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A g eolog ic map displays information on the distribu tion, natu re, orientation, and ag e relationships of rock and
deposits and the occu rrence of stru ctu ral featu res. G eolog ic and fau lt contacts are irreg u lar su rfaces that form
bou ndaries between different types or ag es of u nits. Data depicted on this g eolog ic qu adrang le map may be
based on any of the following : reconnaissance field g eolog ic mapping , compilation of pu blished and
u npu blished work, and photog eolog ic interpretation. Locations of contacts are not su rv eyed, bu t are plotted by
interpretation of the position of a g iv en contact onto a topog raphic base map; therefore, the accu racy of contact
locations depends on the scale of mapping  and the interpretation of the g eolog ist(s). Any enlarg ement of this
map cou ld cau se misu nderstanding  in the detail of mapping  and may resu lt in erroneou s interpretations. S ite-
specific conditions shou ld be v erified by detailed su rface mapping  or su bsu rface exploration. T opog raphic and
cu ltu ral chang es may not be shown du e to recent dev elopment.

Cross sections are constru cted based u pon the interpretations of the au thor made from g eolog ic mapping , and
av ailable g eophysical, and su bsu rface (drillhole) data. Cross sections shou ld be u sed as an aid to u nderstanding
the g eneral g eolog ic framework of the map area, and not be the sole sou rce of information for u se in locating  or
desig ning  wells, bu ilding s, roads, or other man-made stru ctu res.

T he N ew Mexico Bu reau  of G eolog y and Mineral Resou rces created the O pen-file G eolog ic Map S eries to
expedite dissemination of these g eolog ic maps and map data to the pu blic as rapidly as possible while allowing
for map rev ision as g eolog ists continu ed to work in map areas. Each map sheet carries the orig inal date of
pu blication below the map as well as the latest rev ision date in the u pper rig ht corner. In most cases, the
orig inal date of pu blication coincides with the date of the map produ ct deliv ered to the N ational Cooperativ e
G eolog ic Mapping  P rog ram (N CG MP ) as part of N ew Mexico’s S T AT EMAP  ag reement. W hile maps are
produ ced, maintained, and u pdated in an ArcG IS  g eodatabase, at the time of the S TAT EMAP  deliv erable, each
map g oes throu g h cartog raphic produ ction and internal rev iew prior to u ploading  to the Internet. Ev en if
additional u pdates are carried ou t on the ArcG IS  map data files, citations to these maps shou ld reflect this
orig inal pu blication date and the orig inal au thors listed. T he v iews and conclu sions contained in these map
docu ments are those of the au thors and shou ld not be interpreted as necessarily representing  the official
policies, either expressed or implied, of the S tate of N ew Mexico, or the U .S . G ov ernment.

T his draft g eolog ic map is preliminary and will u nderg o rev ision. It was produ ced from either scans of hand-
drafted orig inals or from dig itally drafted orig inal maps and fig u res u sing  a wide v ariety of software, and is
cu rrently in cartog raphic produ ction. It is being  distribu ted in this draft form as part of the bu reau 's O pen-file
map series (O FG M), du e to hig h demand for cu rrent g eolog ic map data in these areas where S T AT EMAP
qu adrang les are located, and it is the bu reau 's policy to disseminate g eolog ic data to the pu blic as soon as
possible.

After this map has u nderg one rev iew, editing , and final cartog raphic produ ction adhering  to bu reau  map
standards, it will be released in ou r G eolog ic Map (G M) series.  T his final v ersion will receiv e a new G M
nu mber and will su percede this preliminary open-file g eolog ic map.

M a pping of this qua dra ngle wa s funded b y a  m a tching-funds gra nt from  the S T AT EM AP progra m  of the
Na tiona l Coopera tive Geologic M a pping Act (Fund Num b er: _ _ _ _ _ _ _ _ _ _ _ ), a dm inistered b y the U . S .
Geologica l S urvey, a nd b y the New M exico Burea u of Geology a nd M inera l Resources, (Dr, Nelia  W.
Dunb a r,Director and State Geologist, Dr. J. M icha el T im m ons,Assoc. Director for Mapping Programs).
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Correlation of Map Units Description of Map Units
01-00-00-00-00—Heading  02—Qu aternary—Qu aternary—Qu aternary

01-01-00-00-00— U nit—Qal—Allu v iu m—Deposits of sand, g rav el and silt in main v alley bottoms; locally
inclu des stream terraces, allu v ial fans, and canyon wall collu v iu m; v alley floor allu v iu m is typically finer-
g rained, silt- and sand-dominated deposits with interbedded g rav el beds, whereas low terrace deposits are
predominantly sand and g rav el. Qal is mostly Holocene in ag e; maximu m thickness of v ariou s allu v iu m
deposits is u ncertain bu t may exceed 15 m (Canary yellow – P C916).
01-02-00-00-00— U nit—Qc (Qco)—Collu v iu m— P oorly sorted slope-wash and-mass wasting  deposits from local
sou rces; mapped only where extensiv e or where cov ering  critical relations; thickness can locally exceed 15 m
(S and – P C940).
01-03-00-00-00— U nit—Qta— T alu s deposits—Ang u lar rock-debris deposits at the heads of hig h cliffs in sou thern
map area; composed mostly of syenitic blocks (Moore et al., 1988) (S and – P C940).
01-04-00-00-00— U nit—Qt— T errace deposits—Deposits of pebble to bou lder size g rav el with a sandy matrix
u nderlying  terrace su rfaces located approximately 5 to 15 m abov e local base lev el; mapped only in u pper
S alazar Canyon; deposits are only a few meters thick (French g rey 20% - P C1069).
01-05-00-00-00— U nit—Qls—Landslides— P oorly sorted debris that has mov ed chaotically down steep slopes;
slu mps or block slides partially, to completely intact, that hav e mov ed down slope; slu mps and block slides
u su ally display some rotation relativ e to their failu re plane; ag es v ary from Holocene to mid- to late-P leistocene;
thicknesses v ary considerably depending  on the size and natu re of the landslide (Beig e – P C997).

01-06-00-00-00— U nit—Qaf— Allu v ial fans— T ypically fan-shaped deposits of coarse to fine g rav el and sand, silt,
and clay within and at the mou ths of v alleys; associated with present drainag es and u su ally not incised; g rades
into allu v ial deposits along  main channels; probably Holocene to middle P leistocene in ag e; maximu m exposed
thickness abou t 15 m (Deco yellow – P C1011).
01-07-00-00-00— U nit—Qg d— G lacial deposits—Bu ll Lake and P inedale ag e g lacial deposits at the head of the
north fork Rio Ru idoso on hig h slopes in sou thern map area (Moore et al., 1988) (W arm g rey 50% - P C1054).
01-08-00-00-00— U nit—Qbd— G lacial bou lder deposits— G lacial ou twash debris in sou theastern qu adrang le
composed of u nsorted bou lders, cobbles and pebbles of crystalline rocks eroded from the T hree Riv ers S tock
(Moore et al., 1988) (French g rey 70% - P C1074).
01-09-00-00-00— U nit—Qoa— O lder allu v iu m— O lder deposits of allu v iu m now u nderg oing  erosion in the
mou ths of some streams in northwest part of qu adrang le; maximu m thickness abou t 15 m (Lig ht peach –
P C927).
02-00-00-00-00—Heading  02— P lio-P leistocene— P lio-P leistocene— P lio-P leistocene

02-01-00-00-00— U nit—QT pg — P alomas G rav el—Fans of cou rse syenite-rich g rav el deposited in the sou theastern
map area (Moore et al., 1988) (Cool g rey 20% - P C1060).
03-00-00-00-00—Heading  02— O lig ocene to U pper Eocene— O lig ocene to U pper Eocene— O lig ocene to U pper
Eocene
03-01-01-00-00— U nit— T hbx—Mineralized hydrothermal breccia— W hite to pale g ray to orang e to blu e breccia
zones and pipes with secondary mineralization cau sed by sev ere hydrothermal alteration in and arou nd the
three major stocks; most are probably associated with hydrothermal explosions; most need su bstantially more
inv estig ation. T he Blu e Front Canyon deposit on S W  marg in of Bonito Lake stock consists of a 200-m-hig h
fau lted pipe of banded qu artz-alu nite-coru ndu m rock within W alker lav as (T wl); G reat W estern Mine deposit on
north edg e of T hree Riv ers stock consists of three alig ned silicified breccia pipes >1 km in leng th of qu artz with
minor Fe-oxides and pyrite; Elk P oint deposit on N W  ed g e of T hree Riv ers stock consists of similar silicified
breccia zone abou t 1.5 km long ; P arsons deposit in sou thern Rialto stock contains larg e blocks and frag ments of
intru siv e rocks in a silicified pipe cu t by a later dike; u nnamed deposit in Rialto stock east of N og al P ass consists
of two pipes of brecciated, silicified intru siv e rocks; ag e of breccia formation is assu med to post-date
emplacement of stocks; thickness and dimensions of each deposit are hig hly v ariable (V ermillion – P C921).

03-02-00-00-00—Heading  03—Bonito Lake S tock and Associated Dikes—Bonito Lake S tock and Associated
Dikes—Bonito Lake S tock and Associated Dikes
03-02-01-00-00— U nit— T fsd—Fine-g rained syenodiorite dikes—Fine-g rained syenodiorite dikes

03-02-02-00-00— U nit— T bs—Bonito Lake syenite to syenodiorite— G ray to salt-and-pepper, mediu m- to coarse-
g rained, hypidiomorphic g ranu lar syenite in northeast map area; contains plag ioclase, Kspar, minor qu artz
(≤2%), biotite, hornblende and clinopyroxene (T hompson, 1972; Black, 1978; Constantopou los, 2007); accessories
consist of apatite, sphene, zircon, ilmenite and mag netite; alteration minerals consist of epidote, chlorite, sericite
and Fe-oxides; marg ins of intru siv e body are g enerally dioritic containing  more plag ioclase and mafic minerals
than core syenite; commonly contains aplite dikes abou t 0.1 to 0.5 m wide consisting  of fine-g rained qu artz,
potassiu m feldspar, minor biotite and rare mag netite; interstitial qu artz often has g raphic textu re with Kspar. K-
Ar date on biotite is 26.6 ± 1.4 Ma (T hompson, 1972); maximu m exposed thickness abou t 425 m (P ink – P C929).

03-03-00-00-00—Heading  03— T hree Riv ers S tock and Associated Dikes, P lu g s and Flows— T hree Riv ers S tock
and Associated Dikes, P lu g s and Flows— T hree Riv ers S tock and Associated Dikes, P lu g s and Flows
03-03-01-00-00— U nit— T tbrd—Biotite rhyolite dikes— T wo northeast- to east-trending  dikes that cu t
“nordmarkite” (T tsp) and W alker G rou p lav as (T wl) on the east marg in of the qu adrang le; part of the N E-
trending  rhyolite dike swarm fu rther to the east mentioned by S eg erstrom et al. (1979, p. 14); dikes are 1 to 3 m
wide; consist of white, nearly aphyric, mildly altered rhyolite with sparse phenocrysts of Kspar and biotite in a
silicified (or dev itrified) g rou ndmass with tiny qu artz, Kspar, sericite and smu dg y opaqu e oxides; Kspar
phenocrysts are zoned. P reliminary Ar40/39 ag e on biotite from northern dike is 25.4 ± 0.8 Ma (too thin to color).

03-03-02-00-00— U nit— T og — O ak G rov e rhyolite—Flow of white to g ray, aphyric rhyolite on east edg e of the
qu adrang le ju st west of O ak G rov e campg rou nd; contains microphenocrysts of qu artz in flow-banded
g rou ndmass that is dev itrified and spheru litic; lav a displays flow-banding  with extreme folding ; may be
contemporaneou s with rhyolite dikes abov e althou g h no biotite is v isible; ov erlies W alker G rou p breccia (T wb);
ag e u nknown; maximu m exposed thickness abou t 20 m (Mu lberry – P C995).
03-03-03-00-00— U nit— T cp/T cpd—Cone P eak rhyolite— S ev eral small plu g s and many thin dikes (T cpd) of g ray
to white, slig htly porphyritic rhyolite containing  phenocrysts of small qu artz, Kspar, biotite and sparse
plag ioclase; g rou ndmass and phenocrysts u su ally altered and silicified (Black, 1977). Intru sions occu r arou nd
N W  marg in of T hree Riv ers stock and do not cu t the stock. Intru sions cu t W alker G rou p lav as and breccias (T wl
and T wb). Ag e u nknown; thickness at Cone P eak is abou t 40 m (Mu lberry – P C995).
03-03-04-00-00— U nit— T ep—Elk P oint rhyolite— P lu g  of g ray, flow-banded, porphyritic rhyolite containing  larg e
phenocrysts of Kspar in dev itrified to silicified g rou ndmass hav ing  smaller crystals of Kspar, qu artz, plag ioclase,
biotite, hornblende, opaqu e oxides, and rare tiny apatite; plu g  prev iou sly identified as rhyolite by S eg erstrom et
al. (1979). “Fresh” rhyolite fou nd only at the N W  corner of the plu g  where considerable intru sion breccia is
v isible; rhyolite is prog ressiv ely silicified and brecciated fu rther to the sou th and S E u ntil the orig inal rhyolite
textu re and mineralog y is lost; cu ts W alker G rou p lav as and breccias (T wl and T wb); in fau lt contact with T hree
Riv ers stock; ag e u nknown; maximu m exposed thickness rou g hly 200 m in Little Bear Canyon (Mu lberry –
P C995).
03-03-05-00-00— U nit— T tag d— Alkali g ranite dikes—Fine- to coarse-g rained, pale pink to pale tan to salt-and-
pepper dikes from 0.5 to 80 m wide; contain Kspar, qu artz, minor plag ioclase, minor biotite, arfv edsonite, trace
sphene, apatite, zircon and opaqu e minerals. T hin dike on east edg e of qu adrang le cu ts W alker G rou p lav a and
breccia (T wl and T wb); other dikes within interior of stock are mu ch thicker and cu t v ariou s syenite u nits; ag es of
v ariou s dikes u nknown (Carmine red – P C926).
03-03-06-00-00— U nit— T sp— S yenite P orphyry P lu g s— T wo small plu g s on ridg e crest ju st north of T hree Riv ers
stock in g eneral v icinity of U T M 421000/3700000; consist of g ray syenite with sparse phenocrysts of Kspar, biotite
and clinopyroxene in fine-g rained dev itrified to altered g rou ndmass of Kspar, minor plag ioclase and biotite;
alteration consists of chlorite, sericite, silica, minor Fe-oxides and epidote; cu ts W alker G rou p lav as and breccias
(T wl and T wb); cu t by dikes of T spd and T bsd; ag es u nknown bu t appear to be associated with T hree Riv ers
stock based on mineralog y and proximity; maximu m exposed thickness ≤45 m (Blu sh pink – P C928).

03-03-07-00-00— U nit— T tag — Alkali g ranite—Fine- to mediu m-g rained, equ ig ranu lar to slig htly porphyritic,
pale g ray to salt-and-pepper g ranite composed of Kspar, qu artz, and minor plag ioclase; commonly contains
interstitial and g raphic interg rowths of qu artz-alkali feldspar. Mafic minerals consist of biotite ± arfv edsonite ±
aeg irine. Accessory minerals consist of apatite, mag netite, ilmenite, sphene and zircon. S ome areas contain
sparse larg er crystals of alkali feldspar. S ome zones contain essentially no mafic minerals. Alteration phases
consist of epidote, sericite, chlorite and Fe-oxides. T his u nit forms sev eral, relativ ely small to larg e intru siv e
bodies throu g hou t the stock. According  to G iles and T hompson (1972), S eg erstrom et al. (1979 and Moore et al.
(1988), anomalou s molybdenu m concentrations (as MoS 2) are associated with this u nit bu t we fou nd no v einlets,
v eins, pods, or streaks of molybdenite du ring  ou r mapping . Rb-S r ag e (whole rock) from u nknown site is 26.7 ±
1.2 Ma (Moore et al., 1991); preliminary Ar40/39 date on arfv edsonite from body at top of eastern chair lift, S ki
Apache is 27 ± 2 Ma. Maximu m exposed thickness is ≥700 m (Carmine red – P C926).
03-03-08-00-00— U nit— T thbs—Hornblende-biotite syenite plu g — T iny, ≤50-m-diameter plu g  of white to lig ht
g ray, slig htly porphyritic syenite; rock is v ery fresh, containing  larg er crystals of Kspar and smaller hornblende
and biotite in a g rou ndmass of tiny plag ioclase, opaqu e oxides, some qu artz, and clinopyroxene; also contains
rare tiny zircon and apatite; intru des syenite; S E edg e of plu g  abu ts v ery small stoped block of hydrothermally
altered W alker G rou p trachyandesite or trachybasalt (T wl); ag e u nknown; thickness u nknown (Mag enta –
P C930).
03-03-09-00-00— U nit— T tbsp/T tbsd—Biotite syenite porphyry— S mall intru sion and nearby dike (T tbsd) of
pinkish-g ray, sparsely porphyritic syenite; contains larg e Kspar phenocrysts with microcline twinning  in fine-
g rained, g ranu lar g rou ndmass hav ing  small Kspar, biotite, a bit of plag ioclase and qu artz, opaqu e oxides, and
rare tiny apatite and zircon. Intru des W alker G rou p lav as, T wl (as roof pendant) and T tsp (“nordmarkite”); in
fau lt contact with T wl and T wb; ag e u nknown; maximu m exposed thickness abou t 270 m (Mag enta – P C930).

03-03-10-00-00— U nit— T tcs/T tqcs—Coarse-g rained syenite—Lig ht g ray, v ery coarse-g rained, hypidiomorphic
g ranu lar syenite consisting  primarily of “hash” of larg e Kspar (anorthoclase) su rrou nded by small interstial
Kspar and qu artz (some with g raphic textu re), aeg irine, arfv edsonite, opaqu e oxides, tiny apatite, rare ru tile and
zircon; no apparent plag ioclase; a zone of more qu artz-rich syenite (T tqcs) is fou nd on the east marg in of the
u nit; sporadically contains ≤10 cm enclav es of fine-g rained ig neou s (?) rock; intru ded by thin porphyritic dikes
of fine-g rained, equ ig ranu lar alkali g ranite (?) containing  Kspar and clinopyroxene phenocrysts and u nidentified
blu e and pu rple minerals; v ariou s u nits not dated; maximu m exposed thickness abou t 650 m (P rocess red –
P C994).
03-03-11-00-00— U nit— T tsag — Qu artz syenite to alkali g ranite—Hig hly v ariable, bu t v olu minou s u nit of
mediu m-g rained, lig ht g ray to blu ish g ray, equ ig ranu lar to porphyritic, qu artz syenite to g ranite; syenite is
dominant; contains Kspar (often larg e and distinctly blu e-g ray) partly rimmed by other feldspar; blu e-g ray
phenocrysts are most plentifu l at hig her elev ations and western marg in in the u nit; plag ioclase sparse to absent;
qu artz sparse to ≥10 modal percent; qu artz is interstitial and may hav e g raphic textu re; contains minor
arfv edsonite, aeg irine, and/or biotite; some specimens contain au g ite; accessory minerals are opaqu e oxides,
apatite, sphene, and zircon; may contain minor mu scov ite; alteration minerals consist of epidote, chlorite, sericite
and Fe-oxides. K-Ar date on biotite is 28.1 ± 1.7 Ma (Moore et al., 1988); preliminary Ar40/39 date on Kspar from
west contact in T hree Riv ers canyon is 28.24 ± 0.19 Ma; maximu m exposed thickness is ≥850 m (P ink – P C929).

03-03-12-00-00— U nit— T ts— S yenite and syenite porphyry—Mediu m- to coarse-g rained, lig ht g ray to v ery pale
pink, hypidiomorphic g ranu lar syenite u su ally containing  abu ndant larg e crystals of potassiu m feldspar and
interstitial qu artz; g raphic textu re common; plag ioclase sparse to absent; contains minor biotite and
arfv edsonite; accessories consist of apatite, sphene, zircon, mag netite and ilmenite; alteration minerals are
qu artz, chlorite, sericite, minor epidote and Fe-oxides; contains sporadic ≤8 cm enclav es of fine-g rained ig neou s
rock. K-Ar ag e on anorthoclase is 25.8 ± 1.1 Ma (G iles and T hompson, 1972), a date we consider mu ch too you ng .
Cu ts u nit T tsp; maximu m exposed thickness abou t 600 m (Deco pink – P C1014).
03-03-13-00-00— U nit— T tsp—Qu artz syenite porphyry— V ery distinctiv e u nit of coarse-g rained, brownish g ray
to rose, qu artz syenite (nordmarkite, W illiams et al., 1954; G iles and T hompson, 1972) with abu ndant, larg e
crystals of pinkish Kspar in a g ranu lar matrix of Kspar, minor qu artz and plag ioclase, arfv edsonite, aeg irine ±
biotite. Kspar phenocrysts may be rimmed by sanidine and plag ioclase. Accessory minerals are apatite, zircon,
ilmenite and mag netite. Alteration minerals are sericite, chlorite, epidote, and Fe-oxides. N ear contacts with
cou ntry rocks or in the apparent roof zone, the phenocryst content of the syentite may exceed 70%. Contains
sporadic ≤10 cm enclav es of fine-g rained ig neou s rock; K-Ar date on arfv edsonite is 29.9 ± 1.8 Ma (Allen and
Foord; 1991; Moore et al., 1991); preliminary Ar40/39 ag e on larg e Kspar from east of Bu ck Mou ntain is 28.95 ±
0.18 Ma; maximu m exposed thickness ≥730 m (Blu sh pink – P C928).
03-04-00-00-00—Heading  03—Rialto S tock and Associated Dikes—Rialto S tock and Associated Dikes—Rialto
S tock and Associated Dikes
03-04-01-00-00— U nit— T rm2—Monzonite to qu artz diorite— S econdary intru siv e phase of Rialto stock consists
of white to g ray, weakly porphyritic, fine-g rained qu artz diorite hav ing  phenocrysts of plag ioclase in
g rou ndmass of plag ioclase, minor Kspar, eu hedral biotite, hornblende, and small qu artz (≤10%). Accessory
phases are fine-g rained mag netite, ilmenite and apatite. O ccu rs as extensiv e swarm of N E-trending  dikes and
possible sills that intru de stag e 1 Rialto syenite and W alker G rou p metav olcanic rocks (T wl and T wb).
Hydrothermal and su perg ene alteration processes hav e resu lted in perv asiv e bleaching  and limonite-staining
with g enerally strong  alteration rang ing  from phyllic (qu artz ± sericite ± pyrite) to locally arg illic. Mineralization
occu rs as u biqu itou s fine-g rained pyrite (oxidized) and small v eins of lead, zinc and molybdenu m su lfides
(T hompson, 1973) that cu rrently appear as narrow hematite-g oethite g ossans. Ag e of u nit is yet to be
determined; maximu m exposed thickness abou t 280 m (Deco pink – P C1014).
03-04-02-00-00— U nit— T rsd—Qu artz syenite dike—Broad, N E-trending  dike of salt-and-pepper, slig htly pink,
mediu m-g rained, hypidiomorphic g ranu lar, qu artz syenite containing  plag ioclase, Kspar, qu artz, biotite,
hornblende, a bit of clinopyroxene and opaqu e oxides with trace zircon, sphene, and apatite; alteration v ery
minor; occu rs on prominent ridg e sou th of Bonito Creek and west of Big  Bear Creek; dike is u p to 20 m wide;
cu ts hydrothermally altered W alker G rou p lav as (T wl and T wb); ag e u nknown (P arma v iolet – P C1008).

03-04-03-00-00— U nit— T rm— S yenite—Broad, N E-trending  dike of salt-and-pepper, slig htly pink, mediu m-
g rained, hypidiomorphic g ranu lar, qu artz syenite containing  plag ioclase, Kspar, qu artz, biotite, hornblende, a bit
of clinopyroxene and opaqu e oxides with trace zircon, sphene, and apatite; alteration v ery minor; occu rs on
prominent ridg e sou th of Bonito Creek and west of Big  Bear Creek; dike is u p to 20 m wide; cu ts hydrothermally
altered W alker G rou p lav as (T wl and T wb); ag e u nknown (P arma v iolet – P C1008).
03-05-00-00-00—Heading  03— O ther S mall Intru sions and P lu g s— O ther S mall Intru sions and P lu g s— O ther
S mall Intru sions and P lu g s
03-05-01-00-00— U nit— T spg /T sbx— S yenite plu g s— T hree small plu g s on rid g e between Aspen and Little Bear
canyons. T he northern plu g  consists of pale pinkish g ray, mediu m-g rained, hypidiomorphic g ranu lar syenite
containing  Kspar, plag ioclase, biotite, hornblende and opaqu e oxides; alteration consists of epidote, actinolite (?)
and Fe-oxides. T he central plu g  consists of g ray syenite porphyry with larg e Kspar in g ranu lar matrix of
plag ioclase, clinopyroxene, biotite and opaqu e oxides; alteration is epidote, chlorite and Fe-oxides. T he sou thern
plu g  (T sbx) consists of g ray, silicified, fine- to mediu m-g rained syentite breccia containing  clasts of mafic
v olcanic rocks u p to 10 cm long  in matrix of altered Kspar, plag ioclase, clinopyroxene, biotite and smu d g y
opaqu e oxides; alteration is silica, chlorite and epidote (?). T he plu g s probably represent the top of a small
syenite stock; intru de hydrothermally altered W alker G rou p lav as (T wl); maximu m exposed thickness abou t 35
m; ag es u nknown (Bu rnt ochre – P C943).
03-05-01-01-00— U nit— T spg /T sbx— S yenite plu g s— T hree small plu g s on rid g e between Aspen and Little Bear
canyons. T he northern plu g  consists of pale pinkish g ray, mediu m-g rained, hypidiomorphic g ranu lar syenite
containing  Kspar, plag ioclase, biotite, hornblende and opaqu e oxides; alteration consists of epidote, actinolite (?)
and Fe-oxides. T he central plu g  consists of g ray syenite porphyry with larg e Kspar in g ranu lar matrix of
plag ioclase, clinopyroxene, biotite and opaqu e oxides; alteration is epidote, chlorite and Fe-oxides. T he sou thern
plu g  (T sbx) consists of g ray, silicified, fine- to mediu m-g rained syentite breccia containing  clasts of mafic
v olcanic rocks u p to 10 cm long  in matrix of altered Kspar, plag ioclase, clinopyroxene, biotite and smu d g y
opaqu e oxides; alteration is silica, chlorite and epidote (?). T he plu g s probably represent the top of a small
syenite stock; intru de hydrothermally altered W alker G rou p lav as (T wl); maximu m exposed thickness abou t 35
m; ag es u nknown (Bu rnt ochre – P C943).
03-05-02-00-00— U nit— T m—Monzonite to diorite plu g s— G reenish g ray, fine- to mediu m-g rained monzonite to
diorite plu g s containing  abu ndant plag ioclase and sparse to v ery sparse Kspar; mafic minerals are clinopyroxene
and lesser amou nts of hornblende and biotite; most specimens show alteration to clay, chlorite, calcite, and
qu artz ± epidote. T iny knob west of N og al P eak cu ts W alker G rou p breccias (T wb) and contains small v u g s of
amethystine qu artz. S mall plu g  in N og al Canyon intru des altered W alker lav as (T wl); exposed thickness abou t
100 m. Lenticu lar intru sion in S W  map area identified by Moore et al. (1988) is ov erlain by trachybasalt lav a and
cu t by two syenite porphyry dikes (T spd); exposed thickness abou t 220 m. Ag es of v ariou s featu res are u nknown
(Dark g reen – P C908).
03-05-03-00-00— U nit— T g d/T g bx— G rizzly P eak diorite— P lu g -like body and associated radiating  dikes (T md) of
g reenish-g ray, mediu m- to cou rse-g rained, hypidiomorphic g ranu lar diorite consisting  almost entirely of
plag ioclase and clinopyroxene; has a small amou nt of tiny interstitial qu artz and Kspar (?); u nit is thorou g hly
altered to chlorite, epidote, sericite, secondary qu artz, minor calcite, and smu dg y mag netite; cu t by small
v einlets of epidote and qu artz. A small, poorly exposed zone of diorite intru sion breccia (T g bx) occu rs on the
slope west of the plu g . U nit intru des hydrothermally altered W alker lav as (T wl). Ag e u nknown; maximu m
exposed thickness of G rizzly P eak is ≤100 m (Copenhag en blu e – P C906).
03-05-03-01-00— U nit— T g d/T g bx— G rizzly P eak diorite— P lu g -like body and associated radiating  dikes (T md) of
g reenish-g ray, mediu m- to cou rse-g rained, hypidiomorphic g ranu lar diorite consisting  almost entirely of
plag ioclase and clinopyroxene; has a small amou nt of tiny interstitial qu artz and Kspar (?); u nit is thorou g hly
altered to chlorite, epidote, sericite, secondary qu artz, minor calcite, and smu dg y mag netite; cu t by small
v einlets of epidote and qu artz. A small, poorly exposed zone of diorite intru sion breccia (T g bx) occu rs on the
slope west of the plu g . U nit intru des hydrothermally altered W alker lav as (T wl). Ag e u nknown; maximu m
exposed thickness of G rizzly P eak is ≤100 m (Copenhag en blu e – P C906).
03-05-04-00-00— U nit— T dbp—Dark Betty diorite porphyry— S mall, circu lar intru sion on sou th side of u pper
Dark Betty Canyon containing  conspicu ou s phenocrysts and phenocryst clots of white plag ioclase ≤1.5 cm long
in g reenish g ray, fine-g rained g rou ndmass of plag ioclase, clinopyroxene, opaqu e oxides and rare oliv ine. T extu re
of plag ioclase phenocrysts closely resembles textu re in u nit T wtx described below and may be sou rce of some
T wtx lav as. Alteration consists of chlorite, epidote, silica and calcite. Intru des hydrothermally altered W alker
lav as (T wl); a hig hly silicified zone occu rs on the S E marg in of the intru sion; exposed thickness is abou t 310 m;
ag e u nknown (Indig o blu e – P C901).
03-05-05-00-00— U nit— T ex—Feldspathoidal g abbro porphyry— P lu g  of v ery dark g ray to splotchy black and
white, feldspathoidal g abbro (essexite; W illiams et al., 1954; Moore et al., 1988) in sou theast corner of map;
contains larg e (≤3 cm) phenocrysts of pinkish potassiu m feldspar and white plag ioclase in a hig hly altered,
mediu m-g rained g rou ndmass of nepheline, clinopyroxene, oliv ine, biotite and smu d g y mag netite; alteration
phases consist of epidote, chlorite, sericite, calcite, qu artz and Fe-oxides. Intru des W alker G rou p lav as and
breccias (T wl and T wb); K-Ar date on “fresh” g abbro is 32.8 ± 1.2 Ma (Moore et al., 1988); preliminary Ar40/39
date on hydrothermally altered g abbro is 30.5 ± 0.5 Ma, presu mably affected by the adjacent T hree Riv ers stock.
Maximu m exposed thickness is 185 m (Lilac – P C956).
03-06-00-00-00—Heading  03—Dikes—Dikes—All g eneric dikes

03-06-01-00-00— U nit— T bsd— S yenite porphyry dikes— G ray, fine- to mediu m-g rained syenite containing  sparse
phenocrysts of potassiu m feldspar, plag ioclase, biotite, clinopyroxene ± hornblende; a few dikes of this type hav e
hornblende as dominant mafic phase; some dikes more than 10 m wide; intru des T wl, T wb and T sp; those in the
sou th map area may be associated with the T hree Riv ers stock; ag es of v ariou s dikes u nknown.
03-06-01-00-00— U nit— T hsd— S yenite porphyry dikes— G ray, fine- to mediu m-g rained syenite containing  sparse
phenocrysts of potassiu m feldspar, plag ioclase, biotite, clinopyroxene ± hornblende; a few dikes of this type hav e
hornblende as dominant mafic phase; some dikes more than 10 m wide; intru des T wl, T wb and T sp; those in the
sou th map area may be associated with the T hree Riv ers stock; ag es of v ariou s dikes u nknown.
03-06-01-00-00— U nit— T spd— S yenite porphyry dikes— G ray, fine- to mediu m-g rained syenite containing  sparse
phenocrysts of potassiu m feldspar, plag ioclase, biotite, clinopyroxene ± hornblende; a few dikes of this type hav e
hornblende as dominant mafic phase; some dikes more than 10 m wide; intru des T wl, T wb and T sp; those in the
sou th map area may be associated with the T hree Riv ers stock; ag es of v ariou s dikes u nknown.
03-06-02-00-00— U nit— T sd— S yenite dikes— Lig ht g ray, mediu m to cou rse-g rained dikes containing  alkali
feldspar, plag ioclase, clinopyroxene, hornblende, biotite and sparse qu artz; dikes are 1 to 50 m wide; ag es
u nknown.
03-06-03-00-00— U nit— T hmd—Monzonite to diorite dikes— G ray to g reenish g ray, mediu m- to cou rse-g rained
dikes containing  plag ioclase, clinopyroxene ± hornblende ± biotite; dikes are g enerally 1 to 6 m wide; rare dikes
are more than 25 m wide; ag es u nknown.
03-06-03-00-00— U nit— T md—Monzonite to diorite dikes— G ray to g reenish g ray, mediu m- to cou rse-g rained
dikes containing  plag ioclase, clinopyroxene ± hornblende ± biotite; dikes are g enerally 1 to 6 m wide; rare dikes
are more than 25 m wide; ag es u nknown.
03-06-04-00-00— U nit— T td— P orphyritic hornblende trachydacite dikes—An u nu su al blu ish g ray, fine-g rained
porphyritic dike with N N E trend can be traced as fins or as float for a distance of sev eral kilometers throu g h
u nits T wb and T wl on S W  side of qu adrang le; contains phenocrysts of plag ioclase and hornblende in a
g rou ndmass of plag ioclase, clinopyroxene, mag netite, apatite and hornblende; dike has v ariable width of 5 to 50
m. Another dike of porphyritic hornblende trachydacite trends EN E in the v icinity of Arg entina S pring .
03-06-05-00-00— U nit— T btd—Biotite and hornblende trachydacite to alkali rhyolite dikes— G ray to tan, slig htly
porphyritic dikes containing  sparse phenocrysts of Kspar, plag ioclase ± biotite ± hornblende ± qu artz; dikes
typically 1 to 6 m wide; ag es u nknown.
03-06-05-00-00— U nit— T htd—Biotite and hornblende trachydacite to alkali rhyolite dikes— G ray to tan, slig htly
porphyritic dikes containing  sparse phenocrysts of Kspar, plag ioclase ± biotite ± hornblende ± qu artz; dikes
typically 1 to 6 m wide; ag es u nknown.
03-06-06-00-00— U nit— T tbd—Clinopyroxene-phyric trachybasalt dikes— G reenish black, fine-g rained,
porphyritic basalt with conspicu ou s clinopyroxene ≤2 cm in diameter in intersertal g rou ndmass of plag ioclase,
oliv ine, clinopyroxene and mag netite; oliv ine has idding site rims; plag ioclase is slig htly alig ned; clinopyroxene
is zoned and contains oliv ine inclu sions; alteration consists of qu artz, calcite, Fe-oxides, chlorite, and epidote;
dikes g enerally ≤3 m wide; ag es of dikes u nknown.
03-06-07-00-00— U nit— T if— Felsite— W hite, fine-g rained, aphyric, felsic dikes, 1 to 5 m wide; ag es u nknown.

03-06-08-00-00— U nit— T it— T rachyte—Lig ht to dark g ray porphyritic dikes with 15 to 25% plag ioclase laths 10
to 20 mm long  set in an equ ig ranu lar to fine-g rained matrix of dark g reen pyroxene and feldspar. T he
plag ioclase laths are often distinctiv ely alig ned parallel to the marg ins of the dikes. Dikes are g enerally 1 to 4 m
wide; ag es of dikes u nknown.
03-06-09-00-00— U nit— T ita— P orphyritic trachyandesite—Dikes and small sills of lig ht g ray to pu rple g ray
porphyry with 5 to 15% of 1 to 10 mm diameter plag ioclase phenocrysts, dark g reen pyroxene, black hornblende,
opaqu e oxides ± potassiu m feldspar; some dikes may g rade into more equ ig ranu lar textu res (T ig ). Dikes often
contain syenitic and sedimentary xenoliths; dikes in center and east of qu adrang le are altered to silica, calcite,
clay, chlorite and epidote; dikes g enerally 1 to 12 m wide; ag es of dikes u nknown.
03-06-10-00-00— U nit— T ig — Alkali g abbro to syenog abbro— S alt-and-pepper, fine- to mediu m-g rained,
equ ig ranu lar dikes and small sills containing  plag ioclase and pyroxene phenocrysts; may g rade into more
porphyritic dikes (T ita); g enerally 2 to 6 m wide; ag es of dikes u nknown.
03-06-11-00-00— U nit— T im—Meg acrystal trachyte porphyry— G reenish g ray porphyritic dikes and sills with
meg acrysts of embayed hornblende and/or g reen pyroxene that are u p to 2 to 4 cm across; g rou ndmass contains
hornblende ± biotite; may contain xenoliths of pink coarse-g rained syenite; dikes may be u p to 20 m across; ag es
of dikes u nknown.
03-06-12-00-00— U nit— T isp— S yenite— P ink, mediu m-g rained, equ ig ranu lar dikes and sill composed of
potassiu m feldspar, g reen pyroxene, occasional biotite and sparse qu artz; some contain larg e Kspar (T isp). Dikes
may be u p to 20 m across; ag es of dikes u nknown.
03-06-12-00-00— U nit— T is— S yenite— P ink, mediu m-g rained, equ ig ranu lar dikes and sill composed of
potassiu m feldspar, g reen pyroxene, occasional biotite and sparse qu artz; some contain larg e Kspar (T isp). Dikes
may be u p to 20 m across; ag es of dikes u nknown.
03-06-13-00-00— U nit— T ic—Mafic clot syenite— W hite sparsely porphyritic dikes with abou t ±7 % conspicu ou s
clots of altered mafic minerals; dike rock contains phenocrysts of Kspar and plag ioclase in matrix of plag ioclase,
clinopyroxene and biotite; cu ts T ita dikes; ag es u nknown.
03-06-14-00-00— U nit— T itb— T rachybasalt—Black to g ray dikes containing  phenocrysts of plag ioclase in
g rou ndmass of plag ioclase, oliv ine, clinopyroxene ± phlog opite; dikes may be u p to 10 m in width; ag es of dikes
u nknown.
04-00-00-00-00—Heading  02— O lig ocene to U pper Eocene— O lig ocene to U pper Eocene— O lig ocene to U pper
Eocene
04-01-00-00-00—Heading  03— S ierra Blanca V olcanics— S ierra Blanca V olcanics— S ierra Blanca V olcanics

04-01-01-00-00— U nit— T nt/T ntd— N og al P eak T rachyte— W hite to pale pinkish g ray, slig htly porphyritic to
aphyric lav as with intercalated flow and flow breccia; at N og al P eak lav as consist of fiv e flows hav ing  a total
thickness of 300 m (T hompson, 1972, 1973; see Fig . 6); flows contain phenocrysts of plag ioclase in a trachytic
matrix of fine plag ioclase, clinopyroxene, biotite, hornblende, sparse sanidine and dev itrified g lass with
accessory apatite and mag netite. Alteration minerals inclu de epidote, chlorite, sericite, qu artz and Fe-oxides.
S ome flows inclu de frag ments of trachyandesite from u nderlying  u nits. T he contact with the u nderlying  W alker
V olcanic Breccia (ou r name, T wb) appears to be conformable. W est and sou thwest of N og al P eak, the u nit
consists of a sing le flow of g ray, slig htly porphyritic, mediu m- to fine-g rained lav a containing  phenocrysts of
plag ioclase in a trachytic matrix of plag ioclase, clinopyroxene, Kspar, biotite (?) and hornblende (?); mafic phases
are completely altered to sericite, chlorite, clays, silica, calcite, smu dg y opaqu e oxides and minor limonite. T his
flow is intru ded by dikes (T ntd) of similar mineralog y bu t coarser textu re; maximu m exposed thickness of flow
is ≤35 m. Rocks of this formation g enerally ov erlie W alker V olcanic Breccia (T wb) bu t flow at Hill 9500 u nderlies
basalt (T wbn). V ariou s flows and dike are not dated bu t a K-Ar ag e of 31.8 ± 1.3 Ma (T hompson, 1972) has been
obtained on g lass from the Chu rch Mou ntain latite, which occu pies a similar stratig raphic position as N og al
P eak T rachyte (T nt = P each – P C939; T ntd = O rang e – P C918).
04-01-01-01-00— U nit— T nt/T ntd— N og al P eak T rachyte— W hite to pale pinkish g ray, slig htly porphyritic to
aphyric lav as with intercalated flow and flow breccia; at N og al P eak lav as consist of fiv e flows hav ing  a total
thickness of 300 m (T hompson, 1972, 1973; see Fig . 6); flows contain phenocrysts of plag ioclase in a trachytic
matrix of fine plag ioclase, clinopyroxene, biotite, hornblende, sparse sanidine and dev itrified g lass with
accessory apatite and mag netite. Alteration minerals inclu de epidote, chlorite, sericite, qu artz and Fe-oxides.
S ome flows inclu de frag ments of trachyandesite from u nderlying  u nits. T he contact with the u nderlying  W alker
V olcanic Breccia (ou r name, T wb) appears to be conformable. W est and sou thwest of N og al P eak, the u nit
consists of a sing le flow of g ray, slig htly porphyritic, mediu m- to fine-g rained lav a containing  phenocrysts of
plag ioclase in a trachytic matrix of plag ioclase, clinopyroxene, Kspar, biotite (?) and hornblende (?); mafic phases
are completely altered to sericite, chlorite, clays, silica, calcite, smu dg y opaqu e oxides and minor limonite. T his
flow is intru ded by dikes (T ntd) of similar mineralog y bu t coarser textu re; maximu m exposed thickness of flow
is ≤35 m. Rocks of this formation g enerally ov erlie W alker V olcanic Breccia (T wb) bu t flow at Hill 9500 u nderlies
basalt (T wbn). V ariou s flows and dike are not dated bu t a K-Ar ag e of 31.8 ± 1.3 Ma (T hompson, 1972) has been
obtained on g lass from the Chu rch Mou ntain latite, which occu pies a similar stratig raphic position as N og al
P eak T rachyte (T nt = P each – P C939; T ntd = O rang e – P C918).
04-02-00-00-00—Heading  03— W alker V olcanic— W alker V olcanic Breccia — W alker V olcanic Breccia

04-02-01-00-00— U nit— T wl—Lav a-rich u nit, u ndiv ided—Aphyric to porphyritic lav as consisting  of tephrite,
alkali basalt, trachybasalt, basaltic trachyandesite, trachyandesite, phonolite and minor trachyte (Moore et al.,
1988). T he sequ ence g enerally becomes more trachytic hig her in the section and the proportion of interbedded
breccia is ≤40%.  Indiv idu al flows of distinctiv e textu re and/or mineralog y can be broken ou t in the winding
clif fs of the escarpments along  the west and north edg es of the qu adrang le. Elsewhere, perv asiv e hydrothermal
alteration and poor exposu re prev ent effectiv e separation of indiv id u al flows. Lav a at base of u nit in western
T hree Riv ers Canyon is tephrite or trachybasalt containing  phenocrysts of clinopyroxene in g reenish black
g rou ndmass of plag ioclase, altered oliv ine, mag netite and dev itrified g lass; alteration minerals are chlorite,
calcite and Fe-oxides. Alteration minerals are epidote, chlorite and clay. Blu ish g ray lav a and flow-breccia
sequ ence in lower Blu e Front canyon contains phenocrysts of plag ioclase in a hig hly dev itrified g rou ndmass of
plag ioclase, clinopyroxene and altered phlog opite (?). Lig ht g ray slig htly porphyritic trachyandesite or trachyte
flows midway u p the north slope of Bru sh Canyon contains phenocrysts of hornblende and plag ioclase in
g rou ndmass of plag ioclase, clinopyroxene, mag netite and dev itrified g lass. U nit also occu rs as roof pendants
and hornfelsed septa abov e and between the stocks described abov e. N ear contacts, the v olcanic rocks are
altered to cordierite- and/or andalu site-bearing , pyroxene hornfels with scattered occu rrences of du mortierite
and topaz (G iles and T hompson, 1972). T hickness of indiv idu al flows is rarely g reater than 20 m. U nit is ≥500 m
thick on west side of qu adrang le, 400 m thick in N E corner of qu adrang le, and 475 m thick east of S ou th Fork Rio
Bonito. N one of the flows of map u nit T wl hav e been dated du e to hydrothermal alteration (Jade g reen –
P C1021).
04-02-02-00-00— U nit— T wpd— P orphyritic trachydacite east of Hig hway 532— G ray, porphyritic, slig htly
trachytic lav a containing  phenocrysts of Kspar, plag ioclase, biotite, opaqu e oxides and minor qu artz in
g rou ndmass of tiny plag ioclase, clinopyroxene and silicified g lass; alteration consists of silica, sericite, chlorite,
and smu dg y opaqu e oxides; ov erlies W alker lav as and breccias (T wl and T wb); occu pies same stratig raphic
position as O ak G rov e rhyolite (T og ) and cou ld conceiv ably be associated with T hree Riv ers stock; ag e u nknown;
thickness abou t 20 m (Yellow ochre – P C942).
04-02-03-00-00— U nit— T wbn—Alkali basalt of Hill 9500—Dark g reenish g ray to black lav a and minor scoria
deposits capping  hill S S W  of N og al P eak; contains small bu t conspicu ou s phenocrysts of clinopyroxene and
plag ioclase in g rou ndmass of plag ioclase, clinopyroxene, idding sitized oliv ine, opaqu e oxides and altered g lass;
alteration consists of clay, sericite, silica, calcite and chlorite; ov erlies flow of N og al P eak T rachyte (T nt); cu t by
biotite syenite dike (T bsd); ag e u nknown; thickness abou t 15 m (Copenhag en blu e – P C906).
04-02-04-00-00— U nit— T wcd— P orphyritic trachydacite north of Arg entina S pring — G ray, coarse porphyritic
lav a containing  larg e phenocrysts of plag ioclase and Kspar (?) in trachytic matrix of plag ioclase, clinopyroxene,
opaqu e oxides and dev itrified g lass; alteration consists of silica, clay, sericite and chlorite; ov erlies T wfa; ag e
u nknown; thickness abou t 50 m (Yellow orang e – P C1002).
04-02-05-00-00— U nit— T wfa— Fine-g rained trachydacite north of Arg entina S pring —Dark g ray to black,
aphanitic, trachytic lav as containing  a few v ery small phenocrysts of plag ioclase and biotite in an altered
g rou ndmass of plag ioclase, clinopyroxene, opaqu e oxides and tiny Kspar (?); alteration consists of silica, sericite,
Fe-oxides and chlorite; u nderlies T wcd and ov erlies T was; ag e u nknown; maximu m thickness abou t 60 m (Lime
peel – P C1005).
04-02-06-00-00— U nit— T wap—Basaltic trachyandesite of Arg entina P eak—Dark g ray to reddish black, mediu m-
g rained lav as containing  a few small phenocrysts of plag ioclase in an altered, felty g rou ndmass of plag ioclase,
clinopyroxene, oliv ine, and mag netite; alteration consists of hematite, limonite, silica, sericite and chlorite;
sou thern part of u nit contains probable v ent area; ov erlies T wf and T was; ag e u nknown; thickness abou t 60 m
(G rass g reen – P C909).
04-02-07-00-00— U nit— T wsp/T wspd—Aphyric trachyandesite of S pring  P oint—Eroded plu g , associated flows
and east-trending  dike (T wspd) of dark g ray to black trachyandesite; contains v ery rare phenocrysts of
plag ioclase in v ery fine-g rained altered g rou ndmass of plag ioclase, mag netite, clinopyroxene, and rare biotite;
alteration consists of silica, sericite, chlorite and a little hematite; ov erlies T w f; ag e u nknown; maximu m exposed
thickness abou t 50 m (P arrot g reen – P C1006).
04-02-08-00-00— U nit— T wbt—Basaltic trachyandesite of Hill 9395—Dark g ray to black, sparsely porphyritic,
fine-g rained lav as containing  phenocrysts of plag ioclase in completely altered g rou ndmass of tiny plag ioclase,
clinopyroxene, oliv ine and opaqu e oxides; contains sparse g abbroic xenoliths; alteration consists of silica,
sericite, chlorite, Fe-oxides and epidote; Hill 9395 is probable v ent area; hill to sou th capped by T wbt is eroded
flow; ov erlies T wbb; ag e u nknown; maximu m thickness abou t 20 m (Aqu amarine – P C905).
04-02-09-00-00— U nit— T wbb/T wal—Basaltic trachyandesite flows, ag g lu tinate and breccia— Lu mped u nit of
g ray thin driblet flows and dark red ag g lu tinate, spatter, scoria, breccia and tu f f representing  mu ltiple eru ptiv e
ev ents; most specimens contain plag ioclase, clinopyroxene and oliv ine; u pper material is probably associated
with lav as of Hill 9395; contains thin bed (±3 m) of white accretionary lapilli tu ff layers (T wal) in rav ine east of
T rail 25; sev eral layers contain balls ≤0.5 cm in diameter of opalized mu d with a few tiny feldspar and mag netite
crystals; u nit T wbb u nderlies lav as of T wbt and is cu t by v ariou s dikes and plu g s; ov erlies u nits T w f, T wsc and
T wtb; ag es of v ariou s deposits u nknown; maximu m thickness abou t 100 m (T wbb = Bu rnt ochre – P C943; T wal =
P oppy red – P C922).
04-02-09-01-00— U nit— T wbb/T wal—Basaltic trachyandesite flows, ag g lu tinate and breccia— Lu mped u nit of
g ray thin driblet flows and dark red ag g lu tinate, spatter, scoria, breccia and tu f f representing  mu ltiple eru ptiv e
ev ents; most specimens contain plag ioclase, clinopyroxene and oliv ine; u pper material is probably associated
with lav as of Hill 9395; contains thin bed (±3 m) of white accretionary lapilli tu ff layers (T wal) in rav ine east of
T rail 25; sev eral layers contain balls ≤0.5 cm in diameter of opalized mu d with a few tiny feldspar and mag netite
crystals; u nit T wbb u nderlies lav as of T wbt and is cu t by v ariou s dikes and plu g s; ov erlies u nits T w f, T wsc and
T wtb; ag es of v ariou s deposits u nknown; maximu m thickness abou t 100 m (T wbb = Bu rnt ochre – P C943; T wal =
P oppy red – P C922).
04-02-10-00-00— U nit— T wf— Aphyric trachybasalt sou th of Arg entina S pring —Mu ltiple flows of dark g ray to
g reenish g ray aphyric basalt with sparse phenocrysts of plag ioclase and clinopyroxene in altered g rou ndmass of
plag ioclase, clinopyroxene, opaqu e oxides and oliv ine; alteration consists of silica, Fe-oxides, sericite, chlorite
and epidote (?); u nit extends sou th to S pring  P oint area; u nderlies T wbb, T wsp and T wap; ov erlies T was and
T wsc; ag es of v ariou s flows u nknown; maximu m exposed thickness abou t 130 m (P eacock – P C1027).

04-02-11-00-00— U nit— T was—Arg entina S pring  tu f f— Black to g ray to pale tan, slig htly welded to densely
welded, lithic-rich, biotite rhyolite ash flow tu f f (ig nimbrite); contains flattened welded pu mice (fiamme) with
maximu m aspect ratio of ≥25:1; bottom of u nit resembles reomorphic tu f f (Branney et al., 2008); small abu ndant
phenocrysts consist of sanidine, plag ioclase, biotite, opaqu e oxides, ≤2 % qu artz and tiny altered hornblende (?)
in banded eu taxitic g rou ndmass; some bands contain spheru lites; pu mice, spheru lites and bands contain
deu teric tridymite and fine alkali feldspar; alteration consists of silica, sericite and Fe-oxides; lithic frag ments
consist of white chert to fine-g rained sandstone and a v ariety of lig ht to dark-colored v olcanic rocks; also
contains flattened mafic clots; u pper layers of u nit conceiv ably represent another tu ff (Bu cky P astu re tu f f) in
G odfrey Hills to west; sou rce of tu f f is u nclear; u nderlies T w f, T wap, T w fa, and T nt; interbedded in T wb; ov erlies
T wsc and T wl; ag e u nknown; maximu m thickness is rou g hly 100 m (P oppy red – P C922).

04-02-12-00-00— U nit— T wsc— S pring  Canyon trachydacite—(formerly trachyandesite of S pring  Canyon,
T hompson, 1972, 1973)— T hick, cliff-forming  lav a of aphyric, flow-banded trachydacite; contains v ery sparse
small phenocrysts of plag ioclase in felty g rou ndmass of tiny plag ioclase, clinopyroxene, biotite and mag netite;
some specimens are spotted with clots of tiny plag ioclase; biotite is difficu lt to find at many locations; alteration
consists of minor qu artz, sericite and Fe-oxides; v ent area for u nit is ju st east of Hill 9350; ov erlies v ariou s W alker
lav as and breccias (T wl and T wb); u nderlies T was, T wf and T wbb; ag e u nknown; maximu m exposed thickness
near v ent is 110 m (G oldenrod – P C1034).
04-02-13-00-00— U nit— T wtt— P orphyritic trachydacite tu ff east of Little Bear Canyon— P ossible eroded v ent of
brownish g ray, porphyritic, frag mental tu f f; caps small hill on rid g e north of Cone P eak; contains phenocrysts of
plag ioclase, Kspar (?), mag netite, v ery altered biotite and hornblende, and rare qu artz; lithics consist of mafic
v olcanic rocks. T u f f is qu ite altered containing  silica, sericite, chlorite, smu d g y opaqu e oxides, other Fe-oxides
and sparse epidote; ov erlies W alker lav as and minor interbedded breccias (T wl); ag e u nknown; thickness abou t
30 m (S u nbu rst yellow – P C917).
04-02-14-00-00— U nit— T wpa— P orphyritic trachyandesite—Circu lar, v ent-like body of dark g ray, massiv e to
scoriaceou s trachyandesite with 0.5 cm long  phenocrysts of plag ioclase in g rou ndmass of plag ioclase,
clinopyroxene and altered g lass; su rrou nded by hydrothermal breccia at G reat W estern Mine; alteration consists
of clay, silica, Fe-oxides, and chlorite; maximu m exposed thickness abou t 40 m; ag e u nknown (Apple g reen –
P C912).
04-02-15-00-00— U nit— T wtx— P lag ioclase porphyritic trachybasalt to basaltic trachyandesite—Distinctiv e g rou p
of related lav as distribu ted throu g hou t north and west qu adrang le; consists of dark g ray to g ray porphyritic
lav as that contain larg e jackstraw plag ioclase and plag ioclase clots; typical specimens contain 15-20% elong ate
plag ioclase laths u p to 2 cm long  in a g rou ndmass of plag ioclase, clinopyroxene, altered oliv ine, opaqu e oxides
and g lass. Lav a in lower N og al Canyon (N E corner of qu adrang le) contains additional g rou ndmass phlog opite
(?); alteration consists of silica, calcite, sericite, chlorite, epidote, and Fe-oxides. Between u pper Barber Rid g e and
Bru sh Canyon areas, T wtx consists of two su perimposed lav a flows separated by layer of T wba; stratig raphic
relations elsewhere are u ncertain, althou g h the u nit probably occu rs in the central part of the W alker lav a
packag e (T wl); ag es of v ariou s flows u nknown; maximu m thickness is rou g hly 25 m (V iolet – P C932).

04-02-16-00-00— U nit— T wba— P orphyritic trachyandesite—Black to g ray to blu e-g ray flows and flow breccias of
porphyritic trachyandesite containing  phenocrysts of plag ioclase ± Kspar in g rou ndmass of plag ioclase,
clinopyroxene ± hornblende ± biotite and dev itrified g lass; g enerally displays arg illic to weak propylitic
alteration; ov erlies T wb in northwest slopes of qu adrang le; interbedded with both T wtx and T wtb; v ariou s flows
not dated; maximu m exposed thickness abou t 245 m (T ru e blu e – P C903).
04-02-17-00-00— U nit— T wtb— T rachybasalt and tephrite—Dark g ray, fine-g rained trachybasalt to tephrite lav as
that form conspicu ou s thin (≤20 m) shelv es within u nit T wb described below and forms a packag e of flows (often
with spotted textu re) and interbedded breccias in the northwest part of the qu adrang le; flows interbedded in
T wb are equ iv alent to u nit T v tf of Moore et al., (1988); u su ally contains small phenocrysts of clinopyroxene ±
idding sitized oliv ine; g rou ndmass consists of plag ioclase, au g ite, mag netite, apatite, oliv ine ± biotite ± nepheline;
g enerally displays arg illic to weak propylitic alteration; ov erlies Cu b Mou ntain Formation (T cm) in the S E corner
of qu adrang le; indiv idu al flows not dated; maximu m exposed thickness abou t 260 m (Imperial v iolet – P C1007).

04-02-18-00-00— U nit— T wb/T wbc—Breccia-rich u nit, u ndiv ided— P u rple g ray to reddish brown v olcanic breccia
consisting  of flow breccia, debris flows, mu d flows, minor pyroclastic deposits, minor lav a flows and su bordinate
v ent breccia; clasts consist primarily of aphyric to porphyritic tephrite, trachybasalt and trachyandesite (u nit T sb
of T hompson, 1972, 1973). Typical breccia frag ments are 5 to 20 cm in diameter althou g h some are more than 1 m
across; breccia frag ments g enerally constitu te more than 50% of the rock; most frag ments are rimmed with
earthy red hematite. T he breccia matrix is fine-g rained containing  alteration produ cts of Fe-oxides, clay, zeolites,
calcite and chlorite ± epidote. An analysis of a larg e clinopyroxene-porphyritic clast from a thick monolitholog ic
breccia in lowermost S pring  Canyon area (west end of cross section A-A’) is basaltic trachyandesite. Base of u nit
is not exposed throu g hou t most of N og al P eak qu adrang le. Maximu m thickness is at least 550 m. Another
breccia-rich horizon occu rs beneath the N og al P eak trachyte near the northern ed g e of the qu adrang le. T his
horizon consists of rou g hly 150 m of pu rple g ray to reddish g ray v olcanic breccia with 25% interlayered lav a
flows of alkali basalt to trachyte composition and is equ iv alent to a roof pendant of v olcanic breccia ov erlying
the N W  portion of the Rialto S tock. S ome areas of breccia particu larly rich in ag g lu tinate, scoria and spatter are
mapped separately (T wbc). Ag e of the lower breccia is u nknown bu t is estimated to be between 38 and 32 Ma
(T hompson, 1972; Moore et al., 1991) (T wb = French g rey 50% - P C1072; T wbc = T erra cotta – P C944).

05-00-00-00-00—Heading  02—Late Eocene— Late Eocene— Late Eocene

05-01-00-00-00— U nit— T sc— S anders Canyon Formation— G ray to pu rple g ray v olcaniclastic sediments
consisting  of sandstone, mu dstone and minor cong lomerate (Cather, 1991); prov enance of most v olcanic detritu s
is thou g ht to be deriv ed from intermediate composition v olcanic sou rces to the sou thwest; contains some
interfing ering  lenses of S ierra Blanca deriv ed pebbles and cobbles near the top of u nit; contact with ov erlying
W alker breccia (T wb) is g radational; contact with u nderlying  Cu b Mou ntain Formation (T cm) is also somewhat
g radational; type reference section for S anders Canyon Formation (T cm) occu rs in v icinity of Chav ez Canyon in
northwest map area; ag e is thou g ht to be Eocene; thickness in reference section is 150 m (Bu rnt ochre – P C943).

06-00-00-00-00—Heading  02—Eocene—Eocene—Eocene

06-01-00-00-00— U nit— T cm—Cu b Mou ntain Formation— S ediments composed of interlayered, white to
yellowish brown arkosic sandstone and red, maroon, and g reenish g ray mu dstone, siltstone and fine-g rained
sandstone (Bodine, 1956; Moore et al., 1988). U nit contains thin lenses of chert, qu artzite-pebble cong lomerate
and silicified wood. U nconformably ov erlain by u nits T sc, T wb, and T wtb. Ag e is thou g ht to be Eocene (Cather,
1991). Exposed thickness in map area is rou g hly 65 m (G oldenrod – P C1034).
07-00-00-00-00—Heading  02—Cretaceou s—Cretaceou s—Cretaceou s

07-01-00-00-00— U nit—Kmv —Mesa V erde G rou p—Interbedded, lig ht g ray, yellowish g ray, and reddish g ray,
massiv e to mediu m-bedded, fine- to mediu m-g rained sandstone of continental marg in or ov erbank riv er deposit
orig in (Moore et al, 1988); mediu m-dark g ray carbonaceou s siltstone; and a few coal beds in carbonaceou s
siltstone; exposed only in extreme S W  corner of qu adrang le where thickness is rou g hly 30 m (T ru e g reen –
P C910).
07-02-00-00-00— U nit—Ku —Cretaceou s rocks, u ndiv ided (cross sections only)— U ndiv ided stack of sedimentary
rocks consisting  of Mesa V erde G rou p (U pper Cretaceou s), Mancos S hale (middle to u pper Cretaceou s), and
Dakota sandstone (lower to middle Cretaceou s); see Rawling , 2004b for disting u ishing  characteristics of each
u nit. Most of this stack is not exposed on N og al P eak qu adrang le. Ag g reg ate thickness is abou t 680 m (Rawling ,
2004b) (T ru e g reen – P C910).
08-00-00-00-00—Heading  02— T riassic— T riassic— T riassic

08-01-00-00-00— U nit— T Rsr— S anta Rosa Formation (cross section B-B’ only)— G ray to blu ish g ray limestone
and dolomite; u nit is not exposed on N og al P eak qu adrang le; estimated thickness ≤45 m; see Rawling , 2004b for
disting u ishing  characteristics (Cool g ray 70% - P C1065).
09-00-00-00-00—Heading  02— P ermian— P ermian— P ermian

09-01-00-00-00— U nit— P u — P ermian rocks, u ndiv ided (cross section B-B’ only)— U ndiv ided stack of
sedimentary rocks consisting  of G raybu rg  Formation (u pper P ermian), S an Andres Formation (middle to u pper
P ermian), and Yeso Formation (middle P ermian); this stack is not exposed on N og al P eak qu adrang le; estimated
thickness ≤925 m; see Rawling , 2004b for disting u ishing  characteristics (Lig ht aqu a – P C992).

Explanation of Map
01.01.01 Contact—Identity and existence are certain. Location is accu rate.

01.01.03 Contact—Identity and existence are certain. Location is approximate.

01.01.04 Contact—Identity or existence are qu estionable. Location is approximate.

01.01.07 Contact—Identity and existence are certain. Location is concealed.

01.01.19 G radational contact—Identity and existence are certain. Location is approximate.

01.01.38 Contact—Identity and existence are probable. Location is approximate.

01.02.01 Key bed—Identity and existence are certain. Location is accu rate.

01.02.03 Key bed—Identity and existence are certain. Location is approximate.

01.03.01 Dike (1st option)—Identity and existence are certain. Location is accu rate.

01.03.02 Dike (1st option)—Identity and existence are certain. Location is approximate.

01.03.03 Dike (2nd option)—Identity and existence are certain. Location is accu rate.

01.03.04 Dike (2nd option)—Identity and existence are certain. Location is approximate.

01.03.05 Dike (3rd option)—Identity and existence are certain. Location is accu rate.

01.03.06 Dike (3rd option)—Identity and existence are certain. Location is approximate.

01.03.09 Dike (5th option)—Identity and existence are certain. Location is accu rate.

01.03.10 Dike (5th option)—Identity and existence are certain. Location is approximate.

01.03.11 Dike (6th option)—Identity and existence are certain. Location is accu rate.

01.03.12 Dike (6th option)—Identity and existence are certain. Location is approximate.

02.01.01 Fau lt (g eneric; v ertical, su bv ertical, or hig h-ang le; or u nknown or u nspecified orientation or sense of slip)—Identity and existence are certain. Location is accu rate.

02.01.03 Fau lt (g eneric; v ertical, su bv ertical, or hig h-ang le; or u nknown or u nspecified orientation or sense of slip)—Identity and existence are certain. Location is approximate.

02.01.04 Fau lt (g eneric; v ertical, su bv ertical, or hig h-ang le; or u nknown or u nspecified orientation or sense of slip)—Identity or existence are qu estionable. Location is approximate.

02.01.07 Fau lt (g eneric; v ertical, su bv ertical, or hig h-ang le; or u nknown or u nspecified orientation or sense of slip)—Identity and existence are certain. Location is concealed.

02.02.01 N ormal fau lt—Identity and existence are certain. Location is accu rate. Ball and bar on downthrown block.

02.02.03 N ormal fau lt—Identity and existence are certain. Location is approximate. Ball and bar on downthrown block.

02.02.04 N ormal fau lt—Identity or existence are qu estionable. Location is approximate. Ball and bar on downthrown block.

02.02.07 N ormal fau lt—Identity and existence are certain. Location is concealed. Ball and bar on downthrown block.

02.02.38 N ormal fau lt—Identity and existence are probable. Location is approximate. Ball and bar on downthrown block.

02.07.01 O bliqu e-slip fau lt, rig ht-lateral offset—Identity and existence are certain. Location is accu rate. Arrows show relativ e motion; ball and bar on downthrown block.

02.07.07 O bliqu e-slip fau lt, rig ht-lateral offset—Identity and existence are certain. Location is concealed. Arrows show relativ e motion; ball and bar on downthrown block.

19.01.01 V ein, v einlet, or mineralized string er—Identity and existence are certain. Location is accu rate.

19.01.03 V ein, v einlet, or mineralized string er—Identity and existence are certain. Location is

19.01.23 Metamorphic facies bou ndary— S howing  approximate bou ndary between diag nostic mineral assemblag es

02.11.12 Lineation on fau lt su rface— S howing  bearing  and plu ng e.

06.02 Inclined bedding — S howing  strike and dip.

08.02.03 Inclined flow banding , lamination, layering , or foliation in ig neou s rock— S howing  strike and dip.

08.02.04 V ertical flow banding , lamination, layering , or foliation in ig neou s rock— S howing  strike.

18.55 S mall cone, v ent, cinder cone, or spatter cone

19.03.01 P rospect (pit or small open cu t)

19.3.25 Drill hole for mineral

30.3.12 S pring , as shown on topog raphic maps or on g eneral-pu rpose or smaller scale maps

31.22 Field station

31.21 S ample locality— S howing  sample nu mber.

19.01.17 Zone of mineralized or altered rock— S howing  low lev el of mineralization.

31.10 Cross section line and label


