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This geologic map was funded in part by the USGS National Cooperative Geologic Mapping Program under 
StateMap award number G15AC00519, 2015. 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 
 
The M id d le Camp M ountain 7 ½' Q uad rangle is loc ated  just to the west of the town of Q uartzsite in L a P az 
County, western Arizona. The Q uad rangle enc ompasses part of the northern D ome R oc k M ountains and  
flanking pied monts, as well as part of L a P osa P lain. G eologic mapping was d one und er the joint S tate-
F ed eral S TATEM AP  program, as spec ified  in the N ational G eologic M apping Ac t of 1992, and  was jointly 
fund ed  by the Arizona G eologic al S urvey and  the U.S . G eologic al S urvey und er S TATEM AP  assistanc e 
award  #G15AC00519. M apping was c ompiled  d igitally using ES R I Arc G IS  software. 
 
Surficial geology 
 
S urficial geologic units in the map area are mainly found  around  the flanks of the northern D ome R oc k 
M ountains and  on L a P osa P lain. The old est late Cenozoic d eposits in the map area are nond eformed  fan 
d eposits c omposed  primarily of metamorphic and  plutonic c lasts, d erived  primarily from the D ome R oc k 
M ountains and  to a lesser extent from the P lomosa M ountains. These d eposits are overlain by, and  loc ally 
may interfinger with, well-round ed , lithologic ally d iverse gravel and  sand  d eposits that we tentatively 
c orrelate with the early P lioc ene Bullhead  Alluvium (Howard  et al, 2015). This major river aggrad ation 
sequenc e is found  all along the lower Colorad o R iver c orrid or between the mouth of the G rand  Canyon and  
the Cibola Area (House et al., 2008; Howard  et al., 2015; G ootee et al., 2016). M uc h more extensive areas 
are c overed  by poorly exposed  fine-grained  d eposits whose upper, erod ed  surfac es are c overed  by minor 
sand  and  open gravel lag. M any of these d eposits may be part of the silicic lastic Bouse F ormation as well, 
but others are almost c ertainly younger and  are assoc iated  with sand y and  mud d y fac ies of the Bullhead  
Alluvium.  
 
Q uaternary sed imentary d eposits are limited  to an extensive area assoc iated  with Tyson W ash and  
tributaries from the southern, eastern, northern and  western flanks of the D ome R oc k M ountains. 
Q uaternary and  possibly P lioc ene d eposits in L a P osa P lain in the northeastern portion of the quad rangle 
are d erived  from the P lomosa M ountains. The old est Q uaternary d eposits of early to mid d le P leistoc ene are 
generally not well preserved . M id d le to late P leistoc ene alluvial fan terrac e d eposits are the most extensive, 
c apping old er fine-grained  sed imentary d eposits.  
 
Bedrock geology 
 
The northern D ome R oc k M ountains are und erlain by plutonic and  metamorphic roc ks ranging in age from 
P roterozoic to Jurassic .  P aleoproterozoic sc hist and  mic ac eous quartzite are exposed  in the northern part 
of the M id d le Camp M ountain quad rangle.  S r and  N d  isotopic d ata from the sc hist ind ic ate a P roterozoic 
age, inc lud ing a c alc ulated  N d  mod el age (TD M ) of >2.0 G a (L erc h et al., 1991).  G ranitic megac rystic augen 
gneiss is generally in tec tonic c ontac t with the sc hist, although interfoliated  sill-like layers a few meters thic k 
loc ally appear intrusive (Yeats, 1985).  The granitic gneiss resembles M esoproterozoic (1.4 G a) granitic 
roc ks elsewhere in western Arizona and  southeastern California (e.g., S ilver et al., 1977; And erson and  
Bend er, 1989). 
 
The P roterozoic roc ks are overlain unc onformably by a suc c ession of P aleozoic metased imentary roc ks 
(Yeats, 1985; Boettc her, 1996).  These inc lud e a basal Cambrian quartzite and  overlying sc hist and  marble 
units that here and  in nearby mountain ranges have been c orrelated  with Cambrian, D evonian, and  
M ississippian strata in the western G rand  Canyon and  southeastern Arizona (M iller, 1970; Hamilton, 1982; 
S tone et al., 1983).  P ennsylvanian-P ermian sc hist and  c alc silic ate c ap the P aleozoic suc c ession.  Triassic  
sc hist, quartzite, and  c alc silic ate are exposed  in the hanging wall of the Tung Hill extensional shear zone 
near the north ed ge of the map area.   

 
The southern part of the map area is und erlain by Jurassic silicic metavolc anic and  hypabyssal intrusive 
roc ks, whic h are part of a thic k volc anic pile that extend s into the c entral D ome R oc k M ountains (Tosd al, 
1988).  R elated  roc ks are wid espread  in southwestern Arizona and  ad jac ent parts of California (Tosd al et 
al., 1989).  The Jurassic  volc anic roc ks along the southern ed ge of the M id d le Camp M ountain quad rangle 
have und ergone extensive hyd rothermal alteration, low-grad e metamorphism, and  d eformation suc h that 
muc h of the roc k is now sc hist.  These roc ks are juxtaposed , and  in part interfoliated , with heterogeneous 
assemblages of sc hist and  quartzite of unc ertain age (units JXu and  JXq).  P rotoliths of unit JXu may in part 
be P roterozoic or P aleozoic, interfoliated  with sc hist d erived  from Jurassic  roc ks. 
The higher mountains in the west-c entral part of the map area are und erlain by M id d le to early L ate Jurassic 
plutonic roc ks that are part of a regional c alc-alkaline suite that ranges in age from about 173 to 158 M a 
(Tosd al and  W ood en, 2015).  The most abund ant roc ks of the suite in this area are med ium-grained  
porphyritic biotite quartz monzonite, monzogranite, and  granod iorite (M id d le Camp quartz monzonite of 
Crowl, 1979).  Tabular intrusions of med ium- to fine-grained  biotite leuc ogranite have intrud ed  the quartz 
monzonite and  old er roc ks. 
 
The struc ture of the northern D ome R oc k M ountains is d ominated  by fold s, shear zones, and  fabric s of the 
M aria fold -and -thrust belt, an east-west belt c harac terized  by basement-involved  M esozoic d eformation that 
extend s from west-c entral Arizona into the eastern M ojave D esert of California (R eynold s et al., 1986; 
L aubac h et al., 1989; S penc er and  R eynold s, 1990).  In the D ome R oc k M ountains, this d eformation is best 
exemplified  in the Boyer G ap area near the northern ed ge of the M id d le Camp M ountain quad rangle, where 
previous d etailed  mapping stud ies have d oc umented  multiple phases of d eformation (Yeats, 1985; 
Boettc her, 1996). 
 
Boettc her and  M osher (1998) d esc ribed  three phases of d eformation at Boyer G ap.  The first phase (D 1) 
prod uc ed  a rec umbent isoc linal sync line (F 1) with amplitud e of at least 2 km, opening to the north or 
northwest and  c ored  by P ennsylvanian and  P ermian roc ks of the S upai G roup, d uring late M id d le Jurassic  
magmatism.  Bed d ing (S 0) was transposed  into parallelism with the S 1 foliation, forming a c omposite S 0-S 1 
fabric .  The F 1 fold  was refold ed  d uring D 2 by tight to isoc linal, rec umbent, south- to southwest-verging fold  
nappes and  sheath fold s (F 2) that prod uc ed  elliptic al interferenc e patterns within the P aleozoic roc ks.  F 2 
fold s, gently to mod erately northeast-d ipping axial-planar S 2 foliation, and  northeast-plunging elongation 
lineation (L2) formed  d uring mid - to L ate Cretac eous greensc hist- to amphibolite-facies metamorphism.  The 
S 2 foliation is generally expressed  as sc histosity in metased imentary roc ks and  as protomylonitic to 
mylonitic fabric  in plutonic roc ks.  D 2 led  to d evelopment of a broad  zone of d istributed  shear and  thrust-
sense shear zones, inc lud ing the Tyson thrust at the northern ed ge of the map area whic h juxtaposed  

P roterozoic augen gneiss over Triassic  metased imentary roc ks.  Yeats (1985) d oc umented  a steeply to 
mod erately north-d ipping mylonite zone in granitoid  roc ks on the south sid e of Boyer G ap in whic h D 2 
fabric s have been overprinted  loc ally by mylonite and  ultramylonite with a gently west-northwest-plunging 
lineation, in whic h S -C fabric s ind ic ate sinistral sense of shear attributed  to late-D 2 transpression.  The third  
phase of d eformation (D 3) formed  small northeast-verging fold s, northeast-d ipping non-penetrative S 3 
c leavage, and  mylonite with top-to-northeast shear sense.  The Tung Hill shear zone, whic h shows evid enc e 
of both D 2 and  D 3 shearing, was reac tivated  as a normal-sense shear zone d uring D 3.  D 3 postd ated  the 
metamorphic peak and  is interpreted  as reflec ting L ate Cretac eous gravity-d riven extension of roc ks 
thic kened  by D 1 and  D 2 c ontrac tion and  weakened  by metamorphic fluid s generated  d uring and  after D 2 
(Boettc her and  M osher, 1998; Boettc her et al., 2002). 
 
S outh of the Boyer G ap area, northeast-d ipping foliation is well-d eveloped  in P roterozoic roc ks and  
sporad ic ally in Jurassic  plutonic roc ks, generally as a weak protomylonitic foliation punc tuated  by d isc rete 
mylonite zones a few meters to tens of meters thic k.  The old est c omponent of the Jurassic  plutonic c omplex 
(unit Jm) is ubiquitously foliated , while the youngest intrusions (unit Jlg) are rarely foliated  and  typic ally only 
near c ontac ts with other units.  This suggests that the foliation in these roc ks is Jurassic  (S 1) or a c omposite 
S 1-S 2 fabric , although the abund anc e of biotite in the old er roc ks may have led  to preferential foliation 
d evelopment in them.  In the M arquitta P ass area, a shear zone along the c ontac t between unit Jm and  
other roc ks is up to 300 m thic k (mapped  as unit Jmt where tec tonite has been d erived  from mixed  
protoliths).  Along strike to the northwest, mylonitic fabric  is d istributed  in narrow zones within unit Jg and  
Jlg, the thic kest being 50 m.  R oc ks in the M arquitta shear zone loc ally d isplay a gently plunging elongation 
lineation.  Field  observations suggest the presenc e of d extral S -C fabric  (not yet c onfirmed  petrographic ally), 
implying that this zone may be antithetic to the Boyer G ap shear zone in the c ontext of late-D 2 sinistral 
transpression proposed  by Yeats (1985). 
 
S uprac rustal roc ks in the southern part of the quad rangle d isplay steeply d ipping bed d ing (in units JXu and  
JXq) and  gently d ipping synmetamorphic foliation.  The foliation ranges from a spac ed  sc histosity in the 
more silic eous roc ks to a well-d eveloped  phyllonitic foliation in porphyroc lastic sc hist.  M ost of the roc ks 
south of Interstate 10 exhibit northeast-d ipping foliation, whereas gently southwest d ipping foliation is 
pred ominant north of the highway.  The synformal fold  of the foliation has no assoc iated  c leavage and  
postd ates the metamorphic peak; it is interpreted  as an F 3 struc ture, although its age relative to D 3 in Boyer 
G ap is unc ertain.  The trend  and  plunge of the F 3 synform vary along its trac e suc h that the pattern of fold ed  
sc histosity exhibits basinal and  d omal warps, notably near S ugarloaf P eak.  This effec t appears to be an 
interferenc e pattern resulting from refold ing of the F 3 synform by north- to northwest-plunging open fold s, 
here interpreted  as F 4. 
 
M ineral d eposits in the M id d le Camp M ountain quad rangle are of several types.  L ate Cretac eous tungsten 
skarns (K eith et al., 1983) hosted  in P aleozoic c alc silic ate roc ks north of Boyer G ap were mined  d uring the 
1940s and  1950s (http://www.mind at.org/loc-33552.html).  Gold , assoc iated  with extensive hyd rothermal 
alteration of Jurassic  metavolc anic roc ks in the S ugarloaf P eak area, has been targeted  in rec ent exploration 
(S mith, 2016).  G old  mineralization there oc c urs in quartz veins and  stoc kworks and  is d isseminated  in 
altered  wallroc ks.  P eripheral zones of argillic alteration have been prospec ted  for pyrophyllite and  alunite.  
G old -bearing quartz veins in sc hist and  tec tonized  Jurassic  plutonic roc ks near M arquitta P ass and  near the 
west ed ge of the map area north of Interstate 10 (the G ood man vein) have intermittently supported  small 
mining operations, d ating to the late 1800s (Jones, 1915).  And  gold  plac er d eposits in the alluvium of the 
M id d le Camp area, d isc overed  in the 1860s, are a c ontinuing foc us of enthusiastic prospec ting and  mining 
ac tivity. 
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Active channel deposits of Tyson Wash - D eposits c onsist of unc onsolid ated  gravel ranging from pebbles to
small bould ers, and  sand  with minor silt and  c lay. Topography is und ulating between gravel bars and
mod estly inc ised  c hannels. M inimal vegetation d ue to relatively frequent flow events, and  no soil
d evelopment.

Qyct

Younger intermediate terrace deposits associated with Tyson Wash - P oorly sorted  c obble, pebble, sand
d eposits, with minor silt, c lay, and  bould ers preserved  in intermed iate remnant terrac es. Clasts c onsist of a
mixture of silicic lastic roc k types, inc lud ing intermed iate to mafic volc anic roc ks. D eposits are extensive
along the margins of Tyson W ash, and  are typic ally 5 to 10 m above ac tive c hannels. Terrac e surfac es are
quite planar and  d arkly varnished . 

Qi3t

Pliocene alluvial fan deposits

Bedrock map units

Old fan deposits - L oc ally d erived  alluvial fan d eposits forming d eeply erod ed  rid ges. O riginal fan surfac es
are erod ed , leaving round ed  rid ge c rests. Clasts on the surfac e are c oarse, often c obbles and  small
bould ers, whic h are strongly varnished .

QTa

McCoy Mountains Formation ? - S c hist and  slate d erived  from siltstone, interlayered  with fine-grained
semipelitic sand stone and  quartzite.  The unit c rops out in a small, isolated  bed roc k inlier near the south
ed ge of the quad rangle.

KJs

Leucogranite - M ed ium- to fine-grained , equigranular to slightly porphyritic  leuc ogranite, forms sheet-like
intrusions that mostly d ip northeast to north.  W hite on fresh surfac es, the roc k is weathered  white, although
joint surfac es exposed  over large areas on northeast-fac ing slopes are weathered  rusty yellow-brown and
are c ommonly c oated  with d ark-brown d esert varnish.  S ome intrusions are c ompositionally zoned , with
med ium-grained  syenogranite pred ominant in the basal parts and  med ium- to fine-grained  alkali granite in
the upper parts.  The syenogranite c ontains up to 20% pale-green altered  plagioc lase and  5% biotite, and
K -feld spar loc ally forms sparse phenoc rysts up to 1 c m.  The alkali phase is c omposed  of 2-5-mm
K -feld spar and  30-35% 2-3-mm quartz, and  c ontains only trac e-2% fine-grained  aggregates of mafic
minerals inc lud ing biotite and  magnetite.  Contac ts between the two phases range from grad ational to
sharp, with the alkali phase c learly younger.  S outh of G onzalez W ash near the southwest c orner of the
quad rangle and  along the floor of the c anyon near M arquitta M ine the granite has been hyd rothermally
altered , exhibiting silicific ation, quartz-sericite-pyrite alteration, and  quartz-musc ovite greisen.  The
leuc ogranite has been interpreted  as part of a regional suite that ranges in age from 163-158 M a (Tosd al
and  W ood en, 2015).  A sample d ated  by Boettc her et al. (2002) from near D iablo P ass revealed  c omplex,
d isc ord ant U-P b d ata, that they interpreted  as ind ic ating an age between 161 and  158 M a.

Jlg

Megacrystic quartz syenite - Q uartz syenite c ontaining 3-50% gray to purple K -feld spar megac rysts ranging
from <1 c m to >15 c m in a med ium- to fine-grained  ground mass of quartz, K -feld spar, biotite, and
plagioc lase with sec ond ary epid ote, c hlorite, and  minor musc ovite.

Jgs

Middle Camp quartz monzonite and monzogranite - M ed ium-grained  porphyritic  quartz monzonite,
monzogranite, granod iorite, and  minor quartz monzod iorite, c harac terized  by purple-gray K -feld spar that
c ommonly forms phenoc rysts 1-2 c m ac ross, med ium- to fine-grained  plagioc lase that c ommonly is a
greenish c olor from partial replac ement by seric ite and  epid ote, and  15-35% fine-grained  aggregates of
mafic minerals.  The mafic aggregates are typic ally ~1 c m ac ross, loc ally d efine a heterogeneous foliation,
and  c onsist of c onspic uous biotite, subord inate hornblend e, and  trac es of titanite.  The roc k is light green to
green-gray and  is weathered  d ark green-gray to d ark brown.  D espite the range in c omposition, this unit is
texturally and  c ompositionally homogeneous over large areas, with c ompositional variation mainly between
d ifferent intrusions within the unit and  near c ontac ts between intrusions.  U-P b zirc on ages for this suite
range from 167-163 M a regionally (Tosd al and  W ood en, 2015), and  samples from within the map area
ind ic ate a preferred  age of 164 +/- 1 M a (Boettc her et al., 2002).

Jg

Fanglomerate - P oorly sorted , light brown to med ium gray c onglomerate and  c onglomeratic  sand stone with
angular to subround ed  c lasts of loc al metamorphic  roc ks, granitoid s, and  other silic eous roc ks. In the
southeastern portion of the M id d le Camp quad rangle, this unit is sand -supported  with loc ally abund ant
subround ed  pebble size grains of fine-grained  c arbonate. L oc ally this unit is mod erately c onsolid ated . S and
grains c onsist of med ium to fine grained  quartz and  lithic  sand  grains, subangular to subround ed . This unit
is interpreted  as representing sand y and  gravelly proximal to mid -alluvial fan d eposits. This generalized  unit
is used  for fanglomerate d eposits where their relationship to Bouse and  Bullhead  d eposits is unc ertain,
however, in the southeastern portion of the M id d le Camp quad rangle unit Tfg is overlying unit Tc s
unc onformably with low relief. Unit Tfg in this area is generally nond eformed  although frac tures and  minor
faults and  fold ing are evid ent. 

Tfg

Other Units

Tyson Wash deposits

Piedmont alluvial units

Colorado River deposits

Disturbed - Heavily d isturbed  or altered  ground  associated  with mine d umps, highways, exc avation, and
munic ipal d evelopment. O riginal geologic features are c onc ealed  or obsc ured .d

Colluvium and talus - P oorly sorted , angular to subangular, weakly to massively bed d ed , loc ally d erived
hillslope d epositsQtc

Tyson Wash deposits in low terraces and small channels - D eposits ad jac ent to larger ac tive c hannels,
inc lud es gravel, sand  and  minor silt and  c lay d eposits in smaller c hannels, bars, low terrac es, or flood plain
areas.D eposits are  unc onsolid ated , relatively well-vegetated , and  have minimal soil d evelopment. 

Qy3t

Tyson Wash deposits in low terraces and overbank areas - L ow terrac e and  flood plain d eposits loc ated
primarily along the flanks of larger c hannels. These d eposits c onsist of unc onsolid ated  sand , silt, and  minor
c lay with sub-round ed  to sub-angular pebble to c obble bars on the surfac e and  bed s and  lenses in c ross
sec tion. Vegetation is relatively d ense and  soil d evelopment is minimal.

Qy2t

Tyson Wash deposits in slightly higher terraces - G ravel and  sand  d eposits in slightly to mod erately
varnished  terrac es along Tyson W ash. Q y1t d eposits are sand y to pebbly in swales, with c oarser lightly
varnished  pebble to c obble bars. Terrac e surfac es typic ally are 2m or less above ac tive washes. S oil
d evelopment is weak, and  vegetation in typic ally sparse.

Qy1t

Old intermediate terrace deposits associated with Tyson Wash - P oorly sorted  c obble, pebble, sand
d eposits, with minor silt, c lay, and  bould ers d eposited  by anc estral Tyson W ash. Clasts c onsist of a mixture
of silicic lastic  roc k types, inc lud ing intermed iate to mafic volc anic roc ks similar to assemblages in the
mod ern Tyson W ash. D eposits are found  along the margins of Tyson W ash, typic ally 5 to 8 m thic k, and
overlie old er pied mont d eposits and  Bullhead  alluvium unit Tc b.  R are planar remnants assoc iated  with
these d eposits are assoc iated  with old er Q i2 pied mont d eposits found  at similar elevations and  are thought
to be similar in age. Q i2t d eposits are 10 to 20 m above Tyson W ash. S c arps roughly c olinear with the
mod ern-d ay Tyson W ash are present near the elevation of these d eposits and  are interpreted  to be
assoc iated  with inc ision into old er d eposits d uring this time.  

Qi2t

Oldest intermediate terrace deposits associated with Tyson Wash - P oorly sorted  c obble, pebble, sand
d eposits, with minor silt, c lay, and  bould ers d eposited  by anc estral Tyson W ash. Clasts c onsist of a mixture
of silicic lastic  roc k types, inc lud ing intermed iate to mafic volc anic roc ks similar to assemblages in the
mod ern Tyson W ash. D eposits are found  along the margins of Tyson W ash, are typic ally 5 to 8 m thic k, and
overlie old er pied mont d eposits and  Bullhead  alluvium unit Tc b. R are planar remnants assoc iated  with
these d eposits are assoc iated  with old er Q i1 pied mont d eposits found  at similar elevations and  are thought
to be similar in age. Q i1t d eposits are 15 to 25 m above Tyson W ash. S c arps roughly c olinear with the
mod ern-d ay Tyson W ash are present near the elevation of these d eposits and  are interpreted  to be
assoc iated  with inc ision into old er d eposits d uring this time.  

Qi1t

Young sand and minor gravel along active drainages - R eworked  sand  and  fine gravel in and  along ac tive
d rainages where sourc e d eposits are pred ominantly sand . L oc ally inc lud es c oarser gravel d eposits in
proximity to bed roc k or old er fan d eposits.

Qys

Young sheet sand and minor gravel - Interd une and  laterally extensive sheet sand  and  small d unes. Areas
c overed  primarily by sand , with absent to minor gravel, silt and  c lay; not spatially assoc iated  with d rainages.
P erc ent c overage of sand  is variable, but typic ally is >50 perc ent, Inc lud es small areas of gravel lag, and
erod ed  fine-grained  d eposits.

Qsi

Deposits in active channels, low terraces and bars - P ied mont alluvial d eposits loc ated  along ac tive
d rainages inc lud ing small c hannels, ad jac ent low terrac es, or flood plain areas. Q y3 d eposits are c omposed
of unc onsolid ated , unvarnished  sand , gravel, and  silt d eposits. 

Qy3

Young terrace deposits - L ow terrac e d eposits loc ated  primarily along the flanks of inc ised  d rainages and
low-relief terrac es inset into P leistoc ene age fan d eposits. These d eposits c onsist of unc onsolid ated  sand ,
silt, and  minor c lay with sub-round ed  to sub-angular pebble to c obble bars on the surfac e and  bed s and
lenses in c ross sec tion. S oil d evelopment is weak to absent, and  very light roc k varnish is found  loc ally on
gravel bars. 

Qy2

Slightly higher terrace and alluvial fan deposits - D eposits form slightly to mod erately varnished  planar
terrac es along larger pied mont d rainages and  young relic t alluvial fan d eposits on lower pied mont areas.
Q y1 d eposits are c omposed  of sand y to pebbly swales with c oarser unvarnished  to very lightly varnished
pebble to c obble bars, and  partially overlie P leistoc ene d eposits in some areas. 

Qy1

Young alluvium, undifferentiated - P oorly sorted  d eposits inc lud ing pebbles, c obbles, sand , minor silt and
c lay, and  loc ally bould ers. Assoc iated  with ac tive and  rec ently ac tive washes, and  slightly higher terrac es
with mod est roc k varnish, minimal soil d evelopment.

Qy

Youngest intermediate alluvium - P ebble, c obble, and  sand  d eposits in low terrac es and  alluvial fans.
M od erate varnish on c lasts, mod erate gravel lags to weak pavements, but pavements not as well
d eveloped  as Q i3. S oil d evelopment is weak to mod erate. S urfac es are mod erately und ulating, but may be
smooth if d eposits c onsist of fine gravel and  sand . 

Qi4

Intermediate alluvial fan and terrace deposits - G ravel and  sand  d eposits with mod erate to light d esert
pavements, d ark roc k varnish, forming relic t alluvial fans and  intermed iate terrac es. Unit thic kness is less
than 5 m. S oil d evelopment is mod erate, with slight red d ening, minor c lay ac c umulation, and  c alc ic  horizon
d evelopment stage II-III. 

Qi3

Older intermediate alluvial fan and terrace deposits - G ravel and  sand  d eposits, with minor silt and  c lay,
assoc iated  with mod erately erod ed  relic t alluvial fans and  intermed iate terrac es. R oc k varnish is typic ally
d ark, with orange varnish on the und ersid es of surfac e c lasts. D esert pavement d evelopment is variable,
quite strong on well-preserved  surfac es and  mod erate to weak on more erod ed  surfac es. N ear-surfac e soil
horizons are d istinc tly red d ened . Inc ision of mod ern washes below Q i2 surfac es ranges from 1 to 10 m, and
Q i2 surfac es are typic ally 1-10 m higher in the land sc ape than ad jac ent Q i3 surfac es. Unit thic knesses up
to 7 m were observed , but thic knesses of 2 to 3 m are typic al.

Qi2

Older Intermediate alluvial deposits - P oorly sorted  c obble, pebble, sand  d eposits, with minor silt, c lay, and
bould ers. D eposits are found  c apping mod erately high rid ges, and  typic ally are 15 to 25 m above ac tive
washes. P lanar surfac es are generally fairly narrow and  margins are substantially round ed . D eposits
typic ally are a few meters thic k over und erlying fan d eposits or Bullhead  alluvium. S oil d evelopment ranges
from strong on well-preserved  surfac es to weak to mod erate on erod ed  slopes. 

Qi1

Intermediate alluvial deposits - S tream terrac e and  relic t alluvial-fan d eposits with weak to strong soil
d evelopmentQi

Bullhead Alluvium - Unc onsolid ated  to mod erately c onsolid ated  well-round ed  to subangular c obbles and
pebbles, inc lud ing a substantial portion that are exotic , quartz-ric h sand , and  lesser amounts of silt and
c lay. R ound ed  pebbles and  c obbles of primarily quartzite, c hert, and  other resistant roc k types. S urfac es of
these d eposits are c ommonly mantled  by gravel, and  gravel bed s are c ommon, but sand  may be d ominant
partic le size. D eposits are exposed  from about 170 m asl along Tyson W ash to 260 m asl in the
Copperstone M ine. Areas in the northern part of the M oon M ountain S E quad rangle are mapped  as
Bullhead  Alluvium if there is an obvious round ed , exotic gravel c omponent in the surfac e lag.

Tcb

Old silt, clay and sand - Q uartz-ric h sand , silt and  mud  d eposits c apped  by younger P leistoc ene units
mapped  south of Tyson W ash. Unit Tc s exhibits thin to med ium bed d ing and  is oc c asionally massive.
Q uartz-ric h sand  bed s thin, laminated , and  oc c asionally massive. S and  grains are typic ally very well sorted
and  well-round ed  to sub-round ed  and  c ommonly exhibit c ross-laminations. Unit Tc s interfingers with
loc ally-sourc ed  tributary fan d eposits. This unit is probably fine-grained  Bullhead  Alluvium or silicic lastic
d eposits of the Bouse F ormation, but may be younger fine-grained  d eposits. In the southeastern part of the
M id d le Camp quad rangle this unit is c apped  by unit Tfg. 

Tcs

Dome Rock volcanic assemblage - These roc ks are altered  and  metamorphosed  c orrelatives of the D ome R oc k
sequenc e of Tosd al et al. (1989), and  inc lud e rhyod ac itic to rhyolitic  volc anic  roc ks (pred ominantly ignimbrite) and  
related  shallow-level intrusions. The assemblage is here subd ivid ed  based  on present mineralogy and  texture, whic h
are largely a func tion of hyd rothermal alteration and  d eformation but may reflec t protolith mineralogy.  A unifying
c harac teristic is the presenc e of embayed  monoc rystalline quartz phenoc rysts in all of these roc ks.  F eld spar phenoc rysts 
are also present in most of the roc ks, but extensive alteration makes id entific ation of their original c omposition, and  that 
of other c onstituents, problematic both in the field  and  in thin sec tion.

Middle Camp monzogranite with diorite inclusions - M ed ium-grained  monzogranite and  granod iorite like unit
Jg with 25-50% inc lusions of fine-grained  to aphanitic  d iorite or quartz d iorite.  The inc lusions range from
several c m to tens or hund red s of meters ac ross, c ommonly have round ed  perimeters, and  d isplay uniform
fine-grained  texture; they are interpreted  as xenoliths.

Jgd

Quartz porphyry - P ink to white, aphanitic , quartzofeld spathic roc k c ontaining 5-7% phenoc rysts of
polyc rystalline quartz that range from spheric al (2-5 mm in d iameter) to elongate (up to 10 mm long), loc ally
d efining a pronounc ed  lineation.  F eld spar c rystal fac es 3-4 mm ac ross are rarely visible, and  1-2%
tourmaline is seen in thin sec tion.  F rac tures and  weathered  surfac es are stained  d ark red -brown from
hematite.  Contac ts with the M id d le Camp granite of unit Jgd  range from abrupt to c ryptic ; toward  the
c ontac t the monzogranite bec omes fine-grained , exhibits a d ec rease in biotite c ontent, and  quartz takes the
form of round  phenoc rysts 3-5 mm in d iameter, similar to those in the porphyry.  Unit Jp is tentatively
interpreted  as a bord er phase of unit Jgd  granite.

Jp

Fine-grained quartz monzonite and derived schist - F ine- to med ium-grained  biotite quartz monzonite,
typic ally d ark green to green-gray and  exhibiting foliation d efined  by preferred  orientation of biotite and
greenish-yellow streaks of epid otized  plagioc lase.  The roc k is c omposed  of 35-45% K -feld spar, 25-40%
plagioc lase (almost c ompletely replac ed  by epid ote), 10-15% quartz, and  20-30% biotite.  About half of the
quartz forms partial pseud omorphs of feld spar and  the remaind er forms interstitial polyc rystalline
aggregates.  In zones of high strain and  near c ontac ts with sc histose units (especially Jmt and  JXu), this
roc k grad es to quartz-feld spar-epid ote-biotite sc hist, and  those c ontac ts tend  to be c ryptic  and  transposed .

Jm

Quartz monzonitic tectonite - F ine-grained  quartz-biotite-feld spar sc hist, green-gray, weathered  brown to
gray-green, loc ally c ontaining feld spar porphyroc lasts 1-3 mm.  This is a tec tonite d erived  in part from
fine-grained  quartz monzonite (unit Jm) and  in part from other roc ks, inc lud ing a fine-grained  granitoid
c ontaining sparse 5-10-mm K -feld spar phenoc rysts and  ~15% biotite that is interpreted  as a bord er phase
of the M id d le Camp quartz monzonite.

Jmt

K-feldspar porphyry and derived schist - F ine-grained  quartz-feld spar porphyry c ontaining 1-3% 1-3-mm
quartz phenoc rysts, 10-20% variably altered  K -feld spar phenoc rysts >2 mm (inc lud ing 2-8% that are
5-20 mm), 15-20% green altered  plagioc lase 1-5 mm, and  10-15% fine-grained  mafic aggregates, in a
light-green, rec rystallized , variably sc histose ground mass c omposed  of mic roc rystalline quartz,
feld spar, seric ite, and  c hlorite.  The mafic aggregates are c omposed  of c hlorite, seric ite, epid ote, and
opaque oxid e minerals with relic t biotite and  minor hornblend e.  This roc k is interpreted  as having been
emplac ed  as a hypabyssal or epizonal intrusive.

Jpk

Biotite-quartz-feldspar metarhyodacite and derived schist - Light green to green-gray porphyritic roc ks
c ontaining up to 40% phenoc rysts, inc lud ing 5-10% quartz (2-5-mm), trac e-3% K -feld spar (1-3 mm), up
to 35% highly altered  plagioc lase up to 1 mm, and  3-5% biotite (in part altered  to hematite and  c hlorite),
in a light-green-gray ground mass of mic roc rystalline quartz, seric ite, and  epid ote.  M uc h of the
plagioc lase has been c ompletely replac ed  by mic roc rystalline sericite, epid ote, and  quartz.  S ome
altered  grains are elongate and  angular and  may have originally been fragmented  plagioc lase, lithic
grains, or glass shard s.  P rotoliths of these roc ks probably inc lud ed  ignimbrite and  related  hypabyssal
intrusions.  The mineralogy is in part a prod uc t of propylitic  alteration and  subsequent metamorphism. 
N ear c ontac ts with unit Jqs the roc k grad es to porphyroc lastic  biotite-epid ote-seric ite sc hist.

Jqb

Porphyroclastic quartz-sericite schist - Q uartz-seric ite and  quartz-feld spar-seric ite sc hist with sparse
2-3-mm quartz porphyroc lasts (relic t phenoc rysts) and  loc ally c ontaining >10% plagioc lase and
K -feld spar porphyroc lasts (1-2-mm) in a matrix of mic roc rystalline quartz and  sericite.  The roc k is white
to pink to light green-gray and  forms white-weathered  slopes with thin resistant led ges weathered  d ark
brown.  This unit is interpreted  as the phyllic -altered  and  sheared  equivalent of unit Jqr, whic h internally
grad es into intervals of id entic al sc hist.  S outheast of S ugarloaf P eak, this unit loc ally c ontains
abund ant pyrophyllite and  some kyanite.  S everal old  mine workings targeted  the pyrophyllite and  also
alunite veins (S mith, 2016).

Jqs

Quartz-feldspar metarhyolite and derived schist - P laty metarhyolite and  sericite-quartz-feld spar sc hist
c ontaining phenoc rysts of quartz (1% to >5%, 1-5 mm) and  feld spar (<1% to >10%, <1 to 2 mm) in
a mic roc rystalline ground mass of quartz and  sericite that ranges from light pinkish-gray to pink to light
green.  F eld spar phenoc rysts inc lud e white to pink K -feld spar and  subord inate altered  plagioc lase.  In
some plac es up to 40% feld spar phenoc rysts are present, although they are highly altered  to seric ite
and  are mantled  by mic roc rystalline quartz and  seric ite that grad e into the enveloping matrix.  The unit
forms d ark-brown-weathered  resistant c liffs and  platy led ges that c ontain seric itic partings and  that
grad e to slope-forming intervals of white to light green-gray quartz-feld spar-seric ite sc hist id entic al to
unit Jqs.  The alteration assemblage in the resistant intervals is quartz-seric ite-pyrite.  The protolith of
unit Jqr was rhyolite or rhyod ac ite ignimbrite.

Jqr

Silicified metarhyolite porphyry - M etarhyolite like Jqr with intense silicic  alteration, this unit forms
massive outc rops and  c liffs.  Q uartz phenoc rysts are loc ally preserved , remnants of altered  feld spar
phenoc rysts are rare, and  the ground mass has typic ally been replac ed  by massive mic roc rystalline
quartz.  Q uartz stringer veinlets and  d isseminated  pyrite are c ommon.

Jrs

Granitic rocks and schist - M id d le Camp granite (units Jg, Jgd ) and  sc histose c ountry roc ks (JXu)
und ifferentiated .JXgu

Quartzite - F ine-grained  silic eous metased imentary roc ks, mainly fine-grained  to very-fine-grained  quartzite
with a few thin mic ac eous layers.  G reen d ioritoid  intrusions are c ommon.JXq

Heterogeneous schist - Inc lud es a variety of metased imentary and  metaigneous roc ks that generally exhibit
c ryptic , transposed  c ontac t relationships, both between various c omponents of this unit and  with ad jac ent
sc hist units.
     M etased imentary c omponents inc lud e fine- to med ium-grained  quartzofeld spathic  metasand stone,
biotite-quartz-feld spar semipelite, and  pelitic  biotite-quartz-seric ite sc hist.  M etasand stone is very fine- to
med ium-grained , thin- to med ium-bed d ed , in part mic ac eous, loc ally c ontains epid ote, is light tan to light
green, and  some layers c ontain small pebbles.  P elitic  and  semipelitic  sc hists are fine-grained  and
weathered  light brown to light gray.
     M etaigneous c omponents inc lud e olive-green to d ark-gray quartz-feld spar-epid ote-biotite sc hist that
c ontains variable amounts of sericite and  loc ally c ontains quartz and  feld spar porphyroc lasts up to 1 mm. 
S outh of G onzalez W ash this sc hist loc ally grad es into a small remnant of fine-grained  quartz monzonite
resembling unit Jm.  Another type of sc hist, d erived  from a biotite granitoid (?) roc k (possibly M id d le Camp
granite), is light gray quartz-biotite-seric ite sc hist with 1-c m seric ite aggregates that appear to be
pseud omorphs after flattened  and  transposed  feld spar phenoc rysts.  Aplitic leuc ogranite is loc ally
abund ant, and  ranges from massive with sharp c ontac ts to fine-grained , white, quartz-seric ite sc hist with
transposed  c ontac ts.

JXu

Tung Hill metasedimentary rocks - S uc c ession of quartzofeld spathic mic a sc hist and  mic ac eous marble 
with layers of quartzite and  quartz-pebble metac onglomerate.  The sc hist is fine- to med ium-grained , thin-
layered , green-gray to green, and  weathers olive brown.  Q uartz-musc ovite-kyanite sc hist is loc ally present 
(Boettc her, 1996).  M ic ac eous c alc itic  marble is med ium- to c oarse-grained  and  weathered  yellow-brown.
This assemblage is assigned  a Triassic  age (Yeats, 1985; Boettc her, 1996) based  on c orrelation with the 
Buc kskin F ormation (R eynold s et al., 1987) exposed  in nearby ranges.

^s

Supai Group - Calc silic ate, c alc areous quartzite, and  marble.  The basal part is light-green- to
olive-brown-weathered  c alc areous sc hist and  quartzite.  This is overlain by d ark-brown-weathered  quartzite
interlayered  with light-brown-weathered  marble c omposed  almost entirely of wollastonite; marble bec omes
more abund ant higher in the stratigraphic sec tion.  The upper part of the S upai G roup is not exposed  in the
map area.

P*s

Marble and calcsilicate - Carbonate-d ominated  suc c ession that inc lud es equivalents of the Cambrian M uav
Limestone, D evonian d olostone (Temple Butte), and  M ississippian R ed wall L imestone.  The lower part of
the M uav marble c onsists of c oarse-grained , gray-weathered  marble, interlayered  with
light-brown-weathered  mic ac eous marble.  The upper part of the M uav is fine- to med ium-grained , foliated ,
tan-weathered  marble with d isc ontinuous layers of fine-grained , massive, white-weathered , c alc itic  and
minor d olomitic  marble.  N orth of Boyer G ap the M uav is c apped  by a heterogeneous suc c ession of
d ark-green- to light-brown-weathered  c alc silic ate gneiss, quartzite, sc hist, and  marble.  N orth of D ome
Basin mine, the M uav marble is stratigraphic ally overlain (struc turally und erlain there) by massive,
light-tan-weathered , d olomitic  marble of probable D evonian age.  This is stratigraphic ally overlain
(struc turally und erlain) by white c alcitic  marble c orrelated  with R ed wall L imestone.

M_m

Bright Angel schist - D ark greenish-gray, med ium-grained  quartz-musc ovite-biotite sc hist with minor thin
layers of quartzite.  Bec omes c alc areous up-sec tion with d isc ontinuous meter-thic k epid ote-bearing layers._ba

Tapeats quartzite - M ed ium- to fine-grained  quartzite, mic ac eous quartzite, and  musc ovite-quartz sc hist. 
The lower part is thic k- to med ium-layered  and  exhibits heavy-mineral laminations and  loc al c rossbed d ing. 
The upper part is fine-grained  laminated  quartzite with interlayered  quartz-musc ovite sc hist.  The roc ks are
gray and  are weathered  d ark brown.

_t

Metasedimentary rocks - Coarse-grained  feld spathic quartzite, quartz-mic a sc hist, mic ac eous marble._u

Metadiorite and mafic schist - F ine- to c oarse-grained  amphibole sc hist c omposed  of 30-50% hornblend e,
10-40% ac tinolite, 35-40% rec rystallized  plagioc lase.Yd

Granitic augen gneiss - M egac rystic granitic augen gneiss c ontaining 10-40% K -feld spar porphyroc lasts
(relic t megac rysts) 1-5 c m long in a med ium- to fine-grained  sc histose matrix of plagioc lase, quartz, 15-25%
fine-grained  biotite, and  K -feld spar. G enerally of monzogranite c omposition.

Yg

Feldspar-porphyroclastic schist - F ine-grained , foliated , quartzofeld spathic roc k with up to 10% relic t
feld spar phenoc rysts that typic ally are 2-4 mm.  In thin sec tion, the feld spar is broken and  rec rystallized  and
inc lud es both plagioc lase and  K -feld spar in lentic ular d omains.  There are also lentic ular d omains of
fine-grained  polyc rystalline quartz and  quartz-feld spar aggregates.  These and  the feld spar d omains are
enc losed  in a foliated  matrix of mic roc rystalline quartz, feld spar, and  seric ite.  Yeats (1985) reported  that
this unit loc ally c ontains up to 60% stretc hed  and  rec rystallized  aggregates of quartz and  feld spar 1-20 mm
long.  The roc k is interpreted  as a sheared  and  rec rystallized  intrusive roc k.  S r and  N d  isotopic d ata from a
single sample of the unit, whic h inc lud e a c alc ulated  N d  mod el age of 2.1 G a, c learly ind ic ate a P roterozoic
age (L erc h et al., 1991).

YXp

Schist - F ine-grained  feld spathic  and  mic ac eous quartzite, psammitic  to semipelitic  biotite-feld spar-quartz
sc hist, and  quartz-biotite-ac tinolite sc hist.  The quartzite is light tan, weathered  tan to brown, and  exhibits
metamorphic  layering d efined  mainly by seams of sericite and  fine-grained  musc ovite and  to some extent
by grain-size variation.  D ark-brown d esert varnish is c ommon throughout the unit.  S r and  N d  isotopic  d ata
from several samples of this unit inc lud e c alc ulated  N d  mod el ages of 1.9-2.3 G a and  c learly ind ic ate a
P roterozoic age (L erc h et al., 1991).

Xs

Symbols and Lines

Q uartz vein, showing d ip

Contac t, approximate
Contac t, grad ational
F ault, ac c urate
F ault, approximate
High-angle normal fault, ornament on hanging wall!

L ow-angle normal fault, ornament on hanging wall

D ip of fault
Thrust fault, ornament on hanging wall

Contac t, ac c urate

Trend  and  plunge of elongation lineation, top-up-plunge (reverse) shear sense
Trend  and  plunge of intersec tion of layering (S 0-S 1) on sc histosity (S 2)
Trend  and  plunge of F1/F 2 minor-fold  axis
Trend  and  plunge of F3 minor-fold  axis

S trike and  d ip of inc lined  bed d ing
S trike of vertic al bed d ing
S trike and  d ip of overtuned  bed d ing

S trike and  d ip of post-peak-metamorphic c leavage (S 3)
Trend  and  plunge of mineral elongation lineation (L2)
Trend  and  plunge of elongation lineation, top-d own-plunge (normal) shear sense

S trike and  d ip of main synmetamorphic tec tonic 
foliation (S 2; loc ally S 1, S 1-S 2, or S 2-S 3; see text)

F or simplicity, trac es of F1 fold s are not shown on the map

Axial-surfac e trac e of overturned  F 2 sync line
Axial-surfac e trac e of inverted  (antiformal) F 2 sync line
Axial-surfac e trac e of overturned  F 2 antic line
Axial-surfac e trac e of F3 synform
Axial-surfac e trac e of F4 antiform
Axial-surfac e trac e of F4 synform
Approximate axial-surfac e trac e of fold
Conc ealed  axial-surfac e trac e of fold
Axial-surfac e trac e of fold  showing plunge

L oc ation of c ross sec tionA A'


