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Waterman Mountains - Mc C lymonds - 1 5  

PALEO ZOIC ST RATIGRAPHY OF THE WATERMAN 
MOUNT AINS, PIMA C OUNT Y ,  ARIZONA 

Neal E .  McClymonds 
U .  S .  Geological Survey 

INTRODUC TION 

The Wate rman Mountain s are  topog raphic ally typical of B a s in and Rang e p rov
inc e mountain s ,  but they a r e  di stingui shed b e c au s e  they are compo s e d  p r edominantly 
of Paleozoic s edimentary rock s .  In contrast ,  most  nearby mountain s and hill s a r e  
c ompo s ed p r inc ipally of po s sible P r e c ambrian rocks o r  of C r etac eous( ? )  and young e r  
s edimentary, vol c anic , and intrusive rock s .  T he inte rior structure  of rang e s  in thi s 
area i s  known to be  complex ( B rown, 1 9 39 ;  B romfield, 1 9 50 ;  Richard and C ourtright, 
1 9 54) . The struc ture in the Wate rman Mountains i s  noteworthy becau s e  to a larg e 
extent it involve s P aleo zoic rocks who s e  stratig raphy i s  definable .  The s e  P aleozo ic 
rocks are  de s c ribed b r iefly in thi s r epo rt.  

T he Wate rman Mountains are  about 35 mile s we st of T uc son, Ariz . ( fig . 5 5) ,  
and about 5 mil e s  southeast  of the Silve r B ell Mountains and the Silve r  B ell mining 
c amp ( fig . 4 5 ) .  South and southea st of the Wate rmans are the low hill s of the Ro s 
krug e Mountains and to the east  and we st of the rang e are  two broad alluvial vall ey s .  
T he valleys o n  e ithe r s ide o f  the Wate rman Mountains a r e  about 2 ,  1 00 fe et above 
s ea l evel ; the rang e r i s e s  to Wate rman Peak, which i s  3 , B 2 0  feet in altitude ( fig . BA) . 

The Wate rman Mountain s were fir st mapp e d  in 1 9 24 fo r the Arizona State g e 
ologic map on a s c ale of 1 : 50 0 , 0 0 0  ( Darton and othe r s ,  1 9 24) . Portion s of the r ang e 
we r e  mappe d  by A. W .  Ruff ( 1 9 5 1 ) and by the write r ( McClymonds ,  1 9 57 )  and a g en
e r al mapping prog ram by the U .  S .  G e ological Survey is p r e s ently in p rog r e s  s on 
that part of the Waterman Mountains within the Papago Indian Re s e rvation. 

Internally the Wate rman Mountains appear to be compo s e d  of the e roded r emains 
of a c rumple d  r e c umbent fold, b roken by thr ee  maj o r  s ets  of faults ( fig . 7 ) .  The 
fold trends no rthwe stward through the c entral part of the rang e and plunge s  to the 
southea s t. The northe a ste rn flank of the fold i s  well exp r e s s ed by the ridg e s  along 
the northeast  front of the rang e .  The southwe stern flank is r ep r e s ented by both the 
ridg e s  in the southwe stern part of the r ang e and the hill s south of the Wate rman 
Mountains . The rocks on the southwe stern flank appear to be  more thoroughly b r o 
ken b y  faults than tho s e  on the northea stern flank, and the hill s south and e a st of 
the main part of the W ate rman Mountains a r e  p r e sumed to have been displac e d  e a s t 
war d  along a strike - slip fault ( fig .  BC ) .  F olding , othe r than exp re s s e d  i n  the larg e ,  
poo rly defined r e cumbent fold, i s  minor and o c cu r s within incompetent beds  such a s  
tho s e  of the Earp formation. 

The maj o r  fold was broken by high- angle thrust faults that trend g en e r ally N.  
4 50 W .  T he larg e wedg e  of olde r Paleozoic rocks  in  the c e ntral part  of the r ang e 
di splac ed, and i s  now bounded by, P ennsylvanian and P e rmian beds along this no rth
we s t  trend (fig . BB ) .  T hi s  trend i s  roughly parallel to the probable fault c ontact b e 
tween the Pal e o zoic r o c k s  of the northea st flank o f  the fold and the topog raphic ally 
lowe r C retac eous ( ? )  rocks to the no rthea st. It i s  sug g e sted that the Wate rman Moun
tains we r e  formed by the thrusting of Paleo zoic and P r e cambrian( ? )  rocks through 
the C r e tac eous(  ? )  s edimentary rock s .  

Subs equent faulting along N .  600 - 7 50 E .  and N .  B 5° W .  trends di splac e d  the N.  
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1 5 - Mc Clymonds - Wate rman Mountains 

4 50 W .  struc ture s  by amounts rang ing from a few feet to about 1 , 0 0 0  feet.  Di s 
plac ement of about 1 - 1 / 2  mile s appears  to have occurr e d  along the probable N .  7 50 
E .  - trending str ike - slip fault south of the c entral part of the r ang e .  

Wil son ( 1 94 9 )  s tate d that much of the thrusting in s ou the rn Arizona o c c u r r e d  
dur ing the Laramide o rog eny along northwe stward trends and that late r C enozoic 
o rog enie s had subparallel trends . The trend of the folding , the direction of move
ment, and the probable ag e s  of the rocks involved in the W ate rman Mountains con
form to W ilson' s hypothe s i s .  L .  A .  Heindl o f  the Geolog ic al Survey (per s onal c om
munic ation, 1 9 57 )  reports that r emnants of Pal eozoic lime s tone south of the Wate r 
man Mountain s l i e  a s  klippe o n  T e rtiary( ? )  intrusive rock s .  The ag e o f  defo rmation 
in the Wate rman Mountains i s  tentatively c on s ide r e d  to be po st-C retac eous( ? ) ,  and 
po s sibly a s  late a s  middle T e rtiary. 

STRATIGRAPHY 

The entir e  s equenc e of P aleozoic rocks known in south- c entral Arizona l ies  in 
apparent c onfo rmity in the W ate rman Mountains .  Evidenc e o f  e r o s ional inte rvals 
between pe riods of depo s ition i s  not marke d, exc ept fo r the r e d  pebbly mudstone 
laye r between the Mi s si s s ippian E sc abro s a  lime stone and the Pennsylvanian Hor
quill a lim e s tone. T he Paleozoic s e c tion in  the Wate rman Mountains i s  shown dia
g r ammatically in its r elation ship to Paleozoic s e c tions to the east  and we s t  in figur e  
9 .  

The older rock fo rmations of the rang e are  confined to the we stern part of the 
c entral portion, and prog r e s s ively young e r  beds  c rop out ea stwar d  and northwar d, 
with a few r ep etitions due to fault di splac ement s .  

C ambr ian Sy stem 

T roy Quartzite 

The T roy quartzite of Middl e  C ambrian age c rops out in the we stern part of the 
Wate rman Mountains . The T roy quartzite appear s  to lie on the g r eenish g ranite of 
P re c ambrian( ? )  ag e ,  but the c ontac t  i s  obscured by faulting whe r ev e r  the w r ite r ob 
s e rv e d  it ( McClyrnonds,  1 6) .  The T roy quartzite forms r e ddish-brown vertical o r  
sloping cliffs and i s  e a silyre c ognizable by its prominenc e and stratig raphic pos ition. 

The fo rmation i s  normally c all e d  the T roy quartzite in s outhe rn Arizona whe r e  
the s edimentary rocks of the Apache g roup unde rlie  the C ambrian quartzite ; whe r e  
the Apache g roup i s  mi s sing and the P inal schist o r  a P r e c ambrian g r anite unde rli e s  
the quartzite the term " B ol s a  quartzite" i s  u s ed.  The write r,  in working in south
c entral Arizona, ha s found no r e a son to de s ignate the C ambrian quartzite by two 
terms,  implying diff e rent strata, and thus c a r rie s the term " T roy" from the Vekol 
and Slate Mountains ,  wher e  the Apache g roup i s  p r e s ent, to the Wate rman Mountains 
area .  

T he T roy quartzite i s  made up of  s ilt- to  g ranul e - sized poorly so rte d, sub rounded, 
clear to milky quartz g rain s ,  firmly c emente d by s ilica.  Iron s tain, in the form of 
l imonite and small p s eudomorphs afte r pyr ite,  p roduc e s  the r e ddish-br own c olor .  
The weathe r e d  surfac e o f  the quartzite i s  white to brown, glas sy, and c haracte r i s 
tically c oated with black de s e rt varnish. The lowe r 20 feet of the T roy c ontains a 
larg e c onc entration of g ranul e - to medium pebble - siz e d  qua rtz particle s ;  no frag 
ment s of the unde rlying g ranite w e r e  r ecogni z e d  within the bas al unit. Much of the 
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formation ha s small- s c ale,  low- angle c r o s sbedding with co sets  up to 4 feet thick. 

The fo rmation is about 220 feet thick in the c entral and southwe ste rn parts of 
the Wate rman s .  Ruff ( 19 5 1 } reported 9 5  to 1 8 5  fe et of the T roy at the northwe st end 
of the rang e .  The thinning of the formation toward the no rthwe s t  indic ated by the s e  
measurements may b e  stratig raphi c ,  o r  may b e  only apparent a s  a r e sult of faulting . 
No fo s sil s w e r e  found in the T roy quartzite of the Wate rman Mountains ,  and the fo r 
mation wa s i dentified b y  its stratig r aphic po s ition and lithologic c ha racte r .  

Ab r ig o  F ormation 

The Abrigo fo rmation c rop s out in its no rmal stratig raphic po s ition in the we st
e rn part  of the Watermans , and in the c entral part of the rang e it i s  r ep eated thr e e  
time s i n  fault slive r s .  The Abrigo fo rmation everywhe r e  appea r s  to ove rl ie the T roy 
quartzite c onfo rmably; it form s a slop e - cliff- slope topog raphy r eflecting its thr e e  
m emb e r s .  

The strata between the T roy quartzite and the Martin fo rmation c an b e  c o r r elated 
with othe r s e c tions of the Middle and Upp e r  C ambrian in s outhe rn Arizona in only a 
broad s en s e ,  exc ept for the po s sibl e c o r r elation with the Southe rn B elle quartzite of 
the Santa C atalina Mountains ( Stoyanow, 1 9 3 6 ) . B ec au s e  of the variation of lithology 
from a r e a  to area, the s e  s e diment s are all g r oupe d  he r e  into the Abrigo fo rmation, 
much like the o r ig inal de s c ription of the Abrigo by Rans ome ( 1 9 04) . 

The Abrigo fo rmation of the W ate rman Mountains i s  divided into thre e  di stinct 
membe r s  which may be trac e d  throughout the area  of outc rop .  T he lower memb e r  
i s  c ompo s e d  mostly o f  s iltstone and mudstone ,  with s eve ral thin s andstone beds . 
T he mudstone i s  olive to b rownish g r ay, micaceous,  and s ilty, and the interbedded 
s ilts tone i s  browni sh and g r e enis h  g ray. Some of the s andstone beds are partly 
quartziti c .  The lowe r memb e r  i s  slightly c alca r eous thr oughout, becoming more 
c alcareous  toward the top. T hi s  memb e r  is  2 7 5  to 332 fe et thick. I 

One 3 0 - foot s andstone unit in the lowe r memb e r ,  c ompo s e d  of two s andstone , 
beds  s epar ated by silty mudstone , o c c ur s about 1 80 feet above the b a s e .  T hi s  unit 
i s  tentatively c o r r elated with the Southe rn B elle quartzite ( Stoyanow, 1 9 3 6) , and the 
unde rlying beds may c o r r elate with the Santa C atalina formation ( Stoyanow, 1 9 3 6) 
in P eppe r s auc e C anyon in the Santa C atalina Mountain s .  The middle and uppe r  
m embe r s  o f  the Abrigo fo rmation in the W ate rman Mountains have n o  litholog ic 
e quivalents at P eppe r sauc e C anyon. 

The middle memb e r  of the Abrig o fo rmation lie s  c oniormably, but with a sharp 
c ontact,  on the lower memb e r .  Thi s memb e r  is c ompo s e d  of dark-g ray lime s tone 
with small b r own muddy lime s tone pockets and, near the top, g r e en shale parting s .  
T he beds  are  1 to 1 5  fe et thick and the middle po rtion form s a cliff, wher e a s  the 
uppe r  and lowe r portions of the middle memb e r  form a s e rie s of ledg e s .  The mid
dle memb e r  r ang e s  in thickne s s  from 2 39 to 2 7 6  feet. 

Ove rlying the middle lime stone memb e r  is  the uppe r  membe r  of the Abrigo for 
mation, c o mpo s ed of clay s tone and lime stone. The clay s ton e i s  olive g r ay to g re en, 
mic a c e ou s ,  and silty, in beds  ranging from 3 to 1 0  feet in thic kne s s .  Inte rbedded 
with the clays tone beds are 1 - to 2 - foot- thick beds  of flat-pebble lime s tone c onglom
e rate and s ilty lim e s tone. An uppe r  unit, about 5 0  feet thick, c on s i s t s  of a light
g r ay s ilty, marl-like mate rial containi.ng two p rominent light-brown- weathering 
beds  of r e s i stant s ilty dolomite . The uppe r  memb e r  i s  1 1 0 to 1 7 1 feet thick. 

7 0  

I 

I 

I 

I 

[ 

[ 

I 

I 

[ 

I 

I 

I 

l 
I 
[ 



[ 

[ 

I 

[ 

[ 

[ 

l 

( 

[ 

l 

[ 

[ 

[ 

T he total thickne s s  of the Abrigo formation in the Wate rman Mountains r ang e s  
from 6 8 7  to 7 1 8 fe et. Individual member s vary in thickne s s ,  but no c on s i stent thick
ening or thinning of the formation wa s r e c ogni z e d  within the r ang e .  

Ru££ ( 1 9 5 1 )  found s eve r al indi stinct trilobite s  about 4 5  fe et above the ba s e  o f  the 
uppe r  memb e r  in the no rthwe stern part of the rang e ,  but els ewher e  only worm- bur 
r ow c a sts and c onc retions we r e  found. Although the ag e of the Abr ig o  fo rmation c an
not be a s c ertained in thi s area, the Abrig o or its e quivalent ha s b een de s c rib e d  as  
Middle and Upp e r  C ambrian ( Stoyanow, 1 9 3 6 ) . 

Devonian Sys tem 

Martin Fo rmation 

The Martin fo rmation ove rlie s the uppe r  memb e r  of the Abrigo formation with 
appar ently p e rfect confo rmity. Although the time lap s e  betwe en the depo s ition of 
the Abrigo and Martin r epr e s ents the Ordovician, Silurian, and early part of the 
Devonian p e r io d s ,  the c ontac t  betwe en the two fo rmations appears  to be almo st 
g radational. The area  of outc rop of the Martin formation i s  the sam e  a s  that of the 
Ab rig o .  The Martin i s  3 64 to 3 8 5  feet thick, and although individual units a r e  not 
everywher e  p r e s ent, marke r beds indicate no important thickening o r  thinning within 
the Wate rman rang e . 

T he lower unit of the Martin formation i s  a.bout 240 feet thick and i s  c ompo s e d  
of interbedded r e s i s tant and nonre s i stant layer s  o f  g ray, g rayish- r e d, and b rowni sh
g ray finely c rystalline s ilty dolomite, with a few beds  of sandstone and s ilty lim e 
s tone. Thi s unit ha s no di stinct fo s s il s .  A middle unit, about 1 0 0  fe et thi ck, i s  
l ithologically s imilar t o  the lowe r unit but c ontains s eve ral beds with spirife rid and 
rhynchonellid brachiopods and, at the bas e ,  Cladopora sp. and Aulopora sp.  

The uppe r  unit is  up to 42 feet thick and is compo s e d  of medium- to light-g ray 
finely c rystalline dolomitic lim e stone which weathe r s  yeJ lowi sh b rown. The uppe r  
unit wa s oonside r e d  b y  Ruff ( 1 9 5 1 )  to b e  basal E s c ab ro s a  lim e s tone, but i t  i s  he r e  
plac ed i n  the Devonian becau s e ,  in the ab s enc e o f  fo s s il s ,  the dolomitic natu r e  o f  
the unit make s i t  m o r e  s imilar to the Martin than to the E s c ab r o s a, which i s  a r ath
e r  pur e  lime stone. F urthe rmo re,  in the southwe ste rn part of the rang e ,  the c on
tact between thi s unit and the E sc abro s a  lime s tone is an undulating surfac e having 
a r elief of about 4 feet. 

Spirife r o r e ste s ,  T entico spirife r cyrtiniformi s ,  and othe r spirife rid b rachio
pods found about 60 fe et above the base  of the middle unit ( about 3 0 0  feet above the 
b a s e  of the fo rmation) r e strict  the uppe r  po rtion of the Martin formation to Late D e 
vonia.n ag e .  The a s s emblag e o f  fo s s il s i s  s imilar to that de s c r ibed b y  Stoyanow 
( 1 9 36) in the P eppe r sauc e C anyon s ection. 

Mi s s i s s ippian Sys tem 

E s c abro s a  Lim e s tone 

The Mi s si s s ippian E sc ab r o s a  lime stone overlie s the Devonian Martin fo rma
tion with appa rent c onfo rmity, although an e r o s ional surfac e is develope d  locally 
a s  mentioned above .  T hroughout the rang e ,  the E s c abro s a  fo rms a steep cliff, 
most  p rominently exp r e s  s e d  a s  the c apping ridg e s  in the c entral and we ste rn par t s  
of the rang e .  
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At the b a s e  of the E s c abro s a  lime s tone i s  an 8 5- foot unit of g ray to pinkish aph
anitic to finely c ry stalline fairly mas sive lime stone.  Within thi s 8 5 -foot unit a r e  
two zone s o f  nodular c he rt and a 2 - foot-thick sandstone bed, r e sp ectively 40 , 5 0 ,  
and 6 5  feet above the bas e .  Ove rlying the mas sive b e d s  i s  2 5  fe et o f  thin-bedded, 
c olor banded, aphanitic limestone which c ommonly forms a notch or shelf in the E s 
c ab r o s a  cliff. A s e c ond g ray lime stone unit lie s above the s e  le s s - re si stant b e d s .  
T his  unit, which i s  a s  much a s  1 1 0 fe et thi ck, c ontains s eve ral typ e s  o f  horn c o rals ,  
including Syring opo ra sp. and Michelinia sp. , and b r ac hiopo d and g as tropod outline s .  
The uppe rmo st unit of the E sc ab r o s a  i s  light-g ray o r  pink, medium to finely c ry s tal 
l ine lime s tone that c ontain s a few ho rn c or al s  in the lowe r beds  and abundant c r i 
noid s tern s in the upp e r  part. T he upp e rmo s t  unit i s  40 feet thick i n  the c entral part 
of the W ate rman s and thickens to 5 5  feet toward the no rthwe st .  

The total thickne s s  of  the E sc ab r o s a  lime s tone rang e s  from 2 28 to  282  feet.  
Much of thi s diffe renc e  appear s to be due to e ro s ion of the uppe rmo s t  unit prior to 
the dep o sition of the young e r  depo s it s ,  but some w e s tward thickening al so i s  indi
c ate d. 

Pennsylvanian Sys tem 

Ho rquilla Lime s tone 

The Ho rquilla liIn e s tone lie s  on the E s c ab r o s a  lim e s tone unc onfo rmably, hav
ing a 7 - to 20-foot bas al c onglome rate made up of red and g ray che rt nodule s in a 
r e d  mudstone matrix.  The Hor quilla lim e s tone c rop s out widely thr oughout the W a 
te rman Mountains and usually fo rm s s teplike o r  dip slope s .  In the c entral part of 
the Wate rman Mountains a s ection of 4 8 8  feet of the Horquilla wa s mea sured,  and 
Ruff ( l 9 5 1 ) r eported 6 7 1 feet of the Naco formation (Horquilla lime s tone of thi s r e 
port) in the northwe s te rn part of the rang e .  The diffe r enc e s  in thic kne s s  probably 
r e sulte d from e ithe r r epetition o r  cutting out due to faulting . 

The Hor quilla lim e s tone i s  c ompo s ed of alte rnating beds  of lim e s tone, s ilty 
lime ston e ,  and s iltstone. T hi s  alte rnation sug g e s t s  e ithe r  o s c illation of the s ea s ,  
o r  cliInatic chang e s  o r  o rogenic movement i n  the sourc e a r ea s .  The lime stone i s  
l ight to medium g r ay, is  aphanitic to finely c rystalline , and usually weather s light 
g ray. The s ilty lime s tone i s  browni sh g ray and weathe r s  light b rown to g r ayish 
o rang e ;  some beds  appear c onglome ratic ,  with string e r s  of s ilty lime s tone envel
oping c obbl e - s i z e d  nodul e s of l e s s  s ilty lime s tone. The s iltstone is brownish g ray 
to l ight r e d, weathe r s  light to dark b rown, and is usually c alcar e ous . The beds  
a r e  commonly 8 to  3 0  feet  thick, but some are  1 to  2 fe et thick. 

Although a few beds have abundant fo s s il s, fo s sil s are not c ommon in the Ho r 
quilla lime stone. C haetete s milliporac eou s ,  the type fo s sil of the Hor quilla in 
southe rn Arizona, occur s in two ho rizons ,  about 1 60 and 4 1 0 feet above the ba s e  of 
the fo rmation. Syring opo ra sp. wa s found only near the ba s e ,  and othe r c o rals 
we re identified in the inte rval from 1 1 5 to 1 60 fe et above the bas e .  Fusulinids a r e  
c ommon in the lowe r 1 1 8 feet o f  the fo rmation, and o strac ods  occur i n  a few b e d s  
i n  the lowe r 1 8 2  fe et. C rinoid sterns are  c ommon, but s c atte r ed, throughout. B r ach
iopods are u sually broken into fragments or are r ep r e s ented only by outline s ,  but 
one bed, 280 feet above the bas e ,  c ontains Dictyoclotu s  sp. , Neo spirifer sp. , Rhi
pidomella sp. , and rhynchonellid b rachiopod s .  This  b e d  al s o  c ontains pelecypod-
and c rinoid s tern s up to thr ee - quarte r s  of an inch in diam ete r .  
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P ennsylvanian and Pe rmian System s 

E a rp Formation 

The unit s lying between the Ho r quilla and Scher r e r  formations in the Tomb s tone 
Hill s ,  6 5  mil e s  southea st of Tuc son, we r e  de s c r ibed by G illuly and othe r s  ( 1 9 54 )  a s  
the E arp fo rmation, C olina lim e stone, and Epitaph dolomite . In the Empire Moun
tain s ,  30 mil e s  southea st of Tuc son, D. L. B ryant ( 1 9 5 5)  found that the thr e e  forma
tions w e r e  not di stingui shabl e ,  and applied to the s equenc e the name Andrada forma
tion, p reviou sly u s e d  by W il s on ( 1 9 5 1 ) .  F a rthe r  we st, in the Wate rman Mountains ,  
the units are  quite s imilar to the Andrada formation; howeve r ,  he r e  ther e  a r e  two 
di stinc tly s eparable memb e r s ,  which are  likely c o r r elate d with the E arp formation 
and C olina lime s tone of the T omb s tone Hill s s e c tion. Thus ,  although the Wate rman 
Mountains s ection i s  not strictly lithologically s imilar to the E a rp formation of the 
T omb stone Hill s area, it i s  here con s ide r e d  equivalent - - r ep r e s enting, at mo st,  a 
fac i e s  c hang e .  The C olina lime s tone i s  directly c o r r elated with the Tomb s tone H ill s 
s ection. The Epitaph dolomite i s  not r e cogniz ed in the Wate rman Mountains ,  but 
ther e  i s  a po s sib ility that the upp e r  dolomite units in the C olina may be partly e quiv
alent to the Epitaph. 

T he E arp formation c rop s out ac ro s s  the middle of the c entral part of the Wa
te rman Mountains in a nearly north- s outh band and is  c ompo s ed of 8 9 3 feet of  s hale 
and s iltstone inte rbedded with lime s tone and dolomite . The c ontact  between the E a rp 
and Horquilla formations i s  everywhe r e  eithe r cove r e d  o r  faulted. The two fo rma
tion s  appear to be c onformable at many lo c aliti e s ,  and along one road cut,  although 
the contact  its elf was not expo s ed, it app e a r s  to be marked by a r e d  shale and lim e 
s tone unit. 

T wo beds of lime stone - cobble conglome rate , 1 8 7  and 2 0 0  feet above the b a s e ,  
a r e  exc ellent marke r b e d s  within the lowe r membe r .  Ove rlying the s e  b e d s  a r e  two 
m a s s ive g rayi sh- r e d  to g reen c alcareous s iltstone units  about 1 60 and 1 6 5  fe et thick, 
s ep ar ated by thin laye r s  of inte rbedded s ilts tone and dolomite . The g ray to dark
g ray dolomite is finely c rystalline , c ontains only a little s ilt and s c atte r e d  c he rt 
nodul e s ,  and weathe r s  to a characte r i stic j ag g e d  surfa c e .  The upp e rmo s t  pa rt of 
the low e r  memb e r  contains 24 6 feet of interbedded s ilts tone, dolomite,  and lim e 
s tone i n  lay e r s  up to 20 fe et thick, although individual c arbonate beds  a r e  r a rely 
m o r e  than 2 feet thick. 

The P ennsylvanian - P ermian time boundary was plac e d  near the b a s e  of the 
E a rp fo rmation by Gilluly, C oope r ,  and William s ( 1 9 54)  and B ryant ( 1 9 5 5) in the 
Gunni s on Hill s and T omb s tone Hill s of s outhea stern Arizona. Fusulinid s  and bry
o zoa were the diagno s tic fo s sil s in the plac ement of the boundary. In the Wate rman 
Mountains no fu sul inids we r e  identified in the E arp s e c tion; the refo r e ,  the P ennsyl 
vanian-Pe rmian boundary i s  only a s sumed to b e  near the ba s e  of the fo rmation. 

P e rmian Sys tem 

C olina Lim e s tone 

The C olina lime stone c rops out from s outheast to no rthwe st a c ro s s  the c entral 
part of the W ate rman Mountain s and i s  pinched out by faulting at the e a st end of the 
northwe stern part of the r ang e .  T he lime stone r e sts  c onformably o n  the E a rp for 
m ation. 

7 3  



T he C olina i s  about 2 0 0  feet thick and i s  c ompo s e d  of dark-g r ay ve ry finely 
c ry s talline fo s s ilife rou s lim e s tone with a few 1 0 - to 2 0 - foot- thick beds of dolomite 
at the top . Exc ept for a thin-bedded unit at the ba s e ,  the lowe r 1 1 5 feet of the fo r 
mation i s  ma s s ive and forms a cliff. The upp e r  part o f  the fo rmation i s  bedde d. 
One 2 0 - foot unit, 80 feet above the b a s e ,  contain s scatte r e d  c he rt nodul e s ,  and c al 
c ite and quartz ble b s  occur in c e rtain b e d s  throughout the memb e r. N e a r  the top 
the upp e r  part of the fo rmation contains s ilt and weathe r s  more readily than the un
de rlying units .  

Abundant fo s s il s were  found in the C ol ina lime stone. Me ekella sp.  i s  r e stricted 
to a zone about 10  feet above the ba s e  of the uppe r  memb e r ,  but els ewhe r e  the r e  are 
b rachiopod s ,  including Dictyoclotu s  sp. , C ompo sita sp.  , and Phricodothyri s{  ? )  s p .  ; 
g a s tropods ,  including Worthenia sp. , Glabroc ingulum sp. , Amphis capha sp. , euom
phalid s ,  belle rophonti d s ,  and trochoid and tur reted typ e s ;  and straight nautiloid c e 
phalopods , small p el ec ypo d s ,  tabulate c o ral s ,  echinoid spine s ,  c rinoid stem s ,  and 
b ryozoan s .  

Sche r r e r  F o rmation 

The Sche r r e r  formation c rop s out in the c entral pa rt of the Wate rman Moun
tains and in the ridg e s  immediately south of the rang e .  Whe r e  the c ontact with the 
unde rlying C ol ina lim e s tone has not b e en cut out by faulting , the Sche r r e r  ove rlie s  
the C olina c onfo rmably. In the W ate rman Mountains ,  the Sche r r e r  fo rmation i s  di
vided into four units .  

The lowe st unit o f  the Sche r r e r  formation i s  compo s e d  o f  r e d  limy banded silt
s tone followed by g r e eni sh- to yellowish g r ay partly c r o s sbedded s andy s iltstone and 
s andstone interbe dded with yellowish-weathe r ing g r ay dolomite and l ime s tone . The 
lowe s t  unit is 89 feet thick. 

The s ec ond unit is a mas s ive light - r e d  to yellow and white fine - g r aine d s and
stone with mode r ately well - s o rted poorly r ounded quartz g r ains ,  and is 204 feet 
thick. The lowe r part of the s e c ond unit weathe r s  to r e ddi sh b rown and fo rms cliffs ; 
the upp e r  part, whic h  i s  c alc areou s  and c ontains a few beds of dolomitic lim e stone , 
for m s  slop e s .  

The third unit i s  c ompo s e d  o f  thin-be dded g ray to dark-g ray finely c rystalline 
s ilty dolomite that weather s  light olive g ray to g ray and i s  39 feet  thick. C alc ite 
bleb s ,  sc atte r e d  throughout the unit, may be r e c rystallized fo s sil r emain s .  Spin e s  
o f  P e rmo cida r i s ,  typical o f  thi s unit east  o f  the Wate rman Mountains ,  were  not found 
her e .  

The upp e r  unit has a 7 2 -foot- thick b e d  of g rayi sh- o rang e to o rang e -yellow fin e 
t o  medium-g r aine d slightly c alcareou s  c ro s  sbedded s andstone a t  the ba s e  and 1 8  feet 
of thin-bedded dark - g ray finely c rystalline s ilty and c alcareou s  dolomite at the top .  

Although the Sche r r e r  ha s a total thic kne s s  of  4 22 fe et in  the Waterman Moun
tain s ,  it appea r s e quivalent, unit by unit, to the 6 8 7 -foot type s ection in the Gunni
s on Hill s ,  55 mil e s  e a st of Tuc son ( G illuly and other s ,  1 9 54 ,  p .  29 ) .  Gilluly and 
othe r s  ( 1 9 54) plac e the top of the Sche r r e r  at the top of a s e quenc e of s andstone b e d s .  
T h e  1 8  fe et o f  dolomitic b e d s  a t  the top o f  the upp e rmo st membe r o f  the Sche r re r  
formation in the Wate rman Mountains a r e  included in the Sche r r e r  becau se the s e  
dolomitic beds  a r e  s imilar to the dolomitic b e d s  in the third unit and contr a st with 
the lime s tone c ompo sition of the ove rlying C oncha. 
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C oncha Limestone 

The C oncha l ime s tone c rops out in the easte rn and southe rn parts of the W ate r 
man Mountains and c onfo rmably overlie s  the Sche r re r  fo rmation. The s ec tion of 
the C oncha in the Wate rmans if 5 1 0  feet thick. 

The C oncha lim e s tone i s  dark g r ay, is finely c rystalline, and rang e s  from ma s 
s ive in the lowe r part to thickly b e dded in the uppe r  part. F o s s il s  and chert nodule s 
a r e  numerous throughout the s e c tion and are  abundant in s ome zone s .  A lower zone 
of chert, 50 feet above the bas e , is 60  feet thick and i s  compo s e d  of c onnected nod
ule s  which make up about 60 pe rc ent of the unit. Othe r chert zone s a r e  thinner and 
c ontain 20 to 40 perc ent of che rt nodul e s .  One 14 -foot unit, 24 6 feet above the ba s e  
o f  the fo rmation, c ontain s  tan- and light-brown-weathe ring c he rt nodul e s  and for m s  
a di s tinct marke r b e d, a s  i t  do e s  i n  many localiti e s  t o  the ea st.  

Remains of fo s s il b rachiopods ,  g a stropods , pelecypods ,  c o ral s ,  b ryozoan s ,  and 
fusulinid s  are  c ommon. Dictyoclo s tus bas s i, D. o c cidental i s ,  rhync honellid b rach
iopod s ,  bellerophontid g astropods ,  c rinoid stem s ,  echinoid spine s and plate s ,  and 
b ryozoa occur throughout the C oncha. F ene strellina sp. and trepo s tome bryozoa 
w e r e  found only in the lowe r part of the formation; Neo spi r ifer sp. , Buxtonia sp. , 
D e rbya sp. , Me ekella sp. , and fu sulinids in the middle part;  and C ompo sita sp . , 
Diela sma sp . , small b rachiopods,  tur reted g as tropods ,  and Malonophyllum sp . and 
othe r horn c or al s  in the uppe r  thi r d. Marginife r a  sp. , Amphisc apha sp. , and 
Aviculope c ten sp.  we r e  identifie d  only in the uppe rmo st 6 5  feet of the C oncha lim e 
s tone. 

Lime s tone and Dolomite of Permian Ag e 

Thinner bedde d partly dolomitic lime s tone and dolomite beds  lie c onfo rmably 
above the C oncha lime s tone in the Mus tang Mountains ,  whic h  a r e  4 5  mil e s  s outhea st 
of T uc son. The unit was r e c ogni z e d  and mapped by B ryant ( 1 9 5 5) . T he lime s tone 
and dolomite c rop out in the e a ste rn part of the Wate rman Mountains and ove rlie 
the C oncha lirne s tone with no appare nt break in depo sition. Although the uppe r  c on
tact of the s e  P ermian rocks is eve rywher e  e ithe r e roded or faulted, the unit i s  3 2 1  
feet thic k  in the W aterman s ,  one of the thicke s t  s ections in s outhe rn Arizona. 

The unit is c ompo s e d  of interbedded lime stone and dolomite.  The lim e s tone i s  
mainly dark g ray, aphanitic to finely c rystalline ,  and partly dolomitic , weathering 
light g ray to light olive g r ay. The dolomite i s  dark g ray, aphanitic ,  and u sually 
c al c a r e ou s ,  weathe r ing to a lighte r g ray than the lime s tone and to a rough o r  j ag g e d  
surfac e .  Small che rt nodule s a r e  s c atte r e d  throughout the unit, and larg e r  nodul e s  
make u p  about one - half o f  a n  8 - foot b e d  about 1 1 5  feet above the ba s e .  C alc ite and 
quartz bleb s a r e  more c ommon in the dolomite o r  dolomitic b e d s .  

Dictyocl o s tu s  sp. , Rhipidomella sp. , C ompo sita sp. , spirife rid brachiopod s ,  
A startella s p .  , Amphi s c apha s p .  , tur r eted gastropod s ,  s c aphopods , echinoid spine s ,  
and b ryozoan s  occur n e a r  the bas e  o f  the unit. Dictyoclo s tu s  b a s s i, D .  o c cidentali s ,  
p roductid spine s ,  Marginife ra s p .  , Avonia sp. , C ompo s ita sp. , PhrlCOdothyri s sp . , 
spiriferid and rhynchonellid brachiopods, unidentifie d  pelecypods ,  Euphemite s sp.  , 
Amphis capha sp. , s eve ral typ e s  of tur r eted g astropod s ,  ho rn c or al s ,  echinoid spin e s  
and plate s ,  c rinoid stem s ,  and s eve r al g enera o f  B ryozoa wer e  found in the chert 
zone 1 1 5 fe et from the ba s e .  Mo s t  of  the uppe r  part of  the unit has few fo s sil s o r  
fo s s il f ragment s .  
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C r etac eous( ? }  Sy stem 

More than 1,  600 feet of cla stic s edimentary rocks c on s i sting of shale,  a rko s e ,  
sandstone , and pebble c onglomerate c rop out along the lowe r slope s o n  the no rth 
s ide of the c entral part of the r ang e .  In part, the s e  cla stic rocks supe rfi cially r e 
s emble the C retac eous Amole a rko s e  o f  B rown ( 1 9 39 )  in the Tuc son Mountains and 
a r e  tentatively cons ide r e d  on the b a s i s  of the lithologic s imilarity to be of C retac eou s  
age .  N o  fo s sil s we r e  found to substantiate thi s de signation. Similar depo s its  and, 
in a ddition, purple vol c anic c onglome rate s c rop out on the southern slop e s  of the 
Wate rman Mountains and al so  a r e  tentatively a s s igned a C retac eous ag e ,  although 
they may be  young e r. 
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