lake beds in the c rate r and 
of the explo s ive cla stic ITlate rial outs ide of the c rate r riITl .  Eleg ante would appear 
to be not ITluch olde r than the beds we can s e e .  The r e  al s o  appear s to be no evidenc e 
that the othe r c rate r s ,  exc ept fo r C e r ro C olorado, we r e  not fo rITled at about the 
s aITle tiITle .  C e r r o  C olorado app e a r s  to be  young e r  than the othe r c rate r s  and ITlay 
have e r upte d within hi sto ric o r  late p r e -hi s toric  tiITle ( rve s ,  1 9 5 6) .  
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