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Map Unit Descriptions

Quaternary Piedmont Deposits

Pliocene and Quaternary Colorado River-Sourced Deposits

Late Miocene and Pliocene Tributary Deposits

Tilted volcanic and sedimentary rocks

Phenocryst-rich rhyolite lava - R hyolite  lava containing 15-30% <1cm fe ldspar, ge ne rally with K-fe ldspar large r
than and > plagioclase , and 1-3% >4mm biotite  and/or hornble nde .  T he  lava occurs as a massive  unit forming the
cre st of the  Island R ange , and as a se rie s of re lative ly thin flows inte rbe dde d with the  middle  conglom e rate  (T cm)
along the  e aste rn flank of the  Island R ange  and adjace nt are as e ast of M ohave  W ash.  Ar/Ar sanidine  age s of
23.25 +/- 0.04 (probablity plot) and 23.16 +/- 0.07 (isochron) w e re  obtaine d from a sample  ne ar the  base  of the
middle  Conglom e rate  (T cm).

Trx

Phenocryst-rich rhyolite porphyry - Intrusive  rhyolite  porphyry containing 15-30% <1cm fe ldspar, ge ne rally with
K-fe ldspar large r than and > plagioclase , and 1-3% >4mm biotite  and/or hornble nde .Trp

Rhyodacite lava - R e d to gray lava containing 12-25% <5mm fe lspar phe nocrysts with plagioclase  ge ne rally
more  abundant than sanidine , and 0.5-3% biotite  and/or hornble nde  phe nocrysts <3mm.  An Ar/Ar sanidine  age
of 25.63 +/- 0.09 M a (probablity), and 22.90 +/- 0.23 M a (isochron) was obtaine d from a sample  from the  southe rn
Island R ange .  T he  younge r (isochron) age  is pre fe rre d.

Trd

Phenocryst-poor trachyitc porphyry - T rachytic porphyry stocks and dike s containing <5%, <3mm plagioclase ,
and <<1% <1mm mafics.Ttp

Phenocryst-poor trachyitic lava - T rachytic lava containing <5%, <3mm plagioclase , and <<1% <1mm
mafics.Ttr

Dacitic-trachytic lava - M ode rate ly phe nocryst-rich dacitic - trachytic lava containing 7-15% <8mm fe ldspar
(mostly or e ntire ly plagioclase ), and 1-3% <4mm biotite  and/or hornble nde .Tdr

Disturbed ground  - Are as modifie d by human activity so that original ge ologic characte ristics are  obscure ; rock
products or othe r mining activity.d

Colluvium and talus - U nconsolidate d, ve ry poorly sorte d, angular to subangular cobble , pe bble , sand, silt and clay
de posits de rive d from adjace nt be drock. S lope s are  ge ne rally mode rate  to ste e p, but include  som e  are as of ge ntle
slope s that might be  conside re d re golith. Ge ne rally ve ry thin, but may be  se ve ral m e te rs thick in local are as. M appe d
only whe re  unde rlying be drock is obscure d.

Qtc

Deposits in active channels, low terraces and bars - Grave l, sand and silt de posits locate d along active  tributary
drainage s, including channe ls, grave l bars and low te rrace s, and broade r distributary multi-channe l e xpansion
re ache s. Qy3 de posits are  poorly sorte d and unconsolidate d. Grave l clasts are  not varnishe d unle ss re worke d
from olde r de posits, and soil de ve lopm e nt is minimal. Ve ge tation include s de se rt riparian tre e s including palo
ve rde , ironwood, and me squite .

Qy3

Deposits forming low terraces and active fans - Grave l, sand, and silt de posits forming low te rrace s and small
alluvial fans, and large  islands and pe riphe ral te rrace s along large  active  washe s. S om e  Qy2 de posits comprise
e xte nsive  low re lie f alluvial fans in broad valle y re ache s. De posits are  unconsolidate d to ve ry w e akly consolidate d
se dim e nts, poorly sorte d with sub-rounde d to angular pe bble  to cobble  bars on the  surface  and be ds and le nse s in
cross se ction. T e rrace  surface s may be  partly cove re d by thin mantle s of silt and clay - re ce nt flood de posits. S oil
de ve lopm e nt is minimal. Ve ge tation include s de se rt riparian tre e s and shrubs.

Qy2

Deposits forming low terraces and young relict alluvial fans - Grave l, sand, silt and clay de posits forming young but
ge ne rally inactive  alluvial fans and te rrace s. Qy1 de posits are  compose d of silt to pe bble s in swale s, and lightly to
mode rate ly varnishe d pe bble s to small boulde rs in bars. De posits form slightly e le vate d surface s as islands or
marginal te rrace s more  active  parts of the  drainage  syste ms. Locally, Qy1 de posits partially mantle  adjace nt
Ple istoce ne  de posits. Ve ge tation include s sparse , re lative ly small de se rt riparian tre e s, shrubs including cre osote ,
and cacti.  

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 wate rshe ds. De posits typically form late ral, curviline ar le ve e s along active  drainage s, or more
amorphous snouts and boulde r pile s. R ock varnish on grave l is w e ak to mode rate , indicative  of re lative ly re ce nt
de position.

Qyd

Young alluvial deposits, undifferentiated - Poorly sorte d de posits including pe bble s, cobble s, sand, minor silt and
clay, and locally boulde rs. De posits are  ssociate d with active  washe s, but also include  slightly highe r te rrace s w ith
mode st rock varnish, minimal soil de ve lopm e nt. T his unit is use d primarily for smalle r washe s.

Qy

Eolian and fluvial sand deposits - Late rally e xte nsive  sand de posits, with minor grave l, silt and clay. Include s small,
low dune s. Pe rce nt cove rage  of sand is variable , but typically is >50 pe rce nt, O pe n grave l lags are  common.Qsi

Youngest intermediate alluvial fan and terrace deposits - Grave lly de posits in low te rrace s and re lict alluvial fans.
De posits consist of pe bble s, cobble s, small boulde rs, sand, silt and clay. S urface s are  undulating, with mode rate ly
subdue d grave l bars and swale s. R ock varnish is mode rate ly dark, but typically is le ss strong on topographic lows.
S oil de ve lopm e nt include s ve ry slight re dde ning, visible  carbonate  accum ulations. Ve ge tation is sparse  and
conce ntrate d along slightly incise d small drainage w ays.

Qi4

Intermediate alluvial fan and terrace deposits - Ve ry poorly sorte d de posits including pe bble s, cobble s, boulde rs,
sand, and minor silt and clay, forming late rally e xte nsive  re lict alluvial fans and te rrace s. S urface s are  typically
1-5m above  adjace nt H oloce ne  de posits and vary from ge ntly undulating to ve ry smooth. De se rt pave m e nts are
typically strongly de ve lope d and rock varnish is quite  dark. Locally, multiple  le ve ls of surface s are  groupe d
toge the r, and som e  late st Ple istoce ne  (Q i4) de posits are  include d in this unit. S oil de ve lopm e nt is w e ak to
mode rate , with slight re dde ning, minor clay accum ulation, calcic horizon de ve lopm e nt typically stage  II. Q i3
surface s are  grade d to the  highe st le ve l of late  Ple istoce ne  Che m e hue vi F ormation de posits or younge r inse t rive r
te rrace s.

Qi3

Intermediate alluvial fan and terrace deposits, younger subdivision - Low e r, younge r subse t of re lative ly smooth,
darkly varnishe d te rrace  and alluvial fan de posits. In adjace nt are as, the se  surface s are  grade d to low e r le ve ls of
the  Colorado R ive r that post-date  maxim um Che m e hue vi aggradation.

Qi3b

Intermediate alluvial fan and terrace deposits, older subdivision - H ighe r, olde r subse t of darkly varnishe d, smooth
alluvial fan and te rrace  de posits. In adjace nt are as, the se  de posits are  approximate ly grade d to the  highe st le ve l of
aggradation of the  Che m e hue vi F ormation.

Qi3a

Intermediate alluvial fan and terrace deposits - U ndivide d de posits with mode rate ly to darkly varnishe d surface s,
variable  pave m e nts, primarily include s de posits e quivale nt to Q i3 and Q i4, but may include  som e  Q i2 de posits.Qi

Older intermediate alluvial fan and terrace deposits - Poorly sorte d pe bble s, cobble s, sand, som e  boulde rs, and
minor silt and clay associate d with mode rate ly de e ply disse cte d re mnant alluvial fans and te rrace s ~5-20 m above
active  washe s. R ock varnish and pave m e nt de ve lopm e nt is variable , quite  strong on w e ll-pre se rve d surface s and
mode rate  to w e ak on more  e rode d surface s. S oils are  obviously re dde ne d be ne ath pave m e nts, and carbonate
rinds are  mode rate ly thick.Ve ge tation is sparse ; bushe s and small tre e s are  conce ntrate d along small drainage s.

Qi2

Oldest intermediate alluvial fan deposits - Poorly sorte d cobble , pe bble , sand de posits, with minor silt, clay, and
boulde rs. De posits are  found capping mode rate ly high ridge s, and typically are  15 to 25 m above  active  washe s.
Planar surface s are  ge ne rally fairly narrow and margins are  substantially rounde d. De posits typically are  a fe w
m e te rs thick ove r unde rlying fan de posits or Bullhe ad alluvium. S oil de ve lopm e nt range s from strong on
w e ll-pre se rve d surface s to w e ak to mode rate  on e rode d slope s. 

Qi1

Old, very high alluvial fan deposits - Coarse , ve ry poorly sorte d grave l de posits pre se rve d as broad re mnants high
in the  landscape . S urface s are  fairly planar, but surface  margins are  broadly rounde d. De posits are  distinguishe d
from Q i1 de posits by strong pe trocalcic soil de ve lopm e nt. U nde rlying de posits are  poorly e xpose d but are  like ly
Plioce ne  T fg2 fan de posits.

Qo

Bullhead Alluvium - U nconsolidate d to mode rate ly consolidate d quartz-rich sand with le sse r amounts of silt and
clay, and som e  be ds of w e ll-rounde d e xotic grave l and subangular locally-de rive d grave l de posits. T he se  de posits
are  commonly mantle d by locally-de rive d grave l from ove rlying tributary de posits. R ounde d pe bble s and cobble s
are  primarily quartzite , che rt, and othe r re sistant e xotic rock type s. De posits are  inte rbe dde d w ith locally-de rive d
fanglom e rate  unit T fg2 in som e  are as. Corre late d with the  e arly Plioce ne  Bullhe ad F ormation.

Tcb

Older sand, silt, and clay deposits - Pre dominantly m e dium to fine  sand, with le sse r amounts of silt and clay up to
about 10m thick. Inte rbe dde d with locally-source d tributary fan de posits ne ar mountains, but also abuts or is ve ry
close  to basal carbonate  de posits of the  Bouse  F ormation. T his unit may be  a siliciclastic phase  of Bouse
de position (younge r than carbonate  de position), but more  like ly re pre se nts fine -graine d compone nts of Bullhe ad
alluvium on the  basin margins or e olian de posits prior to and during Bullhe ad aggradation.

Tcs

Bouse Formation carbonate deposits - Carbonate -rich de posits including calcare ous sandstone , bioclastic
lim e stone  coquina and hash, thin-be dde d bioclastic-rich marl, and carbonate -ce m e nte d locally-de rive d grave l.
F ound primarily in pale ovalle ys, and is stratigraphically above  and be low trave rtine /tufa de posits. Also include s
minor gre e nish siliciclastic de posits in a fe w localitie s. 

Tbc

Bouse Formation, travertine/tufa - M assive  trave rtine /tufa (trave rtufa) de posits or e ncrustations, commonly
fossilife rous, with algal and microbial forms, in he misphe rical and laminar shape s.T rave rtufa is commonly drape d
ove r substantial pale otopography. Be drock-core d pale oslope s of be drock and coarse , angular colluvium are
commonly impre gnate d with carbonate  and typically unde rlie s the  trave rtufa. Pale oslope s range  from ge ntle  to
mode rate ly ste e p, and rare ly ne ar-ve rtical. S ubstrate  in pale ovalle ys is commonly locally de rive d grave l de posits.
In many are as, the  unde rlying grave l has be e n re worke d by shore line  proce sse s. Color of tufa range s from light to
dark gray w e athe re d. T his unit range s from a fe w cm thick up to 5m thick. T hin trave rtufa be ds are  inte rcalate d
w ith calcare ous sandstone , lim e stone , and local grave l be ds.

Tbct

Bouse Formation, basal gravel - Gray to gre e nish-gray, locally de rive d, subangular to w e ll-rounde d, w e ll-sorte d
pe bble s, cobble s, and boulde rs, with calcare ous sand le nse s at the  base  of the  Bouse  F ormation. T he se
se dim e nts are  re worke d from unde rlying colluvium and fan de posits, which range  from coarse  fanglom e rate
cobble s and pe bble s to sand-dominate d facie s and include  mode rate  to w e ll-sorte d, w e ll-rounde d be ach and
ne arshore  grave l de posits. Be ds from this unit are  ove rlain by, and locally inte rbe dde d with, basal carbonate
laye rs.

Tbg

Younger Conglomerate - Poorly sorte d, w e akly to mode rate ly lithifie d conglom e rate  and sandstone . Clasts consist
large ly of subangular to angular locally de rive d T e rtiary volcanic rocks, granite  and diorite . De position post-date s
Bouse  de position and is ge ne rally coe val with Bullhe ad Alluvium, although de position may post-date  Bullhe ad
aggradation in som e  proximal are as. T his unit thus re pre se nts mostly locally de rive d fan mate rial inte rfinge re d with
minor amounts of Colorado R ive r de rive d se dim e nts.

Tfg2

Older Conglomerate - Poorly to ve ry poorly sorte d, mode rate ly lithifie d, ge ne rally nonde form e d, locally-de rive d
conglom e rate  and sandstone . Clasts consist large ly of subangular to angular volcanic rocks and granite .
De position pre -date s Bouse  de position, and in som e  are as Bouse  inundation may have  re sulte d in re working of
the se  de posits into the  basal Bouse  grave l. 

Tfg1

Upper Conglomerate - M e dium- to thick-be dde d conglom e rate , pe bbly sandstone , and sparse  bre ccia compose d
chie fly of granitic and m e tamorphic clasts.  T he  strata are  ge ne rally w e akly indurate d and ge ntly incline d, typically
le ss than 25 de gre e s. S trata are  truncate d by only the  younge st faults, and ove rlap olde r rocks, including the
M iddle  conglom e rate  (T cm).

Tcu

upper basalt - Basalt lava associate d with the  uppe r conglom e rate  (T cu).Tby

upper intrusive basalt - Intrusive  basalt, mostly in the  form of dike s that intrude  the  ignimbrite  se que nce .Tbyi

Middle Conglomerate - M assive  to thick- be dde d conglom e rate , and bre ccia with sparse  to mode rate ly abundant
m e dium- to thick be ddd pe bbly sandstone .  Clasts are  angular to subangular in the  bre ccia, angular to
sub-rounde d in the  conglom e rate , and sub-angular to rounde d in the  sandstone .  Clasts are  compose d of varying
proportions of granitic and m e tamorphic rocks typical of the  Dome  R ock M ountains, and base m e nt core d parts of
the  T rigo M ountains, and the  dominatly fe lsic volcanic rocks that dire ctly unde rlie  the  map unit along a profound
angular unconformity just northe ast of W e ave r R idge i  . S trata typically dip le ss than 45°, and as low as 20°.  

Tcm

Andesite porphyry - Crystalline  matrix ande site  porphyry with 10-40% <5mm plagioclase , and 2-10% pyroxe ne .Tap

upper andesite (Island Range) - U ppe r ande site  lava inte rbe dde d with the  middle  conglom e rate .Tau

be dding

e utaxitic foliation

se cond ge ne ration cre nulation line ation

schistosity

ge ne ric line ation
dip of mappe d contact

e longation line ation of pe bble s 
in m e taconglom e rate

inte rse ction line ation of be dding and schistosity 
(locally also a first ge ne ration cre nulation line ation)

upright be dding

mylonitic foliation
slicke nline  line ation

hinge  line  of folde d schistosity (F 2)

cre nulation cle avage  

Structure Symbols

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This geologic map was funded in part by the USGS National Cooperative Geologic Mapping Program under StateMap award number G16AC00294, 
2016. The views and conclusions contained in this document are those of the authors and should not be interpreted as necessarily representing the 
official policies, either expressed or implied, of the U.S. Government. 
 
Introduction 
 
T he  N orth T rigo Pe aks 7 ½' Q uadrangle  is locate d e ast of the  Colorado R ive r, southe ast of Blythe , California. T he  map e ncompasse s most of the  
northe rn T rigo M ountains, the  uppe r pie dmont of the  low e r Colorado R ive r Valle y, and se ve ral large  tributary valle ys and passe s within the  
mountains. M ost of the  quadrangle  is within the  Yum a Proving Grounds (YPG), a military re se rvation ope rate d by the  U .S . Army. Pe rmission was 
grante d for us to map fre e ly on the  le ss-re stricte d parts of the  YPG (hunting range s), and e scorts w e re  provide d for se ve ral days of fie ld mapping in 
the  re stricte d southe aste rn ¼ of the  quadrangle . Due  to this limite d fie ld acce ss, much of the  mapping in that part of the  quadrangle  was done  
through ae rial photointe rpre tation. 
 
Ge ologic mapping was done  unde r the  S T AT EM AP program, as spe cifie d in the  N ational Ge ologic M apping Act of 1992. W ork was jointly funde d by 
the  Arizona Ge ological S urve y and the  U .S . Ge ological S urve y unde r S T AT EM AP assistance  award # G16AC00294. M apping was compile d 
digitally using ES R I ArcGIS  softw are . W e  are  grate ful to the  U .S . Army for allowing acce ss to the  YPG. 
 
Surficial and Basin Deposits 
S urficial ge ologic units in the  map are a include  tributary de posits ranging from late  M ioce ne  to H oloce ne , and e arly Plioce ne  rive r de posits the  
re cord the  first arrival and e arly e volution of the  low e r Colorado R ive r. T he se  de posits w e re  mappe d using num e rous fie ld obse rvations, 
ge ore fe re nce d digital orthophotographs and sate llite  image ry, and analog and digital topographic information. M ost of the  pie dmont is cove re d by a 
ve ne e r of Q uate rnary alluvial fan, te rrace , and channe l de posits transporte d by tributary fluvial syste ms with wate rshe ds that he ad in the  T rigo 
M ountains. T he se  de posits are  pre dom inantly locally-de rive d grave l dominate d by crystalline  and volcanic lithologie s, with minor amounts of grave l 
and sand re worke d from olde r Colorado R ive r de posits. Q uate rnary de posits are  ge ne rally thin, and only partially cove r unde rlying late  M ioce ne  to 
Plioce ne  tributary fan de posits in uppe r pie dmont are as, and Plioce ne  Colorado R ive r sand and minor grave l in middle  pie dmont are as. M ost of the  
tributary de posits cove ring the  pie dmont are  middle  Ple istoce ne  or younge r in age , although de e ply disse cte d alluvial fan de posits common in uppe r 
pie dmont are as are  like ly of Plioce ne  age . Coarse  H oloce ne  to late st Ple istoce ne  de position is pre dominant in mountain valle ys, and young de posits 
cove r broad valle ys incise d 1-20 m be low olde r re lict alluvial fan and te rrace  surface s along all sizable  washe s. T he  gre ate r part of pie dmont are as 
are  cove re d with disse cte d middle  to late  Ple istoce ne  tributary de posits with mode rate  to fairly strong soil de ve lopm e nt.  
 
De posits probably or de finite ly associate d with the  Colorado R ive r include  the  e arly Plioce ne  basal carbonate  de posits of the  Bouse  F ormation 
(M e tzge r, 1968), the  e arly to middle  Plioce ne  quartz-rich sand and e xotic rounde d grave l of the  Bullhe ad F ormation (H oward e t al., 2015). Q uartz-
rich fine  to m e dium sand de posits with minor silt and clay be ds that are  found high on the  pie dmont (unit T cs) are  like ly associate d with the  Bullhe ad 
Alluvium, but alte rnative ly could be  part of the  Bouse  F ormation. 
 
Bouse  de posits in the  map are a primarily consist of e xte nsive , locally spe ctacular mantle s of one  to se ve ral m e te r-thick trave rtine  or tufa (dubbe d 
“trave rtufa” he re ), primarily drape d ove r or e ncrusting be drock pale otopography. Carbonate -impre gnate d, angular to subangular, locally-de rive d 
colluvium is common be ne ath and inte rbe dde d with the  trave rtufa; lim e stone  and calcare ous sandstone  inte rbe ds are  le ss common. Along the  
w e ste rn margin of T rigo Pe aks, trave rtufa can be  4-8m thick whe re  it cove re d much or all of isolate d be drock pie dmont, ridge s and inse lbe rgs. S e e  
“F roste d Chocolate  H ills” and “Island R ange ” in se ctions AA’ and EE’, re spe ctive ly. In the se  are as trave rtufa consist of a varie ty of te xture s: 
charophyte s, re e ds, he misphe rical thrombolite s, mammilarie s, algal stromatolite  columns, branching-de ndritic forms, and comple x trave rtine  
banding. O ccasionally clam-coquina is inte rbe dde d with lim e stone  micrite  and trave rtufa be ds. In pale ovalle ys, which are  also mode rn valle ys, 
trave rtufa, lim e stone  with varying amounts of bioclastic mate rial, and coarse , locally-de rive d, angular to subrounde d grave l and sand de posits are  
common In the se  valle ys, tributary grave l de posits commonly are  be ne ath or inte rbe dde d with the  basal carbonate  de posits. S om e  of the se  grave l 
de posits are  primarily fluvial, but othe rs have  mountainward-dipping be dding and be dformsindicative  of re working by ne arshore  proce sse s. In 
addition, the re  are  m any small de posits of w e ll-rounde d, locally-de rive d grave l up to 1m long, including trave rtufa grave l, that w e re  cle arly shape d by 
ne arshore /be ach proce sse s. Bouse  basal carbonate  is e xpose d in a variably broad band along the  boundary be tw e e n late  Ce nozoic basin de posits 
and be drock and olde r conglom e rate , and around and drape d ove r outlying small be drock hills and ridge s, be tw e e n 190 and 310 m above  se a le ve l 
(masl) in the  mapping are a. T he  basal carbonate  ce rtainly e xists in the  subsurface  southe rn Blythe  basin, and the  uppe r limit carbonate  outcrops are  
always e rosional. T hus, the  curre nt distribution of Bouse  outcrops is ve ry much a function of what has be e n uncove re d by subse que nt e rosion but 
has not be e n comple te ly re move d by e rosion and de nudation. T he  basal carbonate  de posits w e re  drape d ove r a comple x e rosional pale o-
landscape  of hillslope s and valle ys form e d on crystalline  and volcanic be drock and e rode d M ioce ne  conglom e rate , and le ss commonly, late st 
M ioce ne -e arly Plioce ne  tributary de posits (T fg1). T rave rtufa, bioclastic lim e stone , and the  w e ll-rounde d locally-de rive d grave l w e re  ce rtainly 
de posite d in shallow wate r; the y re cord a wate r body gradually e ncroaching on the  comple x pre -e xisting landscape .  
 
Exposure s be ne ath Q uate rnary de posits in som e  uppe r pie dmont are as are  primarily quartz-rich sand, with le ss common be ds of rounde d e xotic 
pe bble s and cobble s, and som e  tan to brown silt and clay be ds. W e  te ntative ly inte rpre t the se  be ds are  basin-margin de posits of the  Bullhe ad 
Alluvium (H oward e t al., 2015). T he se  de posits are  e xpose d from ~170m asl in the  N W  corne r of the  map are a to as high as ~265m asl ne ar the  
mountain front in the  southw e ste rn part of the  quadrangle . T he y are  inte rbe dde d with and like ly grade  late rally into Plioce ne  tributary fan grave l 
de posits (T fg2). T hus, Bullhe ad Alluvium re cords massive  aggradation by the  e arly Colorado R ive r in the  e arly to middle  Plioce ne , with le sse r 
contributions of se dim e nt from tributary drainage s. Base d on age  constraints farthe r north along the  rive r, this aggradation culminate d 3.5-4.0 M a 
(H ouse  e t al., 2008).  
 
Mid-Cenozoic bedrock geology 
M ioce ne  T e rtiary strata of the  N orth T rigo M ountains are , from the  top down, unifie d by a pair of upward-fanning, e aste rly tilt se que nce s dominate d 
by conglom e ratic rocks with sparse  volcanic inte rbe ds,  T he  conglom e rate s (T cu and T cm) are  se parate d by a re gional, ge ntly e ast-dipping angular 
unconformity throughout the  map are a.  T he  uppe r conglom e rate  (T cu) is ge ntly tilte d (<25°) and fans upward impe rce ptibly into untilte d M ioce ne  
siliciclastic rocks (T fg1, T fg2, T cb, T cs) that e nve lope  the  Late st M ioce ne  Bouse  F ormation (T bc, T bct, T bg).  T he  middle  conglom e rate  (T cm) is 
mode rate ly tilte d (25°-55°) and contains an ~22 M a rhyolitic lava ne ar its base .  S trata be low the  middle  conglom e rate  are  ste e ply (55°-90°) tilte d 
and are  dominantly volcanic e xce pt in the  northe ast corne r of the  map whe re  the  strata consist of re d, pe bbly, arkosic sandstone  and conglom e rate  
(T cl) inte rbe dde d with a se rie s of fe lsic pyroclastic rocks that include s a single  basaltic lava (T b) with an associate d sill comple x (T bi) in the  middle  
of the  se que nce . T he  fe lsic pyroclastic rocks of the  low e r tilt-se que nce  are  dominate d by a promine nt w e lde d ignimbrite  known as the  tuff of F e lipe  
Pass (S he rrod and T osdal, 1991). T he  tuff of F e lipe  Pass is pre se nt throughout most of the  map are a, but is notably abse nt in the  main part of a 
range  of rugge d pe aks be tw e e n M ohave  W ash and Gould W ash in the  southw e ste rn part of the  map are a he re in re fe rre d to as the  “Island R ange ”. 
 
T he  tuff of F e lipe  Pass is be st e xpose d in a hogback ridge  paralle l to W e ave r W ash in the  northe ast corne r of the  map are a. F our distinct ignimbrite  
cooling units are  pre se nt (T f1, T f2-T f2m, T f3, T f4).  At le ast two additional, datable , pyroclastic map units, a massive , up to 70 m-thick, poorly to 
nonw e lde d, quartz-phyric rhyolite  ignim brite  (T rl), and a 1-5 m thick, be dde d nonw e lde d fe lsic ash (T nt) occur within the  re d conglom e rate  be low the  
tuff of F e lipe  Pass, and the se  constitute  the  re gional olde r silicic tuff(s) of S he rrod and T osdal (1991).  
 
T he  tuff of F e lipe  Pass at W e ave r W ash, along with a se ction of the  low e r conglom e rate  (T cl) that ove rlie s it, are  ove rlain, with fairly pronounce d 
angular unconformity, by the  middle  conglom e rate  (T cm) which contains se ve ral undiffe re ntiate d le nse s of probable  dry-rock avalanche  bre ccia.   
T he  only confirm e d volcanic flow within the  middle  or uppe r conglom e rate s (T cu, T cm) of the  W e ave r W ash are a is a thin basalt (T by) within ge ntly 
tilte d conglom e rate  (T cu) that appe ars to ove rlap the  main, down-to-the  w e st normal fault that se parate s the  Dom e  R ock M ountains from the  T rigo 
M ountains. Although ne ve r e xpose d in this map are a, the  main fault is inte rpre te d to dip about 30 de gre e s to the  southw e st base d on a 25 de gre e  
dip m e asure d on it in the  northe rly adjace nt Dom e  R ock M ountains S W  map are a (S pe nce r e t al., 2016), and a dip of 34 de gre e s m e asure d on the  
main, down-to-the  w e st normal fault that bounds the  southw e st flank of the  N orth T rigo Pe aks massif (se e  the  w e ste rn part of Cross-se ction B-B').  
 
T he  middle  conglom e rate  (T cm) of the  southe rn Island R ange  and adjace nt are as e ast of M ohave  W ash is similar to the  middle  cnglom e rate  of the  
W e ave r W ash are a in that it contains num e rous avalanche  bre ccia le nse s with clasts of w e lde d ignimbrite , lava, and granitic base m e nt, but is 
diffe re nt in that it contains se ve ral discre te , thin lava flows: ande site  (T au), dacite -trachyte  (T dr), phe nocryst-poor trachyte  (T tp), and se ve ral high-
silica, phe nocryst-rich rhyolite  lava flows (T rx).  O ne  of the  phe nocryst-rich rhyolite s (T rx) was date d (Ar/Ar sanidine ) at ~22.2 M a.  
 

T he  middle  conglom e rate  (T cm) in the  Island R ange  ove rlie s two ve ry diffe re nt volcanic se que nce s. In the  north, and in are as e ast of M ohave  
W ash, the  unde rlying se ction contains at le ast two of the  tuff of F e lipe  Pass ignimbrite s (T f1, T f2, T f3), and a basal, dacitic-ande sitic lava, bre ccia, 
and volcaniclastic se que nce  that include s, locally, a poorly w e lde d quartz-phyric rhyolite  ignimbrite  date d (Ar/Ar sanidine ) at ~24.5. In the  southe rn 
Island R ange , none  of the  tuff of F e lipe  Pass ignimbrite s are  pre se nt. Inste ad, a thin, basal, mostly volcaniclastic conglom e rate  (T cl) is ove rlain by a 
thick pile  of fe lsic-inte rm e diate  lavas with a discontinuous w e lde d ignimbrite  at its base  that yie lde d a sanidine  Ar/Ar age  of ~23.3 M a. 
T he  stratigraphic disconne ct be tw e e n the  low e r volcanic se ctions in the  Island R ange  is compounde d by diffe re nce s in tilt history be tw e e n the  sam e  
two are as (discusse d be low). T he  diffe re nce s sugge st that the  two se ctions e volve d se parate ly, and w e re  juxtapose d by faulting be fore  ~22 M a, the  
age  of the  T rx rhyolite  lava that appare ntly ove rlaps both se ctions.  If the  stratigraphic diffe re nce s be tw e e n the  two se ctions w e re  de fine d only by 
lava flows, whose  are al e xte nts are  typically limite d to only a fe w kilom e te rs, any significant displace m e nt would be  hard to prove , but since  
important re gional ignimbrite s sudde nly “disappe ar” across the  fault sugge sts that the  fault(s) accommodating the  juxtaposition may have  had 
significant strike -slip displace m e nt. A significant southe ast-striking, strike -slip fault with the  pote ntial of displacing the  disconne cte d stratigraphic 
se ctions w e  obse rve  has in fact be e n sugge ste d by R ichard (1993c), as the  de xtral (~10-16 km displace m e nt) Cibola fault. T he  Cibola fault 
re pre se nts an important structural (the  e aste rn boundary of Dokka and T ravis’ [1990] e aste rn California she ar zone ), and stratigraphic (se e  F igure  5 
of R ichard, 1993c) boundary, and its pre se nce  might account for the  diffe re nce s w e  obse rve . S ince  those  diffe re nce s are  most cle arly e xpre sse d 
across the  ne xt major wash to the  e ast, M ohave  W ash, we  te ntative ly sugge st that the  Cibola fault is itse lf displace d se ve ral km in a le ft-late ral 
se nse  by the  e ast-w e st striking fault that cuts off the  north e nd of the  Island R ange , and which continue s robustly to the  e ast, northe ast along the  
southe rn flank of the  S outh T rigo Pe aks massif (se e  also F igure  8 of S he rrod and T osdal, 1991).  
 
T he  volcanic se ction be low the  T cm unconformity in the  southe rn Island R ange  e ithe r re cords a comple x tilt history or is disrupte d by unre cognize d 
faults.  S trata dire ctly be low the  T cm unconformity, which is date d at ~23.2 M a and dips ~45° to the  e ast, are  ve ry ste e ply tilte d (up to 80°), ye t 
the se  strata, in turn, ove rlie  a volcanic se que nce  with only mode rate  e aste rly dips (20°-50°) including a basal nonconformity with unde rlying 
Jurassic plutonic rocks that dips le ss than 20° at one  locality.  Contact re lationships be tw e e n all the  volcanic units in the  southe rn Island R ange  are  
w e ll e xpose d and show no e vide nce  of obvious fault juxtapositions that might e xplain the  de cre ase  in dip with incre asing de pth.  Anothe r 
inte rpre tation is that the  contact be tw e e n ove rlying ste e ply dipping and unde rlying mode rate ly to ge ntly dipping strata is that the  contact is is an 
inve rte d angular unconformity which is the  inte rpre tation shown on cross-se ction G-G'. T he  implication is that the  olde r se ction may have  be e n 
initially tilte d to the  w e st, be ve le d and the n ove rlain by strata that w e re  tilte d to the  e ast, and the n as the  younge r strata w e re  tilte d continuously to 
the  e ast, appare nt tilting of the  olde r, orginally w e st-dipping strata de cre ase d.  W hiche ve r intre pre taion is invoke d, and assuming that the  
ge ochronology is corre ct, rapid (~100,000 ye ar) change s in volcanism and/or te ctonic/structural configurations in the  e arly M ioce ne  in this are a are  
re quire d.   
 
Mesozoic Geology 
Pre -Ce nozoic igne ous and m e tamorphic rocks nonconformably unde rlie  Ce nozoic strata throughout the  N orth T rigo M ountains 7.5’ quadrangle . In 
the  T rigo M ountains, the se  rocks are  pre dominantly Jurassic plutonic rocks (Jgm), re pre se nte d mainly by biotite  granite  with subordinate  
hornble nde -biotite  granodiorite  and diorite . Le ucogranite  (Jgl) was mappe d se parate ly in the  N orth T rigo M ountains massif (mostly via air photo 
inte rpre tation), but no atte m pt was made  e lse whe re  to distinguish the se  from othe r plutonic rocks. T he  plutonic rocks locally intrude  
quartzofe ldspathic biotite -rich schist and paragne iss, but the se  m e tamorphic rocks w e re  not mappe d se parate ly. Granitic rocks (Jgm) like  those  in 
the  S outh and N orth T rigo Pe aks massif are  also pre se nt in the  southe rnmost Dom e  R ock M ountains, along the  e aste rn e dge  of the  map are a 
(Cross-se ction D-D') whe re  the y are  in contact to the  north with the  Jgz map unit across an e ast-w e st striking, high-angle , strike -slip and/or normal 
fault.  T he  Jgz unit is a quartzofe ldspathic mylomitic schist that has be e n inte rpre te d as a m e ta-ignimbrite  (T osdal, 1988; T osdal and S tone , 1994), 
but is he re in re inte rpre te d as a strongly she are d granite  in the  hangnigwall of the  north-ve rge nt M ule  M ountains thrust syste m. T he  Jgz unit contains 
isolate d, up to 100 m-wide , foliation-paralle l le nse s of w e akly to non-foliate d granitic rocks that are  ve ry similar to the  Jgm plutonic rocks dire ctly to 
the  south, and in the  massifs of the  N orth and S outh T rigo Pe aks.  
 
T he  M ule  M ountains thrust syste m is re pre se nte d in this quadrangle  by two thrusts, the  southe rnmost carrying the  inte nse ly foliate d granite  schist 
(Jgz) in its hangingwall, and anothe r to the  north that carrie s dominantly se dim e ntary protolith schists of the  low e r m e m be r of the  M cCoy M ountains 
F ormation (KJm) ove r younge r schist m e m be rs of the  sam e  formation (Kcm, Ksm). T he  younge r m e m be rs re tain abundant e vide nce  of se dim e ntary 
structure s, including stratigraphic up to the  e ast facing indicators ne ar the  base  of the  olde r of the  two units (Kcm), T he  conglom e rate  schist (Kcm) 
contains granitic clasts that T osdal (1988; 1990) show w e re  de rive d from a granitic base m e nt similar to or the  sam e  as those  carrie d in the  
hangingwall of the  thrust syste m, and provide  an important link be tw e e n rocks on e ithe r side  of the  fault syste m. T he  main schistosity in the  younge r 
two m e m be rs of the  M cCoy M ountains F ormation is axial planar to m e soscopic folds in the  southe rn Dom e  R ock M ountains (T osdal, 1988; T osdal 
and S tone , 1994). A younge r, mode rate ly south-dipping cre nulation cle avage , ove rprinting the  main schistosity is w e akly de ve lope d in the  north, but 
towards the  south, approaching the  similarly orie nte d M ule  M ountains thrust syste m, it be com e s incre asingly inte nse  and e ve ntually be com e s the  
main schistosity. S chistosity in the  hangingwall of the  main, southe rn, M ule  M ountains thrust is conside re d to be  dominantly or e ntire ly of this 
ge ne ration.  
 
Preliminary geochronology 
5 volcanic rocks from the  Island R ange  w e re  se nt to the  Ar/Ar ge ochronology lab at U N LV for mine ral se paration and analysis in the  spring of 2017.  
S anidine  crystals w e re  se parate d from all sample s.  Probability plot age s, and isochron age s with the  pre fe rre d age  in bold for e ach sample  are : 
 
38956   Sanidine Ar/Ar probability plot: 23.25 +/- 0.04    isochron: 23.30 +/- 0.05 
38883   Sanidine Ar/Ar probability plot: 23.25 +/- 0.04    isochron: 23.16 +/- 0.07 
38774   Sanidine Ar/Ar probability plot: 23.74 +/- 0.04    isochron: 22.96 +/- 0.10 
38960   Sanidine Ar/Ar probability plot: 24.48 +/- 0.05    isochron: 24.68 +/- 0.06 
38921   Sanidine Ar/Ar probability plot: 25.63 +/- 0.09    isochron: 22.90 +/- 0.23 
 
T he  fe ldspars in all our sample s displaye d re lative ly low (<90%) radioge nic yie lds, and be cause  of this the  U N LV lab re comm e nds using the  
isochron age  for all sample s.  T he  worst (38921) had only a fe w crystals that yie lde d >50% radioge nic Ar, and poste d the  wide st range  be tw e e n 
isochron and probability age  (22.90 and 25.63).  T he  isochron age  for 38921 is statistically a be tte r date , and since  this accords with the  probability 
age  not matching the  stratigraphy, the  isochron is e asily assigne d the  be st age .  H aving a 25.6 M a lava in the  midst of this se ction would make  ve ry 
little  se nse .   
  
F or sample s 38956, 38960, and 38883 both age s are  e sse ntially the  sam e , but for 38774, the  only sample  from the  tuff of F e lipe  Pass, the re  is a 
significant diffe re nce .  S ample  38774’s probability plot is more  compatible  with stratigraphic re lations, and for this re ason plus the  fact that its 
probability plot (in pre paration) has only one  sharp pe ak w e  pre fe r the  probability age  of 23.74.  Continue d dating of the  tuff of F e lipe  Pass’ 
constinue nt ignimbrite s is planne d.  
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leucogranite - Le ucogranite  w th <<5% biotite , diffe re ntiate d only in the  N orth T rigo Pe aks massif.  Jlg

Granite, granodiorite, and diorite with lesser schist and paragneiss - Granite , mostly mostly m e dium-graine d and
e quigranular, but also locally porphyritic w ith K-fe ldspar up to 2 cm.  Include s zone s of hornble nde  diorite  to
biotite -hornble nde  granodiorite , and undiffe re ntiate d quartzofe ldspathic, biotite -rich schist and paragne iss, and in
are as outside  the  N orth T rigo Pe aks massif, le ucogranite .  Commonly propylitically alte re d with chloritic mafic
mine rals.

Jgm

tuff of Felipe Pass (Tf4, Tf3, Tf2m, Tf2, Tf1)                                                                   - A w e lde d fe lsic ignim brite  in the  northe aste rn corne r of this map are a known
pre viously as the  T uff of F e lipe  Pass (S he rrod and T osdal, 1991) was divide d into four distinct cooling units.   T he  third
olde st is e asily distinguishe d in the  fie ld since  it is the  only one  that contains quartz phe nocrysts.  T he  othe r thre e  have
similar, crystal-rich phe nocryst asse m blage s of fe ldspar with abundant (1-3%) biotite , but the re  are  important diagnostic
diffe re nce s that are  e asily disce rnible  in thin-se ction.  T he  low e r two (T f1, T f2m-T f2) are  both normally zone d with re spe ct to
plagioclase  ve rsus sanidine  phe nocryst ratios (1:1 or 1:2 upwards to 2:1 or >5:1), and the y both contain ubiquitous small
grains (<0.5mm) of pyroxe ne , and virtually no hornble nde .  T he  uppe r ignim brite  (T f4) contains consiste nt plagioclase
ve rsus sanidine  phe nocryst ratios of ~3:1 throughout, but inste ad of pyroxe ne , it contains hornble nde  as its main subsidiary
mafic phe nocryst phase .
T he  quartz-phyric ignim brite  of the  tuff of F e lipe  Pass (T f3) is almost ce rtainly the  22.3 +/- 0.4 M a (Bagby e t al., 1987 Ar/Ar
sanidine ) tuff of H oodoo W e ll.  T he  T f3 ignim brite , like  the  tuff of H oodoo W e ll, contains plagioclase  and sanidine
phe nocrysts, whe re as the  only othe r quartz-phyric ignim brite  in the  re gion, the  tuff of Yaqui T anks, which dire ctly ove rlie s the
T uff of H oodoo W e ll in the  Kofa M ountains, and which is slightly younge r (date d at 21.9 +/- 1.5 M a, K-Ar biotite  by Dahm
and H ankins, 1982), is re porte d to contain only plagioclase  fe ldspar (Grube nsky and Bagby, 1990; S he rrod e t al., 1993).
S tratigraphic se que ncing and phe nocryst conte nt corre lation argue  that the  uppe rmost ignim brite  of the  tuff of F e lipe  Pass
(T f4), as sugge ste d by Grube nsky and Bagby in 1990, is the  tuff of T e n Ew e  M ountain which has be e n date d at 22.3 +/- 0.3
M a in the  Kofa M ountains (K-Ar biotite  from Bagby e t al., 1987).  Anothe r significantly olde r K-Ar biotite  age  re porte d by
Bagby e t al. (1987) for an ignimbrite  ide ntifie d as the  tuff of T e n Ew e  M ountain of 24.1 +/- 0.9 M a in the  Castle  Dom e
M ountains is suspe ct, and w e  sugge st that it probably more  like ly corre late s with the  olde r F e rguson W ash T uff.
Additionally, and compatible  with the  inte rpre tation that the  top of the  tuff of F e lipe  Pass is the  tuff of T e n Ew e  M ountain is
the  te ntative  assignm e nt by S he rrod e t al., (1990) of a 22.2 +/- 0.6 M a plagioclase  K-Ar age  date  (Bagby e t al., 1987) to the
tuff of F e lipe  Pass in the  Livingston H ills at le ast 30km northe ast of this map are a.
T he  low e r two ignim brite s of the  tuff of F e lipe  Pass (T f1, T f2m-T f2), base d on the ir phe nocryst asse m blage s, and ne w Ar/Ar
ge ochronology of the  low e r one  (T f1) in the  southw e ste rn part of this map are a, most like ly corre late  w ith Crow e ’s (1978)
plagioclase -sanidine -biotite -pyroxe ne  phe nocryst-be aring multiple  flow and cooling unit F e rguson W ash T uff.   W e  re port an
Ar/Ar sanidine  probability age  of 23.74 +/- 0.04 M a on the  T f1 ignim brite  in the  southw e ste rn part of the  map she e t (sample
CAF -2-38774) which is compatible  with K/Ar biotite  age s re porte d by O lmste ad e t al. (1973) and W e ave r (1982),
re spe ctive ly, of 26.9 +/- 2.1 M a and 24.9 +/- 1.6 M a for the  F e rguson W ash T uff at its type  are a in the  Chocolate  M ountains
of southe aste rn California.  T he  22.96 +/- 0.10 M a isochron age  for sample  CAF -2-38774 is not favore d be cause  the  sample
stratigraphically unde rlie s a rhyolite  lava (T rx) that yie lde d Ar/Ar sanidine  date s of 23.25 +/- 0.04 (probability) and 23.16 +/-
0.07 (isochron) which are  both statistically olde r.  T o complicate  matte rs, S pe nce r e t al. (1995) re porte d Ar/Ar plagioclase ,
sanidine , and hornble nde  age s of be tw e e n 22.2 and 22.7 +/- 0.1 M a for what the y ide ntifie d as the  F e rguson W ash T uff in
the  Chocolate  M ountains of Arizona som e  30km north of its type  are a.  H ow e ve r, since  the  F e rguson W ash T uff is not
known to contain significant amounts of hornble nde , w e  sugge st that the  hornble nde -phyric ignimbrite  S pe nce r e t al. (1995)
date d is probably actually the  ~22 M a tuff of T e n Ew e  M ountain.   T hin-se ctions of the  T f1 and T f2 units throughout this map
are a (sample s CAF -2-38774, 38909, 38910, 39103, 39105, 39132, 39175b, 39555, 39556, 39557, 39561, 39562, and
39564) contain virtually no hornble nde  phe nocrysts.

Basal Member, McCoy Mountains Formation - Inte rlaye re d gre e nish gray muscovitic quartzite , muscovitic quartzose
schist, phyllite , quartzose  marble , and calcsilicate  hornfe ls. Cut by milky quartz ± carbonate  ± F e  oxide  afte r pyrite
ve ins.   Include s what has be e n mappe d as Jurassic fe lsic m e tavolcanics by T osdal (1988; 1990) and de scribe d:
Pale -gre y w e athe ring, me tamorphose d, fe lsic volcanic rocks that are  probably de rive d from rhyolitic tuff. U nit is now
compose d of muscovite  schist and gne iss with local garne t.  H orizons are  locally characte rize d by quartz
blastophe nocrysts up to 8 mm in diam e te r and conspicuous oblate  m uscovite -rich clots up to 3 cm across that
re pre se nt re lict pumice  lapilli re fle cting the  primary pyroclastic protolith. O the r blastophe nocryst-poor
quartz-muscovite  schist like ly re pre se nts minor re worke d tuff and volcaniclastic rocks.  Include s a unit mappe d as the
basal me m be r 2 of the  M cCoy M ountiains F ormation by T osdal (1990), that is not diffe re ntiate d in this ve rsion of this
map de scribe d as: Inte rlaye re d gre e n-gre y w e athe ring chlorite -rich phyllite , calcsilicate  schist, and quartz-muscovite
phyllite .  T he  basal me m be r 2 unde rlie s the  basal m e m be r 1 which constitute s most of this map unit.

KJm

Conglomerate Member, McCoy Mountains Formation - Brown-w e athe ring pe bble  to cobble  m e taconglom e rate ,
psammitic schist, and gre y phyllite . R ocks ne ar the  base  of the  m e m be r are  rich in m e tamorphic muscovite . Clasts
are  dominantly quartz-phyric volcanic rocks de rive d from unde rlying Jurassic igne ous units, and le sse r amounts of
granitic rocks, quartzite , and lim e stone .

Kmc

Sandstone Member, McCoy Mountains Formation - Inte rlaye re d brown-w e athe ring psammite  schist and purple  to
gre y w e athe ring phyllite  and schist. M e m be r be com e s fine r graine d up se ction.Kms

Lower conglomerate - R e d, arkosic pe bble -cobble  conglom e rate  containing a mixture  of granitic and m e tamorphic
(quarztite , and schist) clasts which are  more  pre ve lant tow ards the  base , and with incre asing volcanic clasts
up-se ction.  Ve in quartz clasts are  ubiquitous, but ge ne rally <5% of the  total.  S e ve ral white , non-w e lde d, m e dium-
to thick-be dde d tuff se que nce s <10m thick are  pre se nt, most of which are  mappe d se parate ly.  Clasts are
dominantly subrounde d, and rounde d, le ss commonly subangular.    N um e rous small prospe ct pits are  associate d
w ith this unit. Although fie ld e xamination ide ntifie d num e rous historic place r prospe cts within Q uate rnary alluvium
re sting on re d sandstone  and conglom e rate , tw o re cre ational prospe ctors using m e tal de te ctors inform e d S pe nce r
that gold nugge ts w e re  locate d in the  re d sandstone  and conglom e rate , not in the  ove rlying Q uate rnary de posits.

Tcl

Lower rhyolite tuff - 5-15% fe lspar and quartz phe nocryst w e akly w e lde d to non-w e lde d rhyolite  tuff, with sparse
lithics and <15% pumice .  S anidine  from a rhyolite  tuff at the  base  of the  T e rtiary se ction in the  southe rn Island
R ange  was date d at 23.25 +/- 0.04 M a (probability plot), and 23.30 +/- 0.05 M a (isochron).  A rhyolite  tuff at the  base
of the  T e rtiary se ction in the  northe rn Island R ange  on the  north side  of a major fault, yie lde d a sanidine  Ar/Ar age  of
24.48 +/- 0.05 M a (probability plot), and 24.68 +/- 0.06 M a (isochron).  Although mappe d as the  sam e  unit
lithologically, the  two tuffs are  conside re d to be  diffe re nt units.

Trl

Limestone - F ine ly crystalline , laminate d lim e stone  in be ds le ss than 2 m thick, inte rbe dde d with sandstone  and
conglom e rate  of the  T cl unit.Tl

Non-welded felsic tuff - Island R ange : N on-w e lde d fe lsic tuff, typically massive  or ve ry thick be dde d, but also thin-to
m e dium-be dde d.  T uffs are  ge ne rally lithic poor (<5%) and rhyolitic, containing ve ry sparse , <1mm hydrous mafic,
and 0-10% <3mm fe ldspar>quartz phe nocrysts. Pumice  are  virtually indistinguishable  from the  matrix and the ir
conte nt is hard to de te rm ine .  

Tnt

Intrusive basalt - Crystalline  matrix basalt with 3-10% iddingsite  phe nocrysts.Tbi

Basalt lava - M afic lava with 3-10% iddingsite  phe nocrysts.Tb

Dacitic lava - Dacitic lavas w ithin the  T dc map unit.Tdcd

Volcaniclastic rocks - Volcaniclastic rocks in the  T dc unit.Tdcs

Andesitic lava - Andesitic lava flows mappe d se parate ly w ithin the  T dc unit.Tdca

Intermediate volcaniclastic rocks and lavas - Dacitiic and ande sitic lavas inte rbe dde d with volcaniclastic se dim e ntary
rocks:(T dcs) sandstone , conglom e rte , and bre ccia.  All rocks typically propylitically alte re d, and the  lavas are
dominate d by dacite s (T dcd) with phe nocryst of <8mm plagioclase  (10-30%), and <4mm biotite  and/or
hornble nde  and pyroxe ne  (1-5%).  Ande sitic rocks (T dca) contain <3mm pyroxe ne  and/or iddingsite  subordinate
(1-5%)  to <5mm plagioclase  (1-20%).

Tdc

Island Range lower rhyolite lava - R hyolite  lava containing 10-15% fe ldspar, quartz and minor biotite  phe nocrysts
associate d w ith the  Low e r Island R ange  rhyolite  tuff (T it).Tir

Lower Ferguson Wash Tuff - De nse ly w e lde d, zone d ignim brite  containing 10-30% fe ldspar (<4mm), up to 3%
biotite  (<2mm), and up to 1% pyroxe ne  (<0.5mm) phe nocrysts.  T he  ignim brite  is a distinct cooling and
flow-unit that contains <5% lithic lapilli, and 5-35% pumice .  Zonation is e xpre sse d by change s to more  mafic
compostion e xpre sse d by incre ase  in total phe nocrysts, pumice  conte nt, and the  ratio of plagioclase  to K-fe ldspar
T he  more  mafic zone (s) one s occur mostly at the  top of, but also sporadically, and unpre dictably within the  main
ignim brite , and w e re  not diffe re ntiate d.  T he  more  mafic zone s contain >25% phe nocrysts, and typically at le ast
25% pumice  fiamm e , many of which are  dark re d in color and up to 1 m e te r long.  T he  ignim brite  is corre late d
w ith the  ignim brite  of F e rguson W ash (Crow e , 1978) base d on phe nocryst asse m blage  (although not ne ce ssarily
its ove rall phe nocryst abundance  as discusse d by R ichard [1993a,b]), and its stratigraphic position be low the
promine nt, quartz-phyric rhyolite  ignim brite  (T f3) that is ide ntifie d as Grube nsky e t al.’s (1993) tuff of H oodoo
W e ll.  Ar/Ar sanidine  age s of 23.74 +/- 0.04 M a (probability plot), and 22.96 +/- 0.10 M a (isocrhon) w e re  obtaine d
for a locality in the  southw e ste rn part of the  map are a,

Tf1

Upper Ferguson Wash Tuff - De nse ly w e lde d, normally zone d ignim brite  containing 10-25% fe ldspar (<5mm),
up to 3% biotite  (<2mm), and up to 1% pyroxe ne  (<0.5mm) phe nocrysts.  T he  ignim brite  is a distinct cooling
and flow-unit that contains <5% lithic lapilli, and 5-35% pumice .  N ormal zonation is e xpre sse d by a gradual, ye t
rapid upward incre ase  in mafic phe nocrysts, the  ratio of plagioclase  to K-fe ldspar (sanidine ), and ove rall
phe nocryst and pumice  conte nt.  T he  uppe r, re lative ly more  mafic zone  ove rlie s the  main ignimbrite  with
gradational contact.  T he  mafic zone , which is discontinuous, typically contains at le ast 25% pumice  fiamm e ,
many of which are  dark re d in color and up to 1 m e te r long.  T he  ignimbrite  is corre late d with the  F e rguson W ash
T uff (Crow e , 1978) base d on phe nocryst asse m blage  (although not ne ce ssarily on ove rall phe nocryst abundance
as discusse d by R ichard [1993a,b]), and its stratigraphic position be low a promine nt quartz-phyric rhyolite
ignim brite  (T f3) that is ide ntifie d as Grube nsky e t al.’s (1993) tuff of H oodoo W e ll.  S anidine  phe nocrysts from
sample  CAF -2-38774 in the  southw e ste rn part of the  map are a yie lde d Ar/Ar probability and isochron age s,
re spe ctive ly, of 23.74 +/- 0.04  and 22.96 +/- 0.10 M a.  T he  olde r probability age , is conside re d more  accurate  for
re asons discusse d in the  tuff of F e lipe  Pass (T f1, T f2-T f2m, T f3, T f4) he ading/de scription. 

Tf2

Upper zone of the Upper Ferguson Wash Tuff - T he  uppe r, re lative ly more  mafic zone  of the  main T f2 ignim brite
is in gradational contact with the  main  ignim brite  across a short (<10m) inte rval that is diffe re ntiate d base d on
phe nocryst conte nt in e xce ss of 25%.  T he  zone , which is discontinuous, typically contains at le ast 25% pumice
fiamm e , many of which are  dark re d in color and up to 1 m e te r long, abundant (3% biotite ), and a re lative ly
gre ate r proportion of plagioclase  ve rsus sanidine  phe nocrysts than in the  main part of the  ignim brite  (T f2).  

Tf2m

Tuff of Hoodoo Well  - M ode rate ly phe nocryst-poor, ge ne rally mode rate ly w e lde d ignim brite  containing 5-12%
~2:1 <4mm fe ldspar (plagioclase : sanidine ), <6mm e m baye d quartz, and sparse  alte re d, <<0.5mm
mafic/opaque  phe nocrysts.  T he  ignim brite  contains <5% lithic lapilli, and 5-20% pumice , is ge ne rally
light-colore d, and displays abundant lithophysal-sphe rulitic te xture .  T he  uppe r half to two thirds of the  unit is
commonly inte nse ly vapor-phase  alte re d.  T he  ignim brite  is corre late d with the  22.3 +/- 0.4 M a (Bagby e t al.,
1987 Ar/Ar sanidine ) tuff of H oodoo W e ll base d on the  pre se nce  of conspicuous, large , e m baye d quartz
phe nocrysts, and be cause  it contains plagioclase  and sanidine  phe nocrysts.  

Tf3

Tuff of Ten Ewe Mountain  - M ode rate ly to de nse ly w e lde d ignim brite  containing 10-25%, <5mm fe ldspar (~2:1
to 3:1 plagioclase :sanidine ), up to 1% biotite  (<1.5 mm), and 0.5-1.0% hornble nde  (<0.5mm).  M ost of the
ignim brite  is mode rate ly to de nse ly w e lde d, but fairly thick, poorly to nonw e lde d inte rvals that are  not always
cle arly associate d with uppe rmost or low e rmost non-w e lde d zone s are  also pre se nt.  Lithic lapilli conte nt is
ge ne rally <5%, and pumice , commonly fairly small (<20cm), and orange , range  up to 30% by volum e .  T he
ignim brite  is corre late d with Grube nsky and Bagby’s (1990) 
22.3 +/- 0.3 M a K-Ar biotite , and 22.2 +/- 0.6 M a K-Ar plagioclase  (Bagby e t al., 1987)
tuff of T e n Ew e  M ountain base d on its phe nocryst asse mblage , and its stratigraphic position above  a promine nt
quartz-phyric rhyolite  ignim brite  (T f3) corre late d with the  tuff of H oodoo W e ll.

Tf4

Igneous and metamorphic rocks (Jurassic)

McCoy Mountains Formation (Jurassic to Cretaceous)

Granite mylonite and granite - Dominantly fine -to me dium-graine d quartzofe ldspathic, biotite  schist, typically strongly
foliate d w ith a schistosity strongly re se m bling mylonitic fabric.  T he  schist grade s into le sse r (<10% by volum e )
le nse s of w e akly to non-foliate d, mostly m e dium-graine d, ~10% biotite  granite  and granodiorite  ide ntical to the  Jgm
map unit.

KJgz
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