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Introduction 
 
T his map de picts the  be drock and surficial ge ology of the  Oatm an quadrangle  in the  Black M ountains and M ohave  
Valle y, M ohave  County, Arizona. T he  ge ologic mapping is original but was inform e d by pre vious mapping in the  
low e r Colorado R ive r Valle y. T his ge ologic map comple m e nts pre vious AZG S  mapping in this are a, including the  
Davis Dam S E  (DG M -45, Pe arthre e  and House , 2005), Boundary Cone  (DG M -54, S pe nce r e t al., 2007), and 
M ount N utt (DG M -118, Fe rguson and Cook, 2016) quadrangle s, and a ge ologic strip map (DG M -65, Pe arthre e  e t 
al., 2009) that cove re d the  w e ste rn part of the  Oatman quadrangle . T his ge ologic mapping was funde d by the  
U S G S  N ational Coope rative  G e ologic M apping Program unde r coope rative  agre e m e nt numbe r G 15AC00519 
(awarde d for fe de ral fiscal ye ar 2015).  
 
Be drock ge ology is dominate d by the  S ilve r Cre e k calde ra, source  volcano of the  e arly M ioce ne  Pe ach S pring T uff 
(Young and Bre nnan, 1974), and post-calde ra plutonic rocks that intrude  the  calde ra’s e aste rn margin.  T he  
calde ra is de fine d by outcrops of the  intracalde ra ignimbrite  (T ps) which contains num e rous, large  e xpanse s of 
lithic bre ccia (T psb, T psg, T psd) de rive d from the  w e st-facing wall of the  calde ra. Pre -calde ra rocks consist of 
Prote rozoic granitic base m e nt (YXg) ove rlain by a thick pile  of dacitic lavas (T d) that include s a northw e st-
southe ast tre nding grabe n fille d with a distinctive , dark, dacitic lava calle d the  “Oatm an Ande site ” (T o). T he se  rocks 
host many of the  e pithe rmal, low-sulfidation, quartz-calcite -adularia gold ve ins in the  Oatman mining district (Clifton 
e t al., 1980; De W itt e t al., 1991), which has produce d ove r 2 million ounce s of gold, and ove r 1 million ounce s of 
silve r since  1863 (Ke ith e t al., 1983) – making it Arizona’s large st gold district. M any fe ature s of the  S ilve r Cre e k 
calde ra, including its gre at thickne ss of intracalde ra trachytic ignimbrite , and many of the  m e gabre ccia le nse s 
containe d within it whe re  docum e nte d by T horson (1971), but large ly be cause  the  calde ra is de e ply e rode d with no 
pre se rve d rim, and be cause  the  rhyolitic outflow she e t of the  Pe ach S pring T uff is abse nt from the  imm e diate  
vicinity of the  calde ra, the  calde ra was not re cognize d as the  source  of the  Pe ach S pring T uff until re ce ntly 
(Fe rguson e t al., 2013). Post-calde ra volcanic rocks form the  cre st of the  Black M ountains along the  e aste rn e dge  
of this map are a, and the  Pe ach S pring T uff’s outflow can be  found at the  base  of this se que nce  a fe w kilom e te rs to 
the  south (S pe nce r e t al., 2007), e ast (Fe rguson and Cook, 2016), and north (M urphy e t al., 2004) of this map are a. 
 
S urficial de posits in the  w e ste rn portion of the  map re cord the  late  M ioce ne  and younge r ge ologic history of this 
re gion. Alluvial fan de posits dating to the  late st M ioce ne  are  disconformably ove rlain locally by lim e stone , trave rtine  
or tufa, calcare ous sandstone  and carbonate -ce m e nte d local grave l of the  Bouse  Formation. T his unit re pre se nts a 

dramatic de parture  from alluvial fan se dim e ntation and hillslope  e rosion and de position and re cords the  re lative ly 
brie f but de e p inundation of M ohave  Valle y som e tim e  afte r 5.6 M a (House  e t al., 2008; Pe arthre e  and House , 
2014). T he  highe st Bouse  outcrops found anywhe re  are  e xpose d ne ar the  mouth of S ilve r Cre e k valle y (M e tze r 
and L oe ltz, 1973; Pe arthre e  and House , 2014), with be dde d lim e stone  or marl, sandstone  and local grave l found 
up to 555 m asl, and a thin be d of calcare ous sandstone  be tw e e n local fan grave l de posit found as high as 560 m 
asl. Bouse  de posits are  unconformably ove rlain by more  local fan de posits. S mall outcrops of trave rtine /tufa 
de posits of the  Bouse  Formation have  be e n found at num e rous localitie s along the  be drock mountain front, whe re  
the y e ncrust or are  drape d ove r pale ohillslope  de posits or be drock outcrops. Farthe r downslope  to the  w e st of the  
quadrangle  boundary, the  fan de posits that ove rlie  the  Bouse  Formation inte rfinge r with de posits of Bullhe ad 
Alluvium, a major phase  of rive r aggradation in the  e arly Plioce ne  (House  e t al., 2008). T he  e arly to middle  
Plioce ne  T uff of Artists Drive  has be e n found in the se  de posits at a numbe r of localitie s, including in the  map are a. 
M ultiple  inse t alluvial fans and te rrace s re cord subse que nt pe riods of pie dmont aggradation and incision through 
the  late  Plioce ne  and Q uate rnary. S om e  of the se  proce sse s w e re  like ly drive n by change s in base  le ve l due  to rive r 
aggradation and incision. 
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Piedmont Alluvium

Late Miocene to Middle Pliocene Basin Deposits - L ocal grave l, fine -graine d Colorado R ive r de posits, and ash-fall de posits

Miocene and older bedrock units - Be drock units consist of a M ioce ne  (20-10 M a) volcanic fie ld and its associate d plutonic rocks 
ove rlying and intruding granitic and gne issic crystalline  base m e nt. 

Sand and gravel deposits associated with active channels of tributary washes - Ve ry poorly sorte d sand, pe bble s,
cobble s, boulde rs and minor silt de posits in active  channe ls, bars, and low ove rbank are as along tributary washe s.
G rave l clasts consist of mixe d, locally-de rive d volcanic rocks. T opography is smooth to undulating, with coarse  grave l
bars and sandy channe ls. S oil de ve lopm e nt is minim al.

Qy3

Deposits in bars, low terraces, and active alluvial fans - Ve ry poorly sorte d sand, pe bble , cobble , boulde r, and silt
de posits in small stre am channe ls, low te rrace s, and active  or re ce ntly alluvial fans. T opography typically undulate s
be tw e e n channe ls, te rrace s, and grave l bars. N o de se rt pave m e nt or soil de ve lopm e nt.

Qy2

Deposits on low terraces and inactive alluvial fans - Ve ry poorly sorte d sand, pe bble , cobble , boulde r, and silt de posits in
grave l bars, low te rrace s, and inactive  alluvial fans. S urface s are  typically are  undulating, with coarse  grave l bars and
re lict channe ls. Channe ls are  cove re d by ope n to mode rate ly close ly packe d fine  grave l lags, grave l bars are  w e akly to
mode rate ly varnishe d. S oil de ve lopm e nt is w e ak, with som e  carbonate  accumulations.

Qy1

Young debris flow deposits - Boulde ry ve ry poorly sorte d, angular to subangular de posits associate d with small, re lative ly
ste e p w ate rshe ds. De posits typically form late ral, curviline ar le ve e s along active  drainage s, or more  amorphous snouts.
R ock varnish on grave l is w e ak to strong, indicative  of a range  of age s of de position.

Qyd

Young channel and terrace deposits, undivided - S and and grave l de posits associate d with active  tributary wash syste ms,
including channe ls, bars and low te rrace s. T his unit is applie d primarily to small tributarie s whe re  diffe re ntiating Holoce ne
de posits by age  is not practical.

Qy

Young intermediate alluvial fan and terrace deposits - Ve ry poorly sorte d grave l and sand de posits in low inte rm e diate
te rrace s and re lict alluvial fans, typically 1-3m above  active  w ashe s. M ode rate  to dark brown and light orange  rock
varnish, mode rate  de se rt pave m e nt de ve lopm e nt whe re  re lative ly fine  grave l. Bar and swale  topography is obvious but
slightly subdue d. Ve ry slight soil re dde ning, visible  carbonate  accum ulations.

Qi4

Young intermediate alluvial fan and terrace deposits - Poorly sorte d mixture s of silt, sand, pe bble s, cobble s and boulde rs
on re lict alluvial fans and  te rrace s. S urface  topography varie s from ge ntly undulating re lict bars and swale s to quite
smooth. S oil de ve lopm e nt is w e ak but de se rt pave m e nt de ve lopm e nt is mode rate  to strong, with re lative ly smooth
surface s and brown to dark brown rock varnish.

Qi3

Intermediate alluvial fan deposits - R e lict alluvial fan and mode rate ly high te rrace  de posits consisting of poorly sorte d
sand, pe bble s, cobble s, and boulde rs, with minor silt and clay. S oil de ve lopm e nt is mode rate , with som e  soil re dde ning
and w e ak clay accum ulation and obvious carbonate  accum ulation. R ock varnish is dark brown to black; de se rt pave m e nt
de ve lopm e nt is variable , with tight, darkly varnishe d patche s on w e ll-pre se rve d, smooth surface s.

Qi2

Intermediate piedmont alluvium - Undivide d Ple istoce ne  alluvial fan and te rrace  de posits, ge ne rally including Q i2, Q i3,
and Q i4 de posits.Qi

Oldest intermediate alluvial fan deposits - M ode rate ly to de e ply e rode d re lict alluvial fan de posits consisting of poorly
sorte d sand, pe bble s, cobble s, and boulde rs, with minor silt and clay. S oil de ve lopm e nt and pave m e nt de ve lopm e nt
variable  de pe nding on local surface  pre se rvation, w ith stage  III-IV calcic horizons associate d with w e ll-pre se rve d
surface s.

Qi1

Old alluvial fan deposits - High, disse cte d re lict alluvial fan de posits consisting of poorly sorte d sand, pe bble s, cobble s,
and boulde rs, with minor silt.  S oil de ve lopm e nt typically is variable , with mode rate ly ce m e nte d pe trocalcic horizon
de ve lopm e nt (stage  IV) on w e ll-pre se rve d surface s.

Qo

Very old alluvial fan deposits - High, de e ply disse cte d re lict alluvial fan de posits, consisting of poorly sorte d cobble s,
sand, pe bble s, and boulde rs, with minor silt.  S oil de ve lopm e nt is strong, consisting of strongly ce m e nte d pe trocalcic
horizons at or ne ar the  surface . Ce m e nte d carbonate  fragm e nts re worke d from unde rlying pe trocalcic horizons are  ve ry
common on Q T a surface s. 

QTa

Tuff of Artists Drive - Ash-fall tuff found in small pocke ts in locally de rive d grave l (T fb2), but also found in association w ith
high le ve ls of Colorado R ive r grave l and sand in adjace nt are as.  G e oche m ically corre late d with the  Tuff of Artists Drive in
the  De ath Valle y re gion, date d at 3.6-4.2 M a.

Tta

Local fan gravel, post-Bouse Formation - Poorly sorte d, w e akly to mode rate ly lithifie d conglom e rate  and sandstone
e xpose d in the  middle  and low e r portions of high, e rode d ridge s. Clasts consist large ly of subangular to angular locally
de rive d T e rtiary volcanic rocks. De posits ove rlie  Bouse  de posits in S ilve r Cre e k e xposure s, and probably are  in part
coe val with de position of Bullhe ad Alluvium close r to the  valle y axis. 

Tfb2

Bouse Formation basal carbonate - Basal carbonate  de posits of the  Bouse  Formation, including marl, calcare ous
sandstone , and minor  trave rtine  (tufa), De posits unconformably ove rlie  alluvial fan de posits (unit T fb1), but locally are
include  local grave l le nse s or are  inte rbe dde d with local grave l be ds. Commonly unconformably ove rlain by younge r
grave l (unit T fb2). 

Tbc

Bouse Formation travertine/tufa - T rave rtine  or tufa de posits or e ncrustations, with algal and microbial forms, som e
he misphe rical shape s, and massive , le ss structure d carbonate  drape s of pre -Bouse  landforms.T rave rtufa e ncruste d
be drock pale ohillslope s, and is commonly found along the  inte rface  be tw e e n be drock and som e what younge r fan grave l
(unit T fb2). Pale ohillslope s range  from ge ntle  to mode rate ly ste e p. Color of trave rtufa range s from light to dark gray. T his
unit varie s from a fe w cm thick up to 1 m thick. 

Tbct

Pre-Bouse alluvial-fan deposits - Ve ry old tributary-fan, de posits e xpose d in a fe w localitie s along the  mountain front and
ove r be drock pe dim e nts farthe r into the  mountains. Poorly to ve ry poorly sorte d, mode rate ly lithifie d, ge ne rally
unde form e d, locally-de rive d conglom e rate  and sandstone . Clasts consist large ly of subangular to angular volcanic rocks.
De position ge ne rally pre -date s Bouse  de position, but in som e  are as farthe r into the  mountains this re lationship is le ss
cle ar. L ocally Bouse  inundation re sulte d in re working of the se  de posits into the  basal Bouse  grave l. 

Tfb1

Basaltic lava - M afic lava and dike s containg 0-10% <3mm iddingsite  (afte r olivine ?)  phe nocrysts in a fine ly crystalline
matrix with sparse  <2mm plagioclase  phe nocrysts.  Tbu

Quartz porphyritic rhyolitic dikes - R hyolitic, quartz-phyric dike s containing 1-15%, 1-7mm quartz phe nocrysts ge ne rally
sube qual or subordinate  to 2-30%, 1-12mm fe ldpsar and 0-3% 1-4mm mafics, mostly biotite , but also hornble nde  and
le sse r pyroxe ne .  M any dike s are  composite , ge ne rally with more  mafic, darke r matrix phase s that commonly form the
w alls of the  main dike .  In most case s, the  darke r, appare ntly more  mafic phase  also contains quartz phe nocrysts.

Tq

Feldspar porphyritic mafic dikes - Dark, mafic mine ral (biotite -hornble nde -pyroxe ne )-rich crystalline  matrix, 5-15%,
<10mm fe ldspar porphyritic dike s that intrude  the  M oss monzonite  and monzodiorite  (T m, T mp).Tm

Feldspar porphyritic dikes - Feldspar porphyritic dikes containing 1-30% 1-15mm fe ldspar (k-fe ldspar and plagioclase )
with <1-5% <5mm mafics, mostly biotite  > hornble nd +/- pyroxe ne , and little  or no quartz.  T ypically, the se  dike s have
gre e nish, fine - to me dium-graine d matrix.  T he  dike s are  similar to and may be  corre lative  to the  S ilve r Cre e k porphyry
(T sp).

Tk

Sandstone and conglomerate - G e ne rally thick-be dde d, volcaniclastic conglom e rate  and sandstone  containing clasts of
inte rm e diate  and fe lsic volcanic rocks.  T he  strata ove rlie  a thick succe ssion of nonw e lde d tuff at S itgre ave 's Pass and
drape  ove r ste e ply north-facing buttre ss unconformitie s in the  sam e  are a that ove rlap northe ast-side  dow n faults.

Ts

Nonwelded tuff - N onw e lde d, ge ne rally phe nocryst-poor fe lsic tuff, typically m e dium- to thick-be dde d.  T he  unit is
associate d w ith num e rous fe lsic lava units and is locally inte rbe dde d with minor volcaniclastic se dim e ntary rocks.  A gre at
thickne ss of this unit at S itgre ave 's Pass is the  S itgre ave 's Pass of R ansom e  (1923).  T he  unit, as mappe d, is not a
stratigraphic marke r since  it include s se ve ral othe r inte rvals of tuff at low e r and highe r stratigraphic le ve ls.

Ttu

Altered porphyry (hypabyssal) - S trongly argillic alte re d porphyry whose  original lithology (T im e s granite , M oss
monzonite , or dacitic / inte rm e diate  lava) is unknown.  T he  unit is thought to be  mostly intrusive  in origin with re lative ly
coarse -graine d matrix and a lack of re mnant bre ccia te xture . T he  porphyry south of M ossback Canyon is probably mostly
le ucogranitic.

Tap

Rhyolite porphyry - Hypabyssal rhyolite  containing up to 15% 2-10mm fe lspar (sanidine  and plagioclase ), 3-7% 1-4mm,
typically e m baye d quartz phe nocrysts, and 1-2% <2mm mafics, mostly  biotite .  T he  rock is typically strongly argillic
alte re d and the  mafic phe nocryst site s are  commonly alte re d be yond re cognition.  T his porphyry can be  diffe re ntiate d
from the  T im e s le ucogranite  porphyry by its ubiquitous and conspicuous phe nocrysts of quartz.

Tri

Rhyolitic lava - Rhyolitic lava containing 5-20%, 1-12mm phe nocrysts of fe ldspar (plagioclase  and sanidine ), 5-10%,
<6mm quartz, and <2%, <3mm biotite .  Corre late s w ith the  Cottonwood R hyolite  of R ansom e  (1923).Tr

Trachytic lava of Flag Spring - Phe nocryst-poor, light-gray matrix lava containing 3-10%, <4mm fe lspar (mostly
plagioclase ), and <2% <3mm biotite  and sparse , <4mm hornble nde . N am e d for e xposure s at Flag S pring in the
e aste rly adjace nt M t N utt map are a (R ansom e , 1923).  In most are as, this lava occurs as a 20-50m thick flow dominate d
by cohe re nt facie s, massive , cliff-forming lava, but in the  northe ast corne r of the  map are a, a large  ve nt comple x is
pre se nt consisting of at le ast 200m of clast-supporte d lava bre ccia.

Tfs

Lower rhyolite lava - R hyolitic lava containing 5-10% 1-10mm  fe ldspar,1-3% <4mm  quartz, and<<1% <1mm 
biotite  and hornble nde  phe nocrysts.  Corre late s loose ly with the  M e adow Cre e k T rachyte  of R ansom e  (1923).Trl

dacitic intrusions - Dike s and irre gular stocks of dacitic porphyry containing 10-20% 2-10mm plagioclase , 1-2% &lt;3mm
mafics of biotite , and hornble nde  w ith sparse  pyroxe ne .  N um e rous dike s of this unit occur in the  cliffs e ast of Oatman,
and a large  stock of the  unit is intrude d by the  E le phant's T ooth stock. In som e  are as, the  intrusions m e rge  upward into
flows of the  G old R oad dacite  (T gr).

Tgi

Gold Road dacitic lavas - Dacitic lavas containing 15-35% 2-15mm fe ldpsar (mostly plagioclase ), 1-4mm bitote , and +/-
hornble nde  and pyroxe ne .  T he  lavas ove rlie  the  the  Black E agle  or W hiske y S pring lava se que nce s and are  thought to
post-date  e ruption of the  Pe ach S pring T uff.  T he  nam e  G old R oad is inhe rite d from the  G old R oad L atite  of R ansom e
(1923).  

Tgr

Moss monzodiorite - M e dium- to coarse -graine d monzodiorite  porphyry containing 15-25% mafics of biotite , hornble nde
and pyroxe ne .  T he  monzodiorite  occurs as a small body in the  core  of the  M oss porphyry of R ansom e  (1923), that
appe ars to intrude  the  M oss monzonite  porphyry.

Tmd

Silver Creek Porphyry - Porphyry containing up to 60% phe nocrysts of K-fe ldspar (up to 2cm) and plagioclase  (up to
8mm), commonly rimm e d w ith K-fe ldspar in a fine -graine d phane ritic matrix with 1-5% <3mm mafics, mostly biotite . T he
porphyry occurs as stocks and dike s along S ilve r Cre e k, and to a le sse r de gre e  along T im e s G ulch. An intrusion bre ccia
(T horson, 1971) of the  porphyry constitute s most of the  northe rnmost outcop of this unit in S ilve r Cre e k.

Tsp

Times leucogranite - T he  T im e s porphyry of R ansom e  (1923) is a fine - to me dium-graine d le ucogranite , locally with
fe ldspar phe nocrysts up to 8mm.  M atrix is commoly granophyric, and quartz, although abundant in the  matrix is rare ly
pre se nt as phe nocrysts.  S parse  biotite  and / or hornble nde  is also pre se nt.  T he  T im e s occurs mostly as an irre gular
shape d pluton that intrude s the  southe aste rn part of the  S ilve r Cre e k calde ra. Dike s of Times leucogranite are  found in
many are as; in the  northe rn part of the  calde ra, dike s appe ar to cut bodie s of M oss monzonite  porphyry, and in the  south,
across the  be drock mouth of T im e s G ulch, a 10-50m wide  dike  cuts across all olde r units and can be  trace d for se ve ral
km to the  south whe re  it pre fe re ntially intrude s, locally as a ge ntly e ast-dipping dike , along the  base m e nt-T e rtiary volcanic
contact.  R ansom e  (1923) inte rpre te d the  T im e s to post-date  the  M oss and T horson (1971) conside re d the T im e s to be
olde r than the  M oss.  T he re  is cle ar e vide nce  of inte rmingling of the  two porphyrie s on the  north slope  of Hardy M ountain
(T tm) and in othe r are as, T he  issue  is confuse d by the  pre se nce  of many dike s that intrude  both porphyrie s that may or
may not be  akin to e ithe r porphyry.  L e ucogranite  porphyry dike s cle arly intrude  the  M oss porphyry, but monzodiorite
porphyry dike s also cle arly intrude  le ucogranite  dike s.   

Ttp

Black Eagle Mine lava sequence - A se que nce  of alte rnating pyroxe ne -dominant (ande sitic), and biotite -dominant (dacitic), 
mode rate ly plagioclase  phe nocryst-rich lavas that ove rlie  the  Oatm an Ande site .  G e oche m ically, the  rocks are  probably no more  
ande sitic than the  Oatm an Andsite , but since  so many of the  flows have  be e n re fe rre d to as ande site  for so long, the  misnom e r is 
re taine d. Flows of this unit ranging in thickne ss from <10m to <50m occur along the  w e ste rn e dge  of the  map are a; the ir base  is
 de fine d as the  base  of the  olde st biotite -dominant lava, and the  top as the  top of the  younge st pyroxe ne -dominant flow.  T he  lavas 
are  dominate d by massive , cliff-forming cohe re nt facie s and contain 15-25% <8mm plagioclase  along w ith 1-3% mafics, typically <4mm.  

Disturbed ground - M ine  dumps, mine  tailings, pipe line s, roads, and othe r man-made  de posits.d

Colluvium and talus, undivided - Coarse , ve ry poorly sorte d, w e e akly be dde d, locally de rive d hillslope  de posits. Primarily
colluvium, but locally include s coarse , fram e work grave l talus de positsQtc

Gneiss - Paragne iss, locally compositionally bande d, containing 15-40% biotite  and fine - to m e dium-graine d orthogne iss
containing le ss than 15% biotiteYXgn

Granite - M e dium to coarse -graine d, locally K-fe ldspar porphyritic, granite  containing up to 15% biotite .  T he  granite
locally include s undiffe re ntiate d e nclave s of gne issic rock.   YXg

Lower conglomerate - S andstone , conglom e rate , bre ccia, siltstone , mudstone , and minor tuff.  Dark w e athe ring and
strongly indurate d se dim e ntary rocks e ithe r dire ctly ove rlie  granitic base m e nt or occur inte rbe dde d with dacitic lavas of
the  dacite  of Alcyone  M ine .  T he  strata are  pe rvasive ly propylitically alte re d and dominate d by clasts of granitic, and
inte rm e diate  composition volcanic rocks.  T he  granitic clasts are  mostly phane ritic and probably de rive d from the
unde rlying base m e nt, but also include  sparse , fine ly crystalline -matrix porphyritic plutonic rock clasts of probable
L aram ide  (80-50M a) age . S parse  pyroclastic strata are  dacitic in composition, with fe ldspar and biotite  phe nocrysts. Be d
thckne sse s te nd to incre ase  with maxim um grain size . T hick-be dde d, sub-angular to sub-rounde d clast conglom e rate  and
bre ccia be ds are  mostly clast-supporte d and massive , whe re as sandstone -siltstone -m udstone  se que nce s are  thin- to
m e dium-be dde d, with cross-stratification, and ripple  lamination comon se dim e ntary structure s.  Channe l and cut- fill
fe ature s are  not common.  Inste ad, planar contacts be tw e e n ne arly all be ds imply rapid de postion, and grade d sandstone
be ds cappe d by ripple  laminate d zone s and/or thin siltstone  units sugge st turbidite  style  lacustrine  se dim e ntation. T he
rocks occur in two are as: the  be drock mouth of T im e s G ulch, and the  conflue nce  of S ile r Cre e k with G rape vine  and
M ossback canyons.  T he  rocks in T im e s G ulch w e re  re fe re d to as the  M urdock Bre ccia by L ause n (1931) who place d
the m at the  base  of the  volcanic pile .  T horson (1971) inpte rpre te d the  sam e  rocks along with the  de e ply w e athe re d
granitic rocks the y ove rlie  in T im e s G ulch as intracalde ra bre ccia.  W e  agre e  with L ause n (1931) and inte rpre t the  strata
as the  basal T e rtiary supracrustal unit in the  are a, and place  a calde ra margin in this are a just north of the  gulch.

Tso

Lower basalt - Basaltic lava, and possibly, locally, hypabyssal intrusions containing 1-10%, <0.5mm pyroxe ne
phe nocrysts in de nse , fine ly crystalline  matrix.  T he  basalt is inte rbe dde d with dacitic lava ne ar the  base  of the  dacite  of
Alcyone  M ine  (T d) along the  southe rn e dge  of the  map are a,

Tbl

Dacitic volcanic rocks of Alcyone Mine - Dacitic lava and minor ignim brite  containing 15-35% phe nocrysts, mostly
plagioclase  (2-15mm), with up to 5% 1-4mm biotite , and <1% hornble nde  and/or pyroxe ne  up to 5mm.  Cohe re nt facie s
lava dominate s in re sistant e xposure s while  inchore nt facie s (autobre ccia) typically crop out in swale s and re ce ssive
are as.  Intre be ds of similar composition pyroclastic rocks and minor dacitic volcaniclastic rocks are  also pre se nt. S om e  of
the  pyroclastic rocks are  w e lde d (or have  compacte d pumice  lapilli) and are  ve ry similar to pyroclastic rocks in the
ove rlying unit of Coope r R anch (T cr).  Promine nt pe aks in at le ast two are as re pre se nt probable  hypabyssal intrusions
that grade  outw ard into lava (the  2681' pe ak southw e st of L e land Butte , and the  2523' pe ak in the  N /4 of se ction 30,
R 20W , T 19N ).  T he  unit is nam e d for the  Alcyone  M ine  about 2 mile s south of Oatm an, and the  place  nam e  is inhe rite d
from R ansom e  (1923) who re cognize d an "Alcyone  T rachyte " as the  olde st major volcanic unit in the  are a.  T he  unit
ove rlie s and is inte rbe dde d with the  low e r conglom e rate  (T so), and the  low e r basalt (T bl), and is ove rlain, som e what
graditionally, by the  unit of Coppe r R anch (T cr).  T he  unit corre late s broadly w ith a se rie s of sub-E spe ranza T rachyte
dacitic lavas in the  southe rly adjace nt Boundary Cone  map are a re fe rre d to as the  uppe r and low e r dacite s of Cook M ine ,
and the  dacite s of Alcyone  M ine  (S pe nce r e t al., 2006).

Td

Dacitic intrusions of Alcyone Mine - M assive , and flow-foliate d, fine ly crystalline  matrix porphyry containing 15-30%
fe ldspar (mostly plagioclase ) and 1-3% strongly he matite  alte re d <3mm mafics.  Body in N W /4 of se ction 20 ne ar
L e land Butte  and two othe r bodie s in the  N E /4 of se ction 30 are  inte rpre te d as a dacitic dom e s. Dike s and irre gular
stock-like  bodie s in se ction 24 are  probable  fe e de rs to flows and or dom e s in that are a.

Tdi

Unit of Cooper Ranch - S ubaque ous ignim brite  and te phra de posits, sandstone , siltstone , mudstone , marl, and
carbonate .  T he  signature  lithology of this unit is thin-be dde d to laminate d, dark gray, commonly fe tid, micritic and/or
re crystallize d carbonate  (lim e stone  and dolostone )  that is locally magne site -be aring.  T he  carbonate  make s up le ss than
5% of the  unit and occurs in se que nce s up to 5m thick, but typically <1m.  S om e  carbonate s se rve  as marke r be ds that
can be  trace d for up to 1km, but mostly it occurs sproadically throughout the  unit.  Commonly, the  top of the  unit is
de fine d by at le ast one  major carbonate  be d.  S andstone  and siltstone  units are  typically only a fe w m e te rs thick, but can
be  quite  thick (10-15m), as are  massive  marls also up to 15m thick.  S ubaque ous, plagioclase -biotite  phe nocryst-rich
ignim brite s1-30m thick, e ithe r w e lde d or with stongly compacte d, dark gre e n pumice  lapill are  common, e spe cially in the
low e r half of the  unit.  T he  ignim brite s are  commonly faintly inte rnally thin-be dde d to laminate d (typical of subaque ous
de position), and som e  of the  thinne r strata might be  fallout te phra.  T he  unit gradationally ove rlie s the  dacite  of Alcyone
M ine  (T d), and is sharply ove rlain by dark, pyroxe ne -dominant dacitic lavas of the  Oatm an Ande site  (T o).

Tcr

Esperanza Trachyte - Cliff-forming, mostly massive -cohe re nt facie s, phe nocryst-poor trachyte  lava containing <5%
<3mm fe ldspar (mostly plagioclase ), and up to 1% <2mm biotite .  T he  lava is pre se nt only south of the  W hite  Chie f
M ine  fault whe re  it ove rlie s the  dacitic rocks of Alcyone  M ine  (T d) and is ove rlain by the  W rigle y M ine  basaltic
trachyande site  (T w). T he  unit was mappe d as the  unit of W rigle y M ine  (S pe nce r, 2006) in the  southe rly adjace nt
Boundary Cone  map are a. T he  nam e , Esperanza Trachyte, is inhe rite d from R ansom e  (1923).

Te

Oatman Andesite - Dark, plagioclase  phe nocryst-rich lava with mafic phe nocrysts dominante d by clinopyroxe ne . T he
nam e  is inhe rite d from local te rminology pre dating its assignm e nt by R ansom e  (1923) for the  dark, ande sitic appe aring
lavas that stratigraphically ove rlie  the  dacite  of Alcyone  M ine , and host much of the  gold mine ralization in and around the
town of Oatm an. T he  nam e  "ande site " is re taine d e ve n though its ave rage  composition is dacitic (T horson, 1971).  T he
lavas contain 10-20% phe nocrysts of <8mm plagioclase  with 1-3%, <4mm mafics that are  dominate d by dark gre e n
pyoxe ne .  Plagioclase  te nds to be  strongly lath-shape d and e uhe dral. T race  to sparse  biotite  <2mm occurs in som e  of
the  flow s, but is always subordinate  to dark gre e n pyroxe ne .  T he  matrix is typically dark gray and flows are  dominate d by
cohe re nt facie s, massive  cliffy outcrops.  L arge  raft-like  e nclave s up to se ve ral hundre d m e te rs wide  of subaque ous
ignim brite , sandstone , marl, and carbonate  de rive d from the  unde rlying unit of Coope r R anch (T cr), are  fairly common
within the  Oatman Andesite.  T he  Oatman Andesite, de spite  be ing mappe d ove r a fairly broad are a of the  Oatm an district
on som e  maps (T horson, 1971), is, se nsu stricto, confine d to a 6-10 km wide , southe ast-northw e st tre nding grabe n
ce nte re d on Oatm an.  T he  unit is not pre se nt south of the  W hite  Chie f M ine  fault or north of the  S ilve r Cre e k fault zone .  

To

Intrusive Oatman Andesite - Hypabyssal dike s and stock-like  masse s of dark gray, fine ly crystalline  matrix Oatm an
Ande site  containing 10-20% phe nocrysts of <8mm plagioclase  w ith 1-3%, <4mm mafics that are  dominate d by dark
gre e n pyoxe ne .  Plagioclase  te nds to be  strongly lath-shape d and e uhe dral. Biotite  <2mm is rare  to abse nt and is
alw ays subordinate  to pyroxe ne .  E longate  (<200m) thin (<30m) raft-like  e nclave s of the  unit of Coope r R anch (T cr)
carbonate  are  pre se nt in som e  are as.

Toi

lavas of Whiskey Spring - A se que nce  of alte rnating dacitic lavas containing 10-20% 2-12mm plagioclase  phe nocrysts
and 1-2% <3mm mafics dominate d e ithe r by biotite  (dacitic) or pyroxe ne  (ande sitic).  T he  flows range  in thickne ss
be tw e e n 5m and 40m and are  too thin and comple xly inte rbe dde d to map indivdually at 1:24,000 scale . In ge ne ral, the
biotite  dominant (dacitic) lavas are  more  abundant, and the  plagioclase  phe nocrysts te nd to be  rimm e d e ithe r with
k-fe ldspar, or albitic plagioclase .  

Tws

Black Eagle dacite - Dacitic lavas in the  Black E agle  se ue nce  containing biotie  > pyroxe ne  mafic phe nocrysts.  Ted

Black Eagle andesite - Ande sitic lavas in the  Black E agle  se que nce  containing pyoxe ne  > biotite  mafic phe nocrysts.Tea

Wrigley Mine Andesite - Dark matrix, commonly ve sicular, basaltic trachyande sitic lava (S pe nce r e t al, 2006)
containing 5-10% <4mm black (ortho) and dark gre e n (clino) pyroxe ne  phe nocrysts that are   more  abundant than
3-10% <5mm plagioclase  phe nocrysts.  T he  lava is nam e d for a conspicous se que nce  of mafic lavas at the  W rigle y
M ine  about 7km south of Oatm an which ove rlie  the  E spe ranza T rachyte .  In the  Oatm an are a, flows of truly ande sitic
composition are  rare , and are  only known to occur at or ne ar the  top of the  Black E agle  M ine  se que nce .  T o the  south
of the  W hite  Che if M ine  fault, the  unit dire ctly ove rlie s the  E spe ranza T rachyte  and is fairly thick (up to 150m).  T o the
north of the  W hite  Chie f M ine  fault, the  unit caps the  Black E agle  succe ssion in the  e aste rly adjace nt M t N utt map
are a.  N orth of the  S ilve r Cre e k fault zone , a thin flow of the  unit is pre se nt just to the  south of G rape vine  Canyon
ne ar W hiske y S pring and anothe r one  ne ar the  base  of the  ste e p w e st-facging ridge  in the  northe ast corne r of the
map are a.  T he  lava is known to dire ctly unde rlie  the  outflow she e t of the  Pe ach S pring T uff in the  southe rly adjace nt
Boundary Cone  map are a (S pe nce r e t al, 2006), and in the  northe rly adjace nt Union Pass quadrangle  dire ctly
unde rlie s a re gional unconformity corre sponding to a hiatus that is thought to re pre se nt re gional uplift and e rosion
just prior to formation of the  S ilve r Cre e k calde ra, and e ruption of the  Pe ach S pring T uff.

Tw

Dacitic megabreccia - Dacitic  m e gabre ccia w ithin the  Pe ach S pring T uff consist of ne arly 100% dacitic lava with little
or no ash-flow tuff matrix.  T he  dacite  is plagioclase -phe nocryst-rich (15-30%) with maific phe nocrysts dominate d by
biotite  sugge sting that the  main source  is the  dacite  of Alcyone  M ine  (T d).  Pyroxe ne -dominant phe nocryst dacite
similar to the  Oatm an Ande site  (T o) are  also pre se nt.  Ash-flow tuff matrix is ge ne raly pre se nt only along the  e dge s of
the  m e gabre ccias. T he  bre ccias occur as tabular bodie s inte rle ave d with de nse ly w e lde d Pe ach S pring T uff or othe r
m e gabre ccia.  Ve ry large  masse s of dacitic lava mappe d as dacitic m e gabre ccia north of S ilve r Cre e k have  no
obvious e xpose d base  and might be  substrate  of the  dacitic rocks of Alcyone  M ine  )T d) unde rlying intracalde ra Pe ach
S pring T uff.

Tpsd

Granitic megabreccia - Granitic megabreccias w ithin the  Pe ach S pring T uff are  compose d of ne arly 100%
coarse -graine d granite  with le sse r gne iss boulde rs, cobble s, and pe bble s within dark gre e n non-volcanic matrix. 
Ash-flow tuff matrix is ge ne ralyy pre se nt only along the  e dge s of the  m e gabre ccias.  T he  bre ccias occur as tabular
bodie s inte rle ave d with de nse ly w e lde d Pe ach S pring T uff and othe r type s of m e gabre ccia.  Contacts be tw e e n som e
granite  m e gabre ccia and dacite  m e gabre ccia bodie s may re pre se nt intact contacts be tw e e n granite  base m e nt and
the  dacite  of Alcyone  M ine  pre se rve d in ve ry large  blocks floating w ithin the  Pe ach S pring T uff.  

Tpsg

Lithic breccia - Clast-supporte d and matrix-supporte d m e sobre ccia (clasts <1m) and me gabre ccia (clasts >1m)
within Pe ach S pring T uff. T he  bre ccias contain be tw e e n 15% to ne arly 100% lithic clasts, and have  ash-flow tuff
matrix similar to the  e ncassing de nse ly w e lde d Pe ach S pring T uff. L lithic blocks are  good matche s to volcanic units
found (mostly but not always) in the  wall of the  S ilve r Cre e k calde ra: granite  and gne iss (YXg, YXgn), dacitic lava (T o,
T d), trachyte  lava (T e ), and volcaniclastic conglom e rate , sandstone ,  bre ccia, and carbonate  (T cr).  W he re  lithic
blocks are  in e xce ss of 50 m e te rs, the  blocks are  typicallly mappe d as e nclave s within the  ignim brite .  M any of the se
bre ccias have  sharp, distinct contacts with the  e ncassing, lithic-poor, de nse ly w e lde d Pe ach S pring T uff. and othe r,
monolithic, clast-supporte d m e gabre ccias. 

Tpsb

Peach Springs Tuff - De nse ly w e lde d ignim brite  containing >25% and <35% phe nocrysts of<6mm K-fe ldspar,
<3mm plagioclase , and <1%, 1-3mm biotite , with trace  sphe ne , hornble nde , and pyroxe ne . Pumice  lapillii, difficult to
ide ntify due  to inte nse , high-te mpe rature  re crystallization of the  matrix in most are as, are  up 30cm and make  up 5-25% of
the  ignim brite .  Pumic lapilli are  be st pre se rve d dire ctly adjace nt to m e gabre ccia clasts whe re  rapid chilling of the  matrix
appare ntly be tte r pre se rve s the ir te xture .  L ithic lapilli of inte rm e diate  volcanics, porprhyry, and granite  up to 10cm
ge ne rally constitute  <5% of the  rock.  L ithic swarms of m e sobre ccia and me gabre ccia with >15% lithics are  mappe d
se parate ly (T spb, T spd, T spg).  T he  ignimbrite  is pe rvasive ly w e akly alte re d, and its fe ldspar phe nocrysts, with K-fe ldspar
typically at le ast tw ice  as abundant as plagioclase , are  cloudy or chalky in most are as, but along the  w e ste rn e dge  of the
range  north of T im e s G ulch, cle ar sanidine  (K-fe ldspar) phe nocrysts are  pre se nt (R ansom e , 1923), that have  yie lde d an
Ar/Ar date  of 18.80 +/- 0.07 M a (Fe rguson e t al., 2013).  Outflow Pe ach S pring T uff (with an ave rage  age  of 18.78 +/-
0.02 M a (ibid.) is not pre se nt in this map are a.  T he  Pe ach S pring T uff's stratigraphic position, base d on ge ochronology of
younge r and olde r strata, and phyiscal stratigraphic constraints, is thought to occur at the  top of the  W hiske y S pring /
Black E agle  M ine  volcanic se que nce s (T ws, T e a), and be low the  G old R oad and/or low e r rhyolite  lava units (T gr, T rl). 
S ince  the  intracalde ra ignim brite  is compositionally a trachyte , and not a rhyolite  as the  Pe ach S pring T uff is throughout
most of its outflow she e t, the  two ignim brite s w e re  pre viously conside re d to be  diffe re nt units large ly be cause  Pe ach
S pring T uff was thought to be  unzone d compositionally base d on its known outcrops whe n it was de fine d (Young and
Bre nnan, 1974).  M ore  re ce nt mapping ide ntifie d a phe nocryst-rich uppe r trachyte  zone  capping the  proximal rhyolite
outflow she e t (Fe rguson e t al., 2013), which is a ne ar pe rfe ct match, ge oche m ically, pe trologically, and mine ralogically to
the  intracalde ra trachyte  of this map are a (Pam ucku e t al., 2013).

Tps

Moss monzonite - M e dium-graine d monzonitic porphyry containing 7-15% mafics of biotite , +/- hornble nde  and pyroxe ne .
N am e d the  M oss porphyry by R ansom e  (1923).Tmz

Hybrid Times-Moss - Zone s of comple xle y inte rmingle d T im e s le ucogranite  and M oss monzonite  in which it is not cle ar
which phase  is olde r.  Conflicting re lationships are  pre se nt in ne arly all outcrops of this unit whose  contacts with the  main
parts of the T im e s le ucogranite  and the  M oss monzonite  are  gradational.

Ttm
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