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ABSTRACT

Rocks exposed in #he southern Bear Mountains were Fformed
during middle and late anozoic t;mé. In ascending strati-
gréphic order Ehe major rock units are: (li the Spears-
rormation (37 m.y.), a thick éile of latitic to andesitic
coﬁglomerates and sandstones with laharic breccias, ash-flow
tuffs and lava flows in its upper third, (2) the Hells Mesa
Formation (31-32 m.y.), an alternatiné sequence of guartz
latitic and rhyolitic ash-flow tuffs separated by thin ande-
site flows, (3) the La Jara Peak Formation (24 m.y.), a thick
pile of basaltic~andesite flows with minor volcaniclastic
‘sedimentary rocks, aﬁé"(4) the fanglomeraﬁes of Dxy Lake
Canyon, a thick wedge of epiclastic sedimentary rocks derived
hf erosion of the La Jara Peak Andesite during late Cenozoic
block faulting. |

The Hells Mesa Formation consists of eight members in
the southern Bear Mountaiﬁs;"fhese meﬁbers, listed in ascepéw
ing stratigraphic order are: the tuff of Goat Spring, ande-
site Fflows 1, the lower tuff of Bear Springs with interbedded
tuEf of La Jencia:Creek, andesite flows 2, the upper tuff of.
Bear Springs, .andesite flows 3, and the tuff of Allen Weli.
Two distinctly different types of ash flows, a c;ystal-rich

Juartz latitic wvariety and a crystal-poor rhyoliﬁ;c variety,

S
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occur repeatedly in the section. Tﬁe two varieties either
originated Ffrom different levels of a fractionally crystal-
lizing éagma chambex or:from two different pyroclasfic
sources active at the same time. Primary laminax flow struc-
tures in the tuff of Bear Springs indicate that the source
area l;y somewhere south or southwest of Magdalena.

At_least two ﬁajor periods of faulting have affected
the area since middle Tertiary #ime. Puring the late Oligo-
cene, an intense zone of north-trending ﬁo;mal faul?s cut
the Spears and Hells Meéa Formations and localized the em—-’
placeﬁent of'hypabyssal intrusives of andesitic, monzoﬁitic,
and gfanitic composition. ‘Two of these stocks have been
da?e& at 28 m.'f; In Miocene and Pliocene time, the Bear
ﬂountains were uplifted and tiltéd wegtward by block faulting
related to the Rio Grande rift., At the same time northeast-
trehding oblique-slip faults en echelon with the San Augustin
graben dr@pped the southern Bear Mountains to form a trough
betweeﬁ the Magdélena Mountains and the high part of the Bear
ﬁountains.

Surfaée mineralization withih the study area is restricted
to epithermal vein deposits margina£ to the La Jencia monzonite
stock. Replaéemgntwtype deposiﬁs méy be found in the undeglying
?aleozoic limestones but such deposits would be buried beneath

§ Tertiary volcanic cover f£from 2000 to 2500 feet thick near
T~
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- the La Jencia stock. Surface mineralization in this area
is very weak and does not‘offer much encouragement for deep
explorétion. A possible exploration target may exist -just
west of the map area. Uplift and tilting of the Hells Mesa
Formation and iptense hydrothermal alteration along Council
Rock Arroyo suggest the possibility of stock intrusion in

this area..




. INTRODUCTION

_§§ateﬁent of the Problem

The purposé of this investigation is to determine the
stiatigraphic and structural relationships of the Tertiary
volcanic rocks and hypabyssal intrusive rocks in the southm
ern Bear Mountains. The study was unde;taken as part of an
extensive ﬁapping project of the Magdalena area presently
being conducted by the New Mexico Bureau of Mines and Min-
eral Resources.

’A detalled geologic knowledge of the southern Bear
Mountains is important for two reasons:
1. The stratigraphic units are strategically located

for correlation southward into the Magdalena wmin-~

-

. ing district, eastward to the Rio Grande rift

“; zqne; and westward into the heart of the Mogollon

Plateaun voicanic province.

- 2. Future exploration of the ﬁagdalena mining district
is dependent ﬁpon an adequate stratigraphic and
strgctural framework which heretofore has not been

available,

Location and Aécessibility

The area of investigation is located north of Magdalena,

New Mexico. Physiographically, the area includes the south

—
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ern end of the Bear Mountains and a group of unnamed hills
at the north end of the Magdalena Mountains. The area con-
sists of gbout 50 square miles within the Silver Hill and

Magdalena topographic quadrangles. Boundaries are the

.Pueftecito Quadrangle on the north,.La Jencia Creek on the

south, Snake Ranch Flats on the east,.and the western flanks

of the Bear Mountains on the west. The area lies almost

entirely within the Cibola National Forest. Geologically,
the study area is situated %t the northeastern tip of the
Mogollon Plateaﬁ volcanic province nearx the boundary be-
tween the Basin and Range province and the Colorade Plateau
province.

Access to the e%ééern part of the area is provided by

an unpaved road from Magdalena to Riley. The western part

e

. of the area can be reached by State Road 52, which has re-

cently been paved. These two main roads are connected by
an unimproved dirt road which bisects the area and passes
through the vicinity of Bear Springs. In addition, there

are a number of trails used by ranchers and woodcutters

 vwhich provide easy access to almost any point by four-

wheel drive vehicle.

Methods of Investigation
Detailed geologic mapping was conducted at a scale of

1:24000. A base map was prepared by enlarging part of the

M
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Maédalena 15-minu£e quadrangle to a 7.5-minute scale and
joining it to part of the Silver Hill 7.5-minute quadrangle.
U. 8. Geoloéical Survey aerxrial photographs of the Gé-VMA
(1956) and GS~VART (1963) series were used as guides to the
locgtion apd configuration of outcrops.

Eighty thin sections were made from samples taken
along é stratigraphic section measured jointly with C;-E.
Chapin of the New Mexico Bureau of Mines. Twenty-five .
additional thin sections were made of rocks fromlelsewhere
. in the area. Petrographic anélyses were made using a Zeiss
microscope equipped with a Swift automatic point counter.
Modal anélyses of samples from the measured section were

prerformed by Doﬁgiasmé§Wan and James Bruning and checked
by the author. Mineral grains were counted on a rectangular
grid 1/3 mm. x l.b'mm., giving 2000 to 2500 points per thin
séction for tﬁe upper and 1ow¢r tuff of Bear Springs and

1200 to 1400 points for the tuff of CGoat Spring.

Previous Investigations

~
b

h
The earliest work done in the Bear Mountains was that

of general reconnaissancé. In 1900, C. L. Herrick conducted
a reconnaissance survey of western Socorro and Valencia
counties. H; briefly noted that the Bear, Gallinas, and
Datil Mountains(are composed oOf trachyté and rhyolite in-

trusives. In 1920, D. E. Winchester published the results

~
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of an investigation of the geology along Alamosa Creek,
now known as the Rio Salado. Winchester named the entire
Tertiary-sequence of the Datil Formétion after thé Datil
Mountains and described the type section at the north end
of the Bear Mountains. ' In 1928, ﬁ. H. Darton published
his regional “Red Beds" study, which contained a summary
of his reconnaissance in the area, as Weil as Winchester's
previous wﬁrk.

Loughlin and Koschmann (1942) studied the Magdalena
mining district, and noted that some of the Textiary vol-
canic rocks extend to the north. and northwest outside the
district. W. H. Tonking (1957) made the first'detailed
study of éhe Datil volcanic rocks north of the‘Magdalena
area. He subdivided the Datil Formation into three mem-
bers, which are in ascending order: (1) The Spears Member,
a thiék‘sééuence of latite tuffs and volganic sediments, (2)
The Hells Mesa Membér, composed of welded rhyolite ash-flow
.tuffs, and {3) The La Jara Peak Member, a thick pile of
basalt and Basaltic andesite flows. Willard (1959) ten-
tatively cérrelated Ténking's La Jara Peak Member with the
Mangas-basalt, a post-Datil sequencel Following Willard's
'Suggestioﬁ, Weﬁex (1963) excluded the La Jara Peak Menber
from the Datil Formation. Weber ({1971) also‘suggested
raising thé Datil Formation to group status in order to

~




-6 -

accommodate subdivision into formations and members.

Johnson (1955) attemptéé to’correlate the volcanic
rocks of the Macgdalena mining district with those of
Tonking's Puertecifdlguadrangle. ﬁe prodncéd a crude map
of the area from Tonking'é southern boundary to the noxrthern
boundary of Loughlin‘and Koschmang‘. D. E. Park (1971)
studied the petrology oﬁ the Anchor Canyon monzonite stock,
which_is located in the Ke;ly mining district.

An importént contribution to the regional geology of
tﬁe Datil~Mogollon volcanic prévigce has been made by
Elséoﬁ and others (1968, 1970) who are presently studying
the Qolcano~tectonic_framework of the Mogollon Plateau area.

A number of K~Ar ages are now available for Datil and
-poéﬁmbatil rocks in the area. Weber and Bassett (1963)
dated a welded tuff near the base of the Hells Mesa Member,
as wéli:aé the Nitt and Anchor Canyon stocks in the Magdalena
mining district. Burke and othexrs (1963) dated the Spears
. Member énd two more welded tuffs from the Hells Mesa‘Member.
Kottlowski, Webef,-and Willard (1969) published a summary of
more than 69 R-Ar dafes of Tertiary rock units in New Mexico
inclﬁding many from the Mogollon Pléteau and surrounding
areas. - More gécently, Weber (1971) has pubiished a list of
RK-Ar dates fro Tertiary rocks in central and western New

Mexico and Chapin (1971-a) has reported a date on the La

-
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Jara Peak Member.
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STRATICRAPHY AND PETROLOGY

_gfe—Tertiarv Rocks
No gocks older than the Tertia;y are exposed within the

thesis area. To the south, Loughlin and Koschmann's map
{1942) shows that on the east side of Granite Mountain the
'baSe of the Spears Formation rests unconformably on the
Madera Limestone of Pennsylvgnian age. To the north, Tonking's
map (l957)_shows that‘the basé of tﬁe Spears rests conform—
ably on the Baca Formation (Eocene). The Baca, in turn,
disconformably overlies the Crevasse Canyon Formation of
Cretaceoﬁs_ége..

..The Magdalgna area is situated on the flanks of a
Liaramide uplift which was sgbjeéted to erosion during de-
position of the_ﬁaéa Formation in adjacent basins. Central

New Mexico was beveled by an erosion surface of moderately

s

low.reiief prior to the beginn%ng of Oligocene wvolcanism
{Chapin, 197lfb5-so that the base of the volcanic pile rests
on prégressively older rocks as the Magdalena area is
approached and the nature of the contact qhanges from
‘conﬁormable in the basins where the_Baca accunulated to an
angular unconformity on the_pgvéleq pplift. It is difficult
tolpredict where this transition occurs within the sfudy

area since no exposures are available.




Tertlary Volcanic Rocks

The rocks exposed in the study area are predominantlf
volcanic rocks and interbedded ﬁolcani—clastic sedimentary
rocks of Tertiaxy age. These rocks can be divided into tﬁo
main unité sepafated by an angular unconformity: (1) the
Datil éroup.comprisea of the Spears and Hells Mesa Form—
ations, and (25 the TLa Jara Peak Formation comprised of
post-Datil basaltic andesite flows. The combined thickness
of thesexvolcanic rocks may be six thousand feet or more

(Figure 2).

Spears Formation

Volcanisﬁ‘began ih the Magdalena area in early Oligocene
time with the accumulation of a thick sequence of epiclastic
volcanic sediment;wand interbedded ash~flow tuffs and lava
flows named the Spears member of the Datil Formation by
Tonking (1957, p. 36~41). The Datil Formation has subse-
quéntly been raised to Group status (Weber, 1971) and the
Spears to formational status (Chapin, 1971-a). A latite
tuff~breceia from the Joyita Hills, approximately 30 miles
east of the Bear Mountains, has been correlated with the
Spears formatiop and dated bﬁ the X-Ar method as 37.1 m.y.
(Weber, 1963, p. 135; 1971, p. 42).

Marked facies changes occur locally in the Spears. At
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Hells Mesa, it consists dominantly of fine-grained fluvial
sediments; in the area studied here, it consists mostly of
coarse volcanic coﬁglomerates but with some volcanic rocks
in the upper part; on Granite Mountain, it consists éf a
thick section of lava flows and ash—~flow tuffs above a rel-
atively thin lower member of volcanic conglomerates; at the
south end of the Kelly district, it changes back to a thick

section of volcani-clastic sedimentary rocks with minor

voleanic rocks near the top (Chapin, 1971, oral communication}.

The base of the Spears is nbt exposed anywhere in the tﬁesis
~area but at the type loéality near_Eells Mesa, purplish
latitic sandstones neay"the base of the Spears are inter—
bedded with fedéish nonveolcanic mudstones and sandstones in
the upper part of the Baca Formation (Tonking, 1957; Potter,

1970).

“iowéf Menmber. The lower portion of the Spears is best
exposed on Nipple Mounﬁain %n the southeast corner of the
area. A nminimum thickness of lgOO feet has been esﬁimated
froﬁ the map, but this figure is very likely exaggerated by
concealed faulting., In the Granite Mpuntain - ﬁipple
Mountain area,‘where the'Spearsuis pfopylitically altered,
the c&lor is géne;ally greenish-gray. This color is atypical
of the reddish to purplish-brown color of the fresh Spears

at Hells Mesa and at the south end of the Kelly district

e
hal e




LA JARA
PEAK

FORMATION
(2"!‘ m;yo )

regional

unconformity

HELLS MBSA

FORMATION
{30 to
32 m.y.)

- 11 -

(iZNﬂ*””“’ DESCRIPTICN
A .
A .
A well-stratified reddish-brown besaltic-
a randesite flows
4 A7) o .
" 1000'interval not shown
A
A
massive Lo autobrecciated redd1sbubrodn
A A basaltic-andesite flows -
A

tuff of Allen Well pink erystel-rich quartsz
latite ash-flow tuffs
reddish-brown fine-grained andesite flows
1= upper tuff of Bear Sorinzs multiple-flow compound
cooling unit of reddish-brown crystalepoor ash-flow tuffls
—\ T~reddish-brown fine-grained andesite flows

_ lover fuff of Besr Springs mulitisle-flow compound

T cooling unit of gray to brown crystal-poor rhyolitic
ash-flow tuffs®

blue-gray porphyrltic Mhurkey-track® andesite flows

WL of Geat Soring multiple-flow simple eonoling
“unit of pink crjstal-rlch quariz latite to rhyolite
ash-flow tuffs

- SPEARS -

FORMATTON |. .

(37 m.y.)

} ———red hematite-stained conglomerate

_——gray poorly welded latitic ash-flow tuffs

/ N .
-:rﬁq;%v;Aﬂd,ﬂ_purplish andesitic conglomerates and mudflow breccias

tuff of dipple Mountain pink erystal-poor ash-flow tuff
blue-gray porphyritic "turkey-track® andesite flows

Purplish to greenish-gray(where propylitically
altered) latitic and andesitic conglomerates and
sandstones

0

500 }boo
1

1

3
Scale (in feet)

PN

* The anproximate position of-the tuff of ILa Jencia Cree&.
a series of crystal-rich quartz latite ash-flow tuffs,

is shown by the wedge.,

Figure 2,

1

L]

Generallzed composite section of the Tertiary volcanic rocks
and volcaniclastic sedimentary rocks in the southern Bear
Mountains,



where Loughlin and Koschmann called it the purple andesite.
Cutcrops of the lower menber consist of a monotonous se;
‘quence of propylitized latitic to andesitic conglomerates
and'sandstoﬁes which range in grain éize from boulder con-—
glomerates to fine grained‘sandstones. Stratification is
generally crude except for the fine grained sandstone beds,
which are usually Qell~stratified and locally cross-—bedded.

In hand specimeﬁ} the lower Spears is well~indurated
and contains rounded latitiq to andesitic clasts ranging in
color from gfayish—green éo purplish~gray or pink. Varying
percentages of pale green feldspar, greenish-black horn—
Plende, biotite, and mgqnetite are visible megascopically.

Petrographicélly, the clasts are similar to the Spears
“latites described by Tonking, except that they are pervasive-
ly altered.in the Nipple Mountain area. The original tex-
tures and minerals have been largely obscured by propylitic
alteration which uniformly penetrates the entire rock render-
ing the boundaries between ciasts and matrix indistinct.
Mgst of the clasts'are porphyritic with abundant trachyt-
ically éligned feldspar and hornblende phenocrysts in a
cryptocrystallihe groundmass which suégests that they are
ffagmenté of lava flows.

| The latites afe'mineralogically uniform and consist

“mainly of plagioclase, sanidine, hornblende, and biotite.

~.
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Individual clasts vary‘considerably, however, in tﬁe
absolute and relative percentages of these major con-
stituents. Accessory minerals include apatite and quartsz.
Epidote, chlorite, caléite, magnetite; and hematite are the
usuai alteration producté. The dreenish color of the lower
Spears is caused by the presence of chlorite and epidote,
while the pinkish cclor of somé clasts is probably due to
finely divided hematite in the groundmass.

flagiociaée is the most abundaﬁt phenocryst and wvaries
from 10 percent to QOApercent} It coccurs as subhedral
grains from 0.1 to 1.5 mm long and is highly altered to
clays and epidote. ,Sé?igine is approximately equal in
amount to plagibciase and occurs as subhedral grains fronm

0.3 to 1.5 mm long. The sanidine 1s generally less altered

than the plagliociase but most grains show varying degrees of

érgillic alteration. Hornblende is present as euhedral to
subhedral pseudomorphs ranging in length up to 1.5 mm. The
originai hoxnblende has bee; replgced by epidote, chlorité,
and magnetite., Biotite is usually replaced by chlorite and

magnetite.

Upper Menmber. At the top of Nipple Mountain about 80

. feet of volcanic rocks overlie the sedimentary rocks of the

lower Spears. The lower 30 feet consists of a blue-gray,

8
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anygdaleoidal, "turkey-track" andesite.flow with 15 percent
zoned.plagioclase phenocrysts. Above this, the very top of
Nipple Mountain is capped by about fifty feet of pink,
weldéd, crystalwpéor ash-flow tuff, de;ignated the tuff of
Nipple Mountain iﬁ‘this repoxt. The ash flow contains about
five percent sanidine phenocrysts and a few percent dark
andesitic lithics. These volcanic rocks mark a transifion
in -the Spears from the lower member of volcani-clastic
sedimenfary rocks to an upper menber of.andésitic lava f£lows
and latitic ash flows interbedded with laharic breccias and
fluvial sediments. The best exposures occur in La Jencia
Box southwest of Nipple Mountain, where the sgection contains
more laharic b?eccias and interbedded andesite flows than it
does farther north. In La Jencia Box the upper Spears becomes
predominantly mudfloﬁ breccias which grade upward impercepti-
bly into welded lithic-rich ash flows; these crystal~rich,\
ash flows qreatlf resemble Fhe basal 20 to 40 feet of the
tuff of Goa£ Spring and corxrelate with the upper latite of
Laughlin and Koschmann (;1942, p. 25).

North of La Jencia Creek the upper member forms the
lowexr slopes of the tilted fault-block ridges along the
eéstern margin of'fhe area where it crops out poorly because
of ﬁantling by talus from the overlying tuff of Géat Spring.

- In this area, outcrops cccur only where gulleys have trenched

PRI N
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into the talus. Most of the flat-floored pediment surfaces
along the eastern margin of the Snake Ranch Flats are prob-
ably underlain by the upper part of the Spears. A section
- of the uppex membeﬁ of the Spears was measured about 3/4-
mile northwest of Goat Spring aloﬁg the steep eastern slope
of a prominent peak. The measured sectién (Figure 2) begins
in a bluish-gray, prophy;itic *turkey-track" andesite flow,
similar to the one on Nipple Mountain. Above the andesite
flows are about 220 feef of reddish~brown to reddish-purple
conglomerates, sandstones, and mudstones. The conglomerates
contain rounded claéts ranging in size from one inch to six
inches in diameter with occasional bouldexs up to one foot,
The imbrication of the clasts indicates a northerly direct;on
of transport foxr the sediments. The clasés are predominantly
reddish-brown porphyritic latite and "turkey-track" andesites
similar to the underlyiﬂg flows. Interbedded with the con-
.glomerates are thin sandstone layers up to six inches thick.
Above these sediments, ééproximately 200 feet of latitic
ash-flow tuffs were measured. The tuffs areAlight purplish~
gray, poorly weldgd, and occasionally sﬁow a north~scuth
lineation defined by elongated pumice.' Chalky white plagio-—-
‘clase, bronzy biétite, and dark-brown pofphyritic andesitic
lithic fragments characterize the hand épeciméns. Often

the compaction foliation is defined by gray streaky pumice.
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Figure 3. Latitic mudflow breccia in the upper Spe
Formation showing angular to subrounded andesite and la-
tite clasts "floating" in a crystal-rich matrix.
white specks in the matrix are altered plagioclase crys-
tals. Note the lack of sorting and stratification.
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upper Spears Formation.
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Poorly Welded_iétitic-aSh—flow tuff in the

. : Close~up of surface shows
white poorly welded pumice,dark andesite lithic frag-
ments, and abundant chalky-white feldspar crystals.




— G - e TN
- - = PRSP AR e e LA L R L | F o A
™ T PYICESTIR B e A S N AN D AR S TS [ T Y < g I e T e AT N ¥
T T R I N B e A Sl K T o A Lo B L e PR R B gt o st W W o]

SIS L S Pt ey 3Rl s ey e L I AR S SR PRI o

- 17 =~

Al
i
|
:
;
H

In places it is difficult to distinguish the Spearsg ash

flows from the overlying quartz-poor base of the tuff of

Goat Spring.

The top of the Spears is marked by a distinctive

hematite~stained conglomerate. The conglomerate is zero I
to forty feet thick and contains hydrothérmally altered
clasts coated with reddish~browﬁ hematite. Many of the :
clasts are so gltered and silicified as to resemble chert,
but close inspection usually reveals relict phenocrysts.

Several small prospect pits have been dug at this horizon

along the east edge of the study area. The hematite;
stained clasts are easi}y;recognized in the float; thus
this conglomerafe provides a useful marker bed at the top'
of the Spears.

Because of their soft, porous nature, the ash-flow

tuffs in the Spears at the measured section are highly

altered and little can be 1e§rned about them petrographically.
Théir-texture is porphyritic and seriate, with abundant feld-

spar phenocrysts grading in size from laths 1.0 mm long down

to grains barely discernible from the groundmaés. The in~ é
dividual feldspar grains are often broﬁen and show a crude

alignment parallel to the compaction foliation. Only a faint

eutaxitic structure is visible because of the low degree of

welding and the high degree of alteration,

HE
e .




- 18 -

] Mineralogically, the ash flows seem to resewble the
latite clasts in the lower Spears, except that hornblende
is absent. The thin sections contain from 20 percent to

40 percent feldspar phenocrysts; plagloclase and sanidine

are both present, but alteration makes it difficult to

estimate thelr relative proportions.: Plagicclase appears

to be more abundant, and occurs ag subhedral, often broken,
grains from 0.1 mm to 1.5 mm long. The phenocrysts are

highly altered to clays and calcite. Sanidine ranges from

0.1 mm to 1.0 mm in length, and shows varying degrees of

argillic alteraﬁioﬁ, from inciplent to complete replacement.
I' " A few percent biotite occurs as small opaque grains replaced
by iron oxide. %races of clinopyroxene, quartz, apatite,
and muscovite are also present. The groundmass is aphanitic
and has been replaced by a finewgralned aggregate of clay

minerals and calcite.

Hells Mesa Formation
The Hells Mesa Formation is a thick series_of walded

quartz latite to rhyolite ash~flow tuffs and interbedded

andesite flows. Tonking (1957, p. 24-~30, 56) named the

unit for Hells Mesa at the eastern edge of the Bear Moun-

tains and measured a type section at this locality (Sec.

31, . 2N. R. 4 W.; Puertecito Quadrangle}. He gave the

\\.,
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unit member status in the Datil Formation, but the Datil
has since been raised to group status and the Hells Mesa
is considered here as a formation. Tonking measured only
289 feet of- the ﬁells Mesa at his type section which
represents only the thin edge of the formation. In the
southern Bear Méuntains the Hells Mesa attains a thickness
of about 1700 feet and has been‘subdivided in this report -

into seven members, as described in the following paragraphs.

Tuff of Goat Spring. The tuff of Goat Spring is the

informal name proposed here for the basal member of the
Hells Mesa Formation. It is a distinctive unit in the
Beayx, Gallinas, San Matéo, Lemitar, and Magdalena Moun- -
tains and will undoubtedly be considered a separate- form-
ation when more régioﬁal work is done. This unit was
mistggenly identified as a rhyolite porphyry sill, first’
by Loughiin and Xoschmann (1942) and later by Jchnson
(1955). It is. actually a-multiple~flow, simple cooling
unit of welded quartz latite'to rhyolite ash-flow tuffs.
A sample from the base of the unit was dated by the K-Ar
méthod as 30.6 ¥ 2.8 m. y. (Weber and Bassett, 1963).
The ﬁuff of Goat Spring covers abéut five square

miles of the study area. Its main area of outcrop extends

in a northerly manner from Granite Mountain on the south
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Figure 5. Stratified outcrops of the Hells Mesa Formation
‘near Béar Springs draw. Double ledge at the top of the
hill is formed by the contorted and pumiceous ash-flow
units which cap the lower cooling unit in the tuff of Bear
Springs. Middle slope-forming part is underlain by the
gray massive unit of the tuff of Bear Springs. Dark
ledge~forming outcrops at the base and in the foreground
are the tuff of Goat Spring. View is looking southwest:

Tres Montosas are the high peak just v151ble to the right
of center.
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along the eastern margin of the area to Hells Mesa on the
north.- At Hells Mésa it forms the basal 175 feet of
Tonking's measured section. 1 Tts maximum thickness has
been measured as about 640 feet near Goat Spring (NW %,
Sec. 26, T. 1 S., R. 4 W.) and it thins rapidly northwaxrd
into the Pugrtecito Quadrangle.

The tuff of Goat Spring outcrops as prominent cliffs
and hogback ridgés. It weathers distinctively into large
rounded blocks bounded by jeoints. Many outcrops have
elongated cavities up to four inches long where pumice has
been removed by weathering.

Fresh hand specimens range in color from pinkish-gray
to purplish gra& and Gééther to buff or gray. Most speci-
mens are densely weléed and crystal-rich with phenoclasts
accounting for 40 to 50 percent of the rock. Phenoclasts
include sanigine, smoky quartz, and coppery biotite.
Locally, aphanitic pur@lishnbrown li#hic fragments and
gray flat£ened pumice are agundant;

In thin section, samples are distinctively porphyritic
and contain from 40 to 50 percent broken and partially‘reﬂ
sorbed crystal fragments. Qomminution of thelcrystals

during emplacement has produced a seriate texture charactexr-

Tonking's section, p. 56, is upside down,



.ized by a complete gradation from large crystals 3 mm in
diametar down to fragments 0.0l mm oxr less in diaﬁeter.

Sanidine is the most abundant phenoclast and varies
from 10 to 30 percent of the rock. It occurs as subhedral
to euhedral grains from 0.1 mm to 4 mm in length with an
averége length of about 1.5 mm. Most grains are partially
resorbed and show incipient alteration to clays and hematite
along cleavages which gives the sanidine its pinkish cast
in hané&specimen.

Plagioclase varies from 10 to 20 percent of the rock
and averages about 12 percent. The grains are subhedral
to euhedral and usually have corxroded and embayed borders.
The plagio?lasefis geﬁé&glly smaller than the sanidine and
ranges f£rom 6.1 mm to 1.5 mm in length. Various degrees
of alteration to clays and calcite are present, ranging
from incipient alteration a;ong cleavages to complete re—
placement. The compositions.of the plagioclase phenoclasts
in a number of saméles were determined using'the Fouque
method. The average composition was determined as sodic
‘andesine and there appears éo be a systematic vériation
in the plagioclase composition from about Any; near the
base of the unit to about An 3¢ near the top.

Quartz occurs as large rounded grains from 1 mm to

3 mm in diameter. It is absent or very scarce in the lower

.
S



_TFigure 6. Tuff of Goat Spring. Low magnification (4X)
shows the abundance and range in size of crystal frag-
-ments. Altered feldspars are light gray, quartz is
white, biotite and opaques are black.
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10 to 20 feet of the unit, then increases abruptly to about
5 percent of the rock and continues to increase to about:

15 percent near the top. Most grains have embayed borders
and holes £illed with groundmass glass.

From 1 to 4 percent biotite occurs as yellowish~brown
pleochroic grains partially to completely altered to iron
oxide. Minor aﬁounts of pyroxene may have been present as
suggested by pale brown pseudomorphs with eﬁhedral ocutlines.
The pseudomorphs are composed of calcite’and ﬁave magnetite
borders. The original cleavage traces ﬁave been presexrved
by magnetite réplacement in some grains.

The groundmass of-t@ese cxystal-xrich ash-flow tuffs
is pale.bIUWn and i& usually devitrified to radiating
aggregates of féldspar and cristobalite. Under high mag-
nification, small patches of glass, broken phenoccryst
fragments, and finely divided hematite can be seen.

Lithic fragments are common in the tuff of CGoat Spring,
especially in tﬁe.upper and lower parts of the unit wvhere
they constitute as mﬁch‘as 15 peréent of the rock. Most
of the fragments are angular and range £from 2 mm to 8 cm
in diameter. The most common type'of.lithic is reddigh-
brown, porthriEic andesite with argillized plagioclase
rhenoccrysts and magnetite pseudomofphs after biotite in

an opaque, hematized groundmass. Near the base of the

e,
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unit, a few porphyritic "Spears-type" latite fragments
‘are present.

A stratigraphic thickness of 640 feet was meaéured
northwest of Goat Spring (Sec. 26, T, 1L 8., R. 4 W.). The'
modal variations and sample locations are shown dlagram-—
atically'in Figure 7. Phenocryst modeé'wére point counted
from thip sections by"Douglas Cowan; modal data for pumice
and lithics wexe éstimated visually in the field and in
hand specimen by tﬂe_author. The tuff of Goat Spring is-
relatively homogeheous throughout its thickness, both in
mineraloéy and degree of welding. The total amount of crystalé
increases abrﬁptly ih thg basal 30 feet to an average -of
about 47 percent for the unit; a more crystal-rich zone is
evident between 150 and 250 feet above the base. Quartz
increases upward in a‘somewhat errgtig manner fo achieve a
maximum of 15 percent in the upper 130 feet of éhe unit; it
is scarce;to absent in the basal 30 feet. The plagiOCIase/
‘sagidine‘rati; averages about 0.5 and shows littie yariation
.vertically within the‘uni£ except near the base, where pla—.
" gioclase and sanidine occur in nearly equal proportions.
Sanidine, plagioclase, and mafic minerals are all nearly
constant above the basal 30 feet.

The tuff of Goat Spring displays no obvious vériatiéns

typical of zoned ash-flow cooling units described in the



Table I. Modes in wvolume percent from the tuff of Goat Spring |

Sample Total Phenocryst Proportions
Nunber pheno~ - Sani- Plagio~- Quartz  Bilotite
‘ crysts © dine clase . and - Total
opagues points
counted

Top of unit
1 M—-24-37 46,1 22.5- 7.3 14.4 . 1.9 1389
2 M 24~36 46.6 21.2° 10.0 S 13.6 1.8 1384
3 M—24~34 50.9 22.9 1.1 15.6 1.3 1323
4 M-24-33 49.9 24.2 -] 15.0 1.6 1277
5 M=-24-31 ' 49.0 24,5 "1l2.8 8.9 2.8 1389
6 M-24-30 49.8 28.2 10.7 6.1 4.8 1334
7 M-24-29 43.3 23.4 7.8 9.8 2.3 1318
8 M-24-28 48.7 - 24.8 12.5 7.8 3.6 1339
9 M-24-27 - 47.9 o 27.1 11.9 3.8 5.1 1441
10 M-24-26 55.7 27.2 17.6 5.6 5.3 1303
11 M~24-25 59.1 27.4 15.9 10.9 4.9 1385
12 M-24-24 55.3 29.2 13.7 7.3 5.1 1389
13 M-24~23 49.6 28.4 10.4 6.1 4.7 1292
14 M-24-~22 49,0 26.8 13.0 4.8 4.4 1318
15 M~24-21 . 47.1 : 23.6 13.9 3.8 5.8 1320
16 M~-24~20 ) 36.7 20.4 10.0 0.6 5.7 1444
17  M=~24-19 40.3 15.0 19.5 0.4 5.4 1378
18. M=-24-18 28.4 14,1 10.2 0.9 3.2 1205

Base of unit
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Measured section of the tuff of Goat Spring showing
mineralogical variations. Dashed line near the base
indicates the upper l1imit of quartzwpoor latitic ash flows,
(modal data are in volume percent, taken from Table I).
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1iteraturé'tRatté and Steven, 1964; smith and Bailey, 1966;
Lipman and others, 1966; Giles, 1967). In a typical zoned
sheet total crystals, plagioc;ase, and mafic minerals all
increase uwpward in the section. The youngest ash-flow tuffs
usually’contain more éalcic plagioclase and less quartz.
The plagioclase does become slightly mo#e anorthitic upwarxd
in the tuff of éoat Spring but other systematic variations
appear to be absent. Some of the larger and more consist-
ent breaks in the érofiles of Figure 7 may represent slight
differences in modal composition between individual ash
flows {Ratté and Steven, 1967, p. 30-33). The most notice-
able break is the abrupt change in modal composition neax
the base of the section. This change may represent a tran-
sitional zone between two different types of ash flows:
(1) quartz-poor latitic ash flows at the base, possibly de-
rived from the same madgma chamber as the crystal-rich ash
" flows in the upper Spears Formation, and (2} quartz~rich
rhyolitic to quar;z latitic ash flows from another magma.
In Figure 8 the modal daté have been plotted on a
sanidine-plagioclase~quartz diagram which shows that the
samples vary from latite to quartz laéite to rhyolite in
minefalogical cémppsition with a marked linear distribu-
tion parallel to the rhyolite-quartz latite boundary. In

general, the samples plot progressively closer to the
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TUFF OF GOAT SPRING
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Figure 8. Modal data for the tuff of Goat Spring plotied on a
R thres component diagram (diagram modified from
Bateman and others, 1963, p. 13).
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guartz corner of the diagram as the samples approach
the top of the section. This trend suggests that the
magma was undergoing differentiation along a crystal-
" lization path which formed more quartz but essentially
a constant pfoyoftion of feldspars with time. Another
explanation for the trend is thét the magma became
increasingly contaminated with quartz as the eruptions
proceeded. The anomalously lardge quartz crystals may
actually be xenocrysts accidentally inéorporated
during erupfion of the tuffs. However,-the large
volume of quartz redquired and its systematiq increase
argﬁe agains£ this origin.

In adaitién to the changes in primary mineralogy
there are some éubtle changes in the texture and al- .
teration within the tuff of Goat Spring. Blotite is
more oxidized toward the top of the cooling unit where
deuteric alteration was localized by the upward escape
of volatiles during welding. Sanidine is more altered
and secondary minerals more abundant in the less dense-
ly welded zones, which were more porous and underwent
more intense vapor-phase crystallization. Although
resorption ocgﬁrs_in all parts of the cooling unit, it
is best developed in the upper, less densely welded

part.
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Tuff of Bear Springs. The tuff of Bear S8Springs is

the informal name proposed for the sequen.e of ash flows,
_lava flows, and volcaniclastic sedimentary rocks in the

uppei part of the Helis Mesa Formation. In this repoxrt,
it has been subdivided into two mappable units separated

by a cooling break and interbedded andesite flows.

Liower Cooling Unit

The lower tuff of Bear Springs is a multiple-flow,
compound cooling unit of welded rhyolitic ashmfloﬁ tuffs
" which outcrop over an area of about five square miles in
the thesis area. The base of the unit is exposed along
an approximate noxrth-south line extenéing from the noxrth
end of the Lia Jencia monzonite stock to the east side of
Bear Peak. To tﬂ;‘south, it includes Loughlin and Kosch-
mann's Banded Rhyolite and to the north it correlates
with Tonking's middle 65 feet of the Heils Mesa.

The lower tuff.of Bear Springs includes several ash
flows, and varies considerably in its outcrop character-
istics. Occasionally it forms rounded hills with a seriés
of alternating ledges and slopes but it typically outcrops
as weathered, platy slabs which form the dip slopes of
h@gback ridges.

In hand specimen, the color of the groundmass varies
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with the deéree of welding from Llight gray to pinkish-
gray oxr reddish~brown. Weathered surfaces are usually
stained buff to reddish-brown. The ash flows are fine
grained and contain only 10 to 15 percent phénocrysts
of sanidine, cﬁppery biotite, and smoky quartz. The
sanidine is euvhedral and varies from clear, with a silky-
white chafoyancy, to pink and chalky where altered.
Samples from the upper part are characterized by as much
as 25 pef&ent gray silicified pumice which shows varying
degrees of compaction. Two types of lithic fragments
are common; one consists of dark brown, aphaﬁitic ande~
site and the other is g'?orphyritic bilotite~bearing
rhyolite.” f |

Petrographically, the ash flows are very similar
and consist of broken, partly resorbed phenocrysts of
sanidine, quartz, biotite, and plagioclase in an
aphanitic, partly devitrified groundmass. The welded
poxrtions have a éutaxitic structure defined by compressed
and distorted glass shards and pumice. The grdundmass
is partly devitrified to fine~é;ained (C.Ol mm to 0.1 mm)
cristobalite and feldspar sometimes iﬁ spherulites or
axiolites.‘ In fhg less welded and less altered sémples

the groundmass consists of brown, cuspate and Y-shaped

glass shaxds separated by extremely fine dust. Magnetite
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grains are finely dispersed thréughout the groundmass
in most sawmples.

Sanidine is the only major constituent and varies
from six to eleven pexcent by volume. It occﬁrs as
unusually well—formed partially resorbed gfains from
0.2 to 2.0 mm in length. Carlsbad twins and strained,
broken crystals with undulatory extinction are common.
The sanidine shows varying degrees of unmixing to per-
thite which is often intergrown wifh clear sanidine ip
irregular patches controlled by the ‘sanidine cleavages.
The original sanidine éppears to have suffered an un-—
usual degree of perthitic exsolution during dueteric
alteration of éhe cooling ash flows; the pexthitic-
grains were counted as sanidine in the modes.

Qﬁartz is a minor constituent, and occurs as small,
éghéaral to subhedral, resorbed grains usually less than
1.0 mm in diameter. Occasignal shreds of biotite,
p;rtialiy replaced by hematite and other iron oxides,
make up the remainder of the phenocrysts. Usually, only
a few small plagioclase gfains can be found in a thin
section.

A stratiéraphic thickness of 507 feet was measured

approximately one mile southeast of Bear Springs (7. 1 8.,

R. 4 W., Sec., 22), Figure 9 is a diagrammatic column



Table II. Modes in volume percent from the lower tuff of Bear Springs

Sample - Total : Phenocryst Proporitions
Nunrbexr pheno- Sani- Plagio~ Quartz Mafics Pumice Total
crysts dine clase © ©  and points
' opaques counted
Top of unit -
I M-24-69 2.4. 2.0 0.0 0.1 0.3 11.4 1793
2 M~-24-68% 1.9 1.1 0.1 0.3 0.4 14.0 1792
3 M-24-66 3.6 - 2.3 Vo 0.1 0.2 1.0 8.6 1990
4  M-24-65 3.8 3.2 © 0.1 0.2 0.3 7.1 2027
5 M~24-63 3.6 3.0 0.0, 0.2 0.4 27.1 1917
& M-24-62 4.0 3.1 0.0. 0.1 0.8 17.8 2076
7 M~24-61 5.3 4.5 0.0 0.1 0.7 8.8 2123
8 M-24-60 3.3 | 2.7. 0.0 0.1 0.5 16.0 1796
9  M-24-59 7.0 ‘ 6.2 tr. 0.4 0.4 13.3 2395
10 M-24-58 5.2 4.8 0.0 0.1 0.3 15.5 2151
11 M~-24-57 4.4 4.0 0.0 0.2 0.2 6.4 1783
12 M~-24-56 7.1 6.1 0.0 0.6 0.4 1.2 1923
13 M~24-55 6.6 6.3 0.0 0.1 0.2 5.8 2120
14 M~24-54 5.0 4.5 0.0 0.3 0.2 0.2 2139
15 M-24-53 6.3 5.9 0.0 0.3 0.1 0.0 1751
16 M=-24--52 6.5 5.8 tr. 0.6 0.1 2.1 2097
17 M-24-51 6.1 5.0 0.0 1.0 0.1 0.0 2400
18 M-24-50 7.0 5.9 0.1 0.7 0.3 0.1 1958
12 M~-24-48 5.8 5.0 0.3 0.1 0.4 0.2 2131
20 M-24-47 5.6 4.5 0.0 0.5 0.6 2.4 2038
21 M-24-46 6.8 5.3 0.3 0.8 0.4 0.0 2223
22 M-24-45 7.8 6.8 0.0 0.6 0.4 0.0 1436
23 M-24-43 5.0 4.3 tr. 0.5 0.2 0.5 2329

Base of unit * Badly altered, with numerous phenocryst holes
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Figure 9, Measwred section of the lower cooling unit-in the tuff
of Bear Springs showing mineralogical variations. Shading

-

indicates degree of welding: dark gray-densely welded;

light

gray-moderately velded; white-poorly welded.

(modal data are in volume percent, taken from Table IT)
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TUFF OF BiAR SPRINGS
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- Figure 10, Modal data for the tuff of Bear Springs plotted on a
three component disgram (diagram modified from
Bateman and others, 1963,p.13).
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shoﬁing tﬁe iﬁdividual subunits within the ;ectiqn, each
one labelled accord;ng to its color or characteristic lithol-
ogy. The presence of a thick densely welded zone in the upper
part indicates that the section is a compournd cooling unit.
Moéal data and{saﬁpie locations are shown to the side. A
distinct breék in the modal prcofiles is evident near the
middle of‘thé cooling unit; this break corresponds to‘the
contact between méssive, featﬁreless tuffs in the lower half
and pumiceoﬁs tuffs withuwell-developed compaction textures
in thé upper half. The pﬁmiceous tuffs contain slightly
fewer totél cfystals, donside?gbly moré pumice, and slight-
ly less quartz'relatiﬁe to sanidine than thelr more massive
'counrgrparts in the. lower half.

The gray massive unit (G) is approximately 300 feet thick.
The basaltﬁnwelded zone ié pink in color and contains numer-
ous brown andesite lithiés and ?eilowishmwhite pumice lentils,
The interior of the ash flow is light purplish-gray, moder-
ately to poorly weided, andﬁvery fine-grained. Pumice is
generally aﬁsent‘except in the upper an@ lower %ew feet. The
white,'poorlymweldéd tob of the ugit becomes increasingly
reddened and wéléed upward throuéh‘the contact with the over-
ﬁlyiné pumiceous unit.

The pumiceous ash‘flow§ {P) are about forty feet thick

and are welded to the gréy massive unit, with a g:adational
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contact over a vertiéél thickness of abouﬁ ten feet. Its
color varies from-purplish~gray to pinkishwgray.. The name
is derived from a striking eutaxitic structure defined by
numefous flattened, elongated pumice, xotated lithiclfrag~
.ments, and subparallel imbricated sanidine phenocrysts..
Petrographically, the groundmass is densely welded and the
minerglégy ig almost identical with the ﬁnderlying massive
ash flow. -Pumice ranges in.size from small, almost indis-
tinguishable "ghosts" in the groundmass to large ellipsoidal
fragmenfs 3 ém in length. The pumice rims have been devit-~
rified to‘quartz and ﬁinefgrained spherulitic aggregates and
the centers often contaiﬁ coxsconmb aggregates of inward-—
pointing euhedral aikali feldspar crystals surrounded by
largex énhedral qﬁértz‘grains. The pumice chmonly has
frayed énas'and contains phenocrysts of guartz and saﬁidine.
.Thé contorted unit (C) contains a streaky éompaction
_and/br laminar fléw structure which resembles Fflow banding;
this led Laughlin and‘Koschmann to.givg the name "Banded
Rhyolite" fo the eqﬁivalent of this unit in the Kelly mining
district. The unit is about 120 feet thick and has aAsharp
but gradational,conﬁact with ﬁhe pumiceous ash flow. It has
a'dafk reddish-brown color on fresh surfaces and is character-

ized by gray, highly compressed pumice which averages only

L eI
.



Figure 11.

Contorted unit, lower tuff of Bear
Springs, showing laminar-viscous flow textures

and crystal-poor character. White bands and

streaks are highly compressed pumice. Note large
imbricated pumice in lower center. (12X)
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2 ﬁm. thick and raﬁgeé up to several inches long. The most
highly compressed bands have a maximum length-~to-thickness
ratio of 300:1 which indicates that the pumice was radially
stretched. Some of the 1arger streaks may represent the
accuﬁulation of volatiles along shear planes during laminax
flowage'and welding of the ash flows. Outcrops of-thel
contorted ash fl&ws usuglly have a platy fracture parallel
to the foliation, and the banding is often contorted into
tight asymmetxic folds.

Microscopically, the ash flows are densely welded and
composed mainly of highiy flattened pumice in a glassy,
partly devitrified groundmass. Pumice is often molded
around the broken and rotated crystal fragments.

Abhove the contorted unit is an inconspicuous pooxrly- '
welded ash flow (PW) about 35 feet thick. It is soft,pinkish-
gréy, and contains abundant partially collapsed cellular |
pumice stained greenish-black by a manganese~bearing minerxal.
.This tuff, which has only about two percent crystals, may
regresent the 1ast_Weak pulse of ash to be erupted.
| Just south of La Jencia Creek the lower Euff of Bear
" Springs contains a thin crystal-rich tuff which is not
present ;n the vicinity of the measured section. This unit
has been informali? designated the tuff of ILa Jengia Creek

(Chapin, oral communication, 1971): it is very similar to the

e,
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tuff of Goat Spring bﬁt it is welded within the gray massiﬁe
unit. Typical specimens are densely welded and slightly
pumiceous with a light lavender-gray color, Phenocrysts of
smoky quartz, euhedral sanidine, élagioclase, and coppeiy
biotite make up 30.to 45 percent of the rock by volumg. The
tuff Qf Goat Spring contains 10 to 20 percent‘more crystalé
and its matrix is c;oﬁded Qith small crystal fragments.
Judging from their low con%ent of phenocrysts and highly
glassy matrix, the ash flows ln the tuff of Bear Springs were
probably quenched from a very hot eruptlon which was near the
ligquidus temperatu;e of the original melt, perhaps as much as
900°to 950°C. based on the calculations of Boyd (1961, p. 414) .
This high temperature, together with their high volatile
content, made the ﬁpper pﬁmiceous ash flows particularly
fluidal. As the ash Flows began.to lose momentum; exsolvgd
gases may have acted as fluidizing agents causiﬁg them to
_develop lLaminar flow stﬁuctures during the final stage.of
their emplacement {(Mcoble, 1968). Punmice became highly
stretched in the direction of flowage and wave~like flow
folds and some ramp thrusts developed al right angles to the
punice lineation. In the Bear Mountamns, the pumice 11nea—
tion trends aboﬁt|s 10° W and the axidl planes of flow folds
and the ramp thrusts dip to the.south. These data indicate

a northward transport direction for the ash flows, which is



consistent with the récent discovery by Deal and Rhodes
{197i, oral communication) of a major cauldﬁon in the Mount
Withington area. A great thickness of ash-flow tuffs of
similar stratigraphic position and lithology were deposited

within the cauldron (op. cit.).

Upper Coéling Unit

.The ﬁéper tuff of Bear Springs is a welded rhyolite
ash-flow tuff sequeﬁce which crops out over aboﬁt two équare
.miles‘in the thesis area. Most of the exposures occﬁr north-
waest of Bear Springs and along a ridge extending two miles
south from Bear Springs. The upper and lower .units of the
tuff of Bear Springs éré.separated by five to seventy feet
of andesite flowétw Except"for the preéence of this coolipg
break, it would be difficult to dgstinguish tﬁe two since
they are very similar lithologically.

The‘upper gnit crops ont as cliffs and rounded pinna-—
"cles which weather ﬁo reddiéhwbrown platy surfaces, often
highly,fractured and hackly. The base is characterized by
a zone with egg-shaped séherulites up to several inches long.
Targe slump blocks arelcommon over the underlyiné, relatively
soft andesites. |

Fresh hand éﬁecimens are pinkish-gray and weather gray
to reddishwbrown.- The gropn&mass is aphanitic and has a

T~
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compaction foliation outlined by small, white, compressed
pumice. Pink, silicified and contorted pumice up to 5 cm.
long form up to three percent of some specimens. Phenocrysts
are noticeably less abuﬁdant than in the lower unit and in-
clude white eﬁhedrél sanidiné and occasional smoky quartz.
Small angular lithic fragments comprise less than one per—
cent of most samples and are_siﬁilar to the lithics in the
Jower tuff of‘Bear.Spﬁings.

Micrqscépically, the upper unit contains from O;l to
about 5 percent subhedral, broken sanidine phenocrysts
which range from 0.2 mm. to 1.5 mm. in léngth. Usually, the
sanidine 1s oﬁly inciéiénﬁly altered along cracks and cleav-
ages but some grains are complétely albitized or altered to
clay. &anhedral, broken quartz graiﬁs and opaque biotite

-

pseudomorphs amount to less than one percent of the samples.

Plagi;éiasé:was not found in any of the thin secltions. The
aphanitic groundmass is largely devitriﬁied and consists of

a mixture of glass and small crystallites of quartz and.
alkalli feldspar.. a

| A stratigfaphié thickness of 280 féethwas ﬁeasured for
the upper tuff of Bear Springs approxiﬁately two miles south-

east of Bear Springs (T. 1 S., R. 4 W., Sec. 22 and 27). As

shown diagrammatically in Figure 12, the unit seems to consist



Table III. Modes in volume percent from the upper tuff of Bear Springs

Sample . Total ' Phenocryst Proportions

Nunbex pheno- Sani- Plagio- Quartz  Mafics Pumice Total
' crysts dine clase and o points
: : opagues counted

Top of. unit \

1 M-24-88% 7.0 5.5 ., 0.0 0.6 0.9 12.7 1862
2 M-24-87% 5.1 3.7 0.8 0.6 12.1 2015
3 M-24-86% 5.4 3.7 ‘0.7 1.0 6.6 1718
4 M-24~-84% 4.3 2.9 0.8 0.6 18.3 2452
5  M-24-83% 3.9 3.0 0.6 0.3 11.6 2147
6 M-24-82 3.0 | 2.1 0.6 0.3 16.1 - 2500
7  M-24-8l% 2.6 2.0 0.3 0.3 13.9 1920
8  M-24-80% 2.7 1.8 0.4 0.5 19.0 2480
9  M-24-79% 5.2 4.3 0.6 0.3 4,3 2170
10 M-24-78 0.2 0.1 0.0 0.1 9.0 1806
11 M=24-77 0.8 0.4 0.2 0.2 6.1 2062
12 M-24-76 0.1 0.1 0.0 tr. 13.0 1971
13 M-24-75 0.7 0.3 0.1 0.3 5.9 2225
14 M-24-73 2.4 1.4 0.8 0.2 7.8 2500
15 M-24-72 0.5 0.2 0.2 0.1 7.0 1922

Base of unit

* Excluding crystal-rich clots
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Figure 12, Méasured section of the upper tuff of Bear Springs

showing mineralogical variations (modal data are in
volume percent, taken from Table III).
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of two ash flows welded together. The two ash flows have
subtle differences in outcrop characteristics and in modal
rercentages which are plotted to tﬁe side. The lower tuff
ig more massive and contains fewer crystal fragments than
the upper tuff, whichlis pl;ty and contains distinctly more
pumice (aé much as zolpercent) and more crystals.

. Foxr the ccooling uﬁit as a whole, the total crystal
content increasés_steadily from less than one ferqent at the
base to about seven percent near the top. Tﬁe quartz/feld—
spar ratio incieases_sharply in the basal thirty feet and
then remains nearly coﬁstant to the top. Figure 10 shows:
that the two cooling units in the tuff of Béar Springs are
quite similar petrographically. The gogt noticeable différ—
ence is.a slightl§-higher gua;tz/feldspar ratio for the

upper cooling unit.

Andesites Interbedded in the Hells Mesa. Two distinctly
different types of andesite flows are found interbedded with
the Hells Mesa ash flows: (1) porphyritic "turkey-track"
andesites containing abundant large plagioc;ase phenqcryéts,

.similarAto some of the andesiées in the upper member of the
Spears Forméti@n, and (2) fine-grained, relatively non-

porphyritic andesites lacking plagioclase phenocrysts.
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The first type forms a distinct cooling break between
the tuff of Goat Spring and the tuff of Bear Springs. The
main.outcrops form a narrow band extending from hill *7090",
where its thickness was measured as 20 feet, north to Bear
Peak where it appearsuto pinch out. These andesites have
not been observed in the western half of the area.

Megascopicallf, the andeéite is porphyritic and bluish-—
gray on fresh surfaces with zbundant flow-oriented plagié~
clase-phenocrysts and reddish-brown pyroxene_pseudomorphs.
Locally, it contains numerous amygdules filled with calcite
and cquaxrtz.

Microscopically, the texture is holocrystalline and
porphyritic~ap£anitic. flagioclése phenocrysts make up
about 20 percent of the rock and occur as euhedral laths
averaging 2.0 mm in length. Alteration is restricted to
ﬁihdf cléys and epidote. An average composition of four
plagioclase phenocrysts de@grmined by the Fouque method is
Ang. Three grains eﬁhibiting normal zoning were also
measured by the Fouéué method; on the average, they range

from.An53 at the center to An at the rim., About ten

49
percent re&diéhmbrown pyroxene pseudomorphs occur as sub-
‘hedral grains up to 1.5 mm in diameter. The pyroxéne has _'

been replaced by a fine-grained aggregate of calcite,

epidote, and silica in the center and by hematite around

e
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the edges of the grains. The groundmass is made of felty
plagioclase microlites about 0.2 mm long and small magnetite
grains which may represent altered pyroxene. The approximate
composition of groundmass plagioclase, determined from fif-
,teen grains by the Michel-Levy method, is Ang. .
The second variety of.andesite océupies a cooling break
between the upper and lower cooling units of the tuff of
Bear Springs; they are present at this stratigraphic position
on Hells Mesa but are not shown on Tbnking's measured sec-
tion. Andesite flows also occur between the tuff of Bear
Springs and the tuff of Allen Well. Outcrops usually
weather aé dark talus-covered slopes or swales between hog-
backs of weldeé tuff. Lineated amyédules filled with quarta,
chalcedony, and calcilte are common and are sometimes stained
by greénishmblue.celadonite. Thin volcaniclastic sandstone
iéyérs afe locally intercalated with the flows. The fresh
'célor of hand specimens varies from gray to reddish-brown
Wﬁile weathered sﬁrfaces are usually greenish-brown.
Usually, the flows are dense and aphanitic with only a few
phenocrysés of oxidized pyroxene but some flows-are vesic—
ular or autcbrecciated. The thicknegs is quité variable,
‘poséibly becauée of some minor eroslonal topography developed
in the underlying ash flows. Total thickness varies from

less than ten feet to more than seventy feet.

N
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Microscopically, these andesites contain about ten
pexrcent réddishfbrown opague phenocfysts whiéh ap?ear to
be hematized pyroxene. The groundmass contains altered,
trachytic plagloclase microlites and interstitial opaque
grains of iron oxides and hematized pyroxene; The plagio-
clase is commonly argillized and the gréundméss is oftgg

replaced by aggregates of calcite and quartz.

Tuff of Allen Well. The youngestash flow present in

tﬁe study area is a gquartz latitic crystalfrich tuff which
was observed in tbree small.outcréps along Dxy Lak¢ Canyon
in tﬁe southweslt corner of the study'area. The outcrops are
located in section 36; f:ﬁl s., R. 5 W., downstreém Ffrom the'
‘Allen Well. The tuff of ﬁllen Well is separated from the
upper cooling unit of the tuff of Béar'Springé'by a series
of andésite flows and‘thin sapdstones.,

‘iﬂ'hégd specimen the tuff of Allen Well isAbinkish~;
gray and contains as mpch‘as 30 percent-phenqcrysts of
sanidine, plagioclase, coppery biotite, and quartz in a
vitroclastic maé;iﬁ. - It strongly resembles the tuff of
Goat-Spring, but.upon.close inspection can be distinguished
by the more abundant natrix, which is ﬁqt crowded with small
crysfal-fragments as in the tuff of Goat Spring; The tuff

of Allen Well is also similar to the taff of Lia Jencia
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Creck but the former contains fewer total crfstals and
proportionately less sanidine.

Petrographicaily, the tuff Qf Allen Well consists of
. phenocrysts of sanidiné, plaéioclase, quartz, and biotite
conbined with f£lattened pumice and a few lithics in a
reddish-brown devitriﬁied groundmass. A modal count on
one thin section yielded 14 peicent sanidine, 7 percent
plagioclasé, 4 percent quartz, 4 percent biotite, 13 per-—
cent pumice, and-58 percent groundmass. Trace amounts of
apatite %nd pyroxené are also present. The crystals range
in size froﬁ O.l‘mmxto 3.0 mm, with an average size of

0.5 mm.

Ia Jara Peak Formation

The La Jara Peak IFormation forms the higher elevations
in the Bear Mountains‘aﬁd crobs oﬁt over about six square
miles in the norﬁhﬁeét part of the study area. The unit
©was described in detaii by Tonking (1957, p. 44-46; p. 57)
: whé named it after La Jarad Peak, a prominent volcanic neck
in the Puerteciﬁo Quadrangle, and designated it as the
upper member of the Datil Formation. |

The lower~part of the La Jara Peak Formation is a
series of relatively'soft autobrecciated flows and thin
volcaniclnstic sandstones and conglomerates which form the

low hummocky topography between Bear Springs and the eastern
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egcarpnent of the Bear Mountains. The upper part is a
well-stratified, resistant sequence of thin basaltic—
andesite flows which form t@e main escarpment of the
Bear Mountainé. The complete thickness of the La Jara
Peak.cén only be approximated because of a major fault
which has dropped the Beax Mountains ove£ 1000 feet and
has placed La Jara Peak andesites in juxtaposition across
the fanlt. A minimum thickness of about 1600 feet has
been estimated from structure cross-section A - A
(Plate I}, but the méximum thickness may be as much as
2900 feet. In the Puertecito Quadrangle, Tonking (1957,
P Sl) estimated the maximum thickness as 2500 feet and
méasured 1205 feet at thé type section.

Dips west ofuthe Hells Mesa Fault range from seven
to fiftéeﬁ degrees to the west. The basal part, exposed
on “the upthrown east side of the fault, is relatively
flat~lying and rests_unconformabiy on the tuff of Bear
Springs. The area west and southwest of Bear Springs
appears to be‘pérf of an old erosional surface on the
Hells Mesa ésh fFlows Which was later flooded by La Jara
_Peak andesites. In the vicinity of Deer Spring and Bear
Springs, the contact between the andesites and the welded

tuffs is partly depositional and partly a fault contact.



Figure 13. Typical outcrop of
The massive core of a basaltic
of the picture grades abruptly
brecciated base. A thin ledge
‘is sandwiched between the base

L.a Jara Peak Andesite.
andesite flow at the top
downward into an auto-
of fine-grained sandstone
of this flow unit and the

upper rubble zone of another flow unit.
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Talus, soil, and slump blocks partially obscure the ?
lower outcrops and individual flow units cannot be traced
for any appreéiable distance. The flows are medium-gray. |
aphanitic, and sometimes scoriaceous. The lower part has {
a disfinctive speckled appearance from the presence of
small hematized pyroxene grains and contains almond-~shaped
aﬁygdules filled with calcité and ¢uartz. The lower flows
héve autobrecciateé tops and bottoms which are often
oxidized to a reddish-brown color. Sheeting parallel to
the foliation is common in the vesicular flows. Inter-
calated with the flows are reddish-brown sandstones and
conglomerateé which contain reworked fragments of the
underlying andésite.

The flows in the uppér part are more massive and
often contéih fresh pvroxene along with the hematite-
pseudomorphs. Red dlassy flows and bombs are present
near the top of £he formation. One feature characteristic
bf the entive La Jara Peak Formation is the absence of any
plagioclase phendcrysts. :

ﬁany of the massive flows have elongated, lineated
vesicles which have been plotted on the map as iﬁdicators
of‘flow direction. The lineations trend an average of
N 50°E in the western and northern parts of the outcrop '

area and about 8 50°E to the south and east.

.

——



In the lower part of the formation there are a
number of north-northeast-—trending dikes vhich are iden-
tical to the La Jara Peak flows. These dikes could
occupy local feedex vents Ffor the flows. The basaltic-
andesite flows may have been formed in coalescing erup—
tions from widely scattered fissures which lay partly
within the étudy area, but largely to the west and south-
west. |

" In thin section, the andesités have an aphaﬂitic
groundmass composed of trachytic to felty plagioclase
microlites with an average length of less than 0.05 mm.
in a few samples the plagiloclase laths range up to 0.5 mm
long and displgy carlsbad, albite, and carlsbad-albite
twinning; the range in composition of these grains was

neasured as Angg to Angg with an average composition of

Anéé'(avéiage of fifteen determinations by the Michel-
Lévy method). The groundméss alsoc contains microlites of
pyroxene, magneti%e, and hematite.

Phenocxﬁsﬁs include 10 to 20 percent clinopyroxene
and occasional xenocrysts of plagioclase and quartsz.
Clinopyroxene occurs as colorless to pale green, anhedral
to euhedral grgins from 0.2 to 1.5 mm in length. Basal

sections often display polysynthetic twinning and a few

grains are zoned. As much as half of the pyroxene is

- * e
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. altered to hématite. Tonking (1957, p. 46) meaéured the
refractive-iﬁdices of the pyroxene and identified it as
intermediate between diopsidg and hedenbergite.

Chemical analyses by Tonking (1957, p. 50) and Chapin
(1951—a, p. 44) indicate that the La Jara Peak flows are
‘quite rich in potassium which suggests that they may be
alkalic in composition. Experimental studies by Green
and Ringwood (1967, p. 142-148) on the fractional crystal-
1iza£ioh of basaltic magmas show that at a depth of 15 to
35 km, the 1iquidus phase of an alkali basalt magma is
clivine in the early stages of fractionation followed
closely by clinopyroxene. Plagioclase appears only at
temperatures véry near the solidus. If the Lé Jara Peak

magma differentiated into basaltic andesite along an

alkali trend, then the absence of plagioclase phenocrysts

ié'éxplained by the late crystallization of plagioclase from

the melt.

Tertiary Intrusive Rocks

Mafic Dikes
A large number of dark, aphanitic mafic dikes are
" found throughout the area.x They are equiﬁalent to the
north-trending lamprophyre dikes in the Kelly district

{Laughlin and Koschmann, 1942, p. 43) and to the basaltic

AN
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dikes found in the Puertecito Quadrangle‘{Tonking, 1957,
p. 32}. Most of thé dikes occupy a major fault zone whidc
trends northward through thg Kelly district and along the
eastern edge of the Bear Mountains, varying f£rom 1.5 to
2 miles in width. Although none have been found to cut
the monzonite stock, thé lower part of the Lia Jara Peak
.Formation is intruded by these mafic dikes in places.
They were probably intruded over a considerable span of
time, since different types are commonly emplaced side by
side into the same fault zone. Most of the dikes were
probably emplaced during the formation of this major fault
zone in the Oligocene. |

Individuél dikeskgeneraily vary.from a few feet to é
thousand feet‘in length and one dike is over a mile long.
They are generally narrow but range from 2 to 50 feet in
width and prdbablf averageAabout 6 feet. Most of the
dikes trend eifther north-south or about N 10°E, but a few
trend almogt east-west. Dips are predominantly eastward
at angles Ffrom 70 degrees to vertical. In oittcrop the
dikes weather to shallow depressions deficient in vegeta-—
tion and thus, tend to form visible lineaments on aerial
pho?ographs.

In hand specimen, a number of differgnt varieties

can be distinguished, but most are very aphanitiec, black

N
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to greenish—gray on fresh surfaces, and stained rusty
brown by limonite on weathered faces. Phenocxysts of
pyroxene, hornblende, biotité, and plagioclase are present
in some varieties and xenocrysts of gquartz and plagicclase
are common. A porphyritic variety contains plagioclase
phenocrysts up to 5 mm long. -Most of the variéties are
too fine-grained and altered to be identified petrographi-
cally and tﬁey are best described as lamprophyres in the
sense that they are dark, fine-grained rocks in which only
- ferromagnesian minerals usualiy occur as phenocrysts. The
lamprophyres have an aphanitic groundmass composed of
felty plagioclase microlites, pyroxene, iron oxides,. and
accessory amoﬁgts of ﬁiotite_and sleﬁder apatite prisms.
Plagioclase, which forms approximately 70 percent of the
grounamass, occurs as subhedral laths from 0.05 to 0.2 mm
-iﬁﬁé. The composition of the groundmass plagioclase in
one unusually fresh sample'was measured as Auge (%verage
of 15 determinations by the Michel-Levy method}. In most'
samples the §¥oundmass is highly altered with the plagio-
clase altering to clays and the pyroxenes to chlorite and
calcite{ Pale green augite is the most common mineral and
éccqrs both as groundmass microlites and as subhedral té
euhedral phenocrysts from 0.1 to 2.0 mm long. The maximum

extinction angle (Z2'A c¢) in the phenocrysts is about 457

-
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Most grains show slight alteration to calcite, chlorite,
and-epidofe along cracks and cleavages. Some augite is
intergrown with plagioclase as glomeroporphyritic aggre—
gates. The boundar;es between the plagioclase and pyroxene
grains are often resofbgé and the plagioclase is someﬁimes i
penetrateq by the pyroxene; however, some plagioclase
contains poikilitic inclusions of pyroxene. Thus, the

two minerals probably crystalli;ed concurrently, at least
in part.

There seem to be two varieties of plagioclase phenoc-
crysts: (1) fresh, euhedral laths with sharp albite
twinning, and (2) composite, often zoned crvstals with
i?regular, partially resorbed boundaries. The zoned grains
may be xenocrysts which ¢rystallized at great depth since
xthey,;re usually broken and have an unduiatory extinction.
é£e“éﬁérage composition of the zoned plagioclase is Angg
with slightly more calcic cores. The composition of the
_ uncorroded plagioclase averages An42.
Tonking reported the presence of hormblende in some
. of the dikes of the Puer£ecito Quadrangle bhut none has been
found in this area. A few dikes contain up to ten percent
biotite as subhedral pﬁenocfysts partly replaced by magnetite

and chlorite. Xenocrysts of gquartz cccur as rounded and

resorbed grains surrounded by reaction rims.

\"-.
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The nearly;uéiquitous alteration of the dikes, to-
gether with the presence of alteration zones in the ad-
jécent wall rocks, suggests that the dikes were either
quite wet and reactive during emplacement or that the
fractures occupied by the dikes were utilized by later
hydrothexmal soluﬁions. The composition of the dikes
argues against the first possibility; the intrusion of
monzonite stocks following dike emplacement and the
precence of mineralizatioﬁ along the edges and within
some of the dikes supports a hydrothermal origin of the
alteration. Immedia%ely adjacent to the dikes the wall
rocks are baked and silicified but the wall rocks are often
bleached as mu;h as fifty feet from the dikes. Sanidine
phenocrysts in fhe ash flows are commonly replaced by

limonite and epidote.

Larger Mafic Intrusives
Two elongate andeéitid sfocks occur in the south-
eastern partlof the area along the margins aﬁd to the north
of the monzonite stock. These intrusives represent the
noxrthern end of a line of augite andesite plugs and stocks
which continues southward.along the crest and weast side of
Graﬁite Mountain. The stocks are 300 to 1200 feet wide

and one to two miles long and were intruded into the majorxr

TR,
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north-south fault zone (page 56) prior to emplacement of
the monzonite stock and white rhyolite dikes.

The andesite which forms the stocks is very similar
to the dark mafic dikes in the area and the stocks appear
to be approximately contemporaneous with most of the dikes.
Near Goat Spring the margins are autobrecciated and in-
truded by mafic dikes. Fresh hand specimens ére purplish-
gray and very fine-dgrained with abundant small plagioclase
phenocrysts and about 10 percent greeﬁish—black pyroxeneX
phenocrysts.

In thin section, the texture varies from porphyritic~.
aphanitic to seriate. APhenocrysts include 5 %o 10 pexcent
subhedral plagioclase and 10 to 15 pércent subhedral’to
anhedral clinopyroxene set in an aphanitic groundmass of'
trachytic plagioclase microlites and magnetite grains. The
plagioclase phenocrysts average only 0.5 mm long and are
partly altered to clays and epidote. The clinopyroxene hés
a maximum extinction angle of about 48° and may be an augite.
The pyroxene grains are tyéically anhedral, average about
0.3 mm in size, and are completely replaced by calcite in

the more altered samples.
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Monzonite

In the southeastern part of the area, a monzoﬁite
intrusive crops out in sections 34 and 35, T. 1 8., R.
4 W. and sections 2 and 3, 7. 2 8., R. 4 W. Because of
its proximity to La Jencia Creek, it is herein referred
to as the La Jencia stock. The stock includes é few dikes
and apophyses with a total outcrop area of approximately
Y-square mile. Much of the monzonite has been buried by
windblown sand and its total areal extent north of La
‘Jenc;a Creek is probably more than one sqﬁaré mile. The
Lia Jencia stock is roudghly oval~shaped and is actually
the northernmosf end of an elongate monzonite body in-
" truded into a %ajqr zone of weakness along the west side
of Granite Mountain. The mdnzonité intrudes the tuff of
Goat Spring and the lower tuff of Bear Springs; the latter
has been sgilicified and Qarped up into a promiﬁent ridge
along the western m@rgin‘of the stock. Small, isolated
aéhwflow outcropsmwhidh occur near the margins of the
stock appear to be remnants of fault blocks formed by
intrusion of the monzonite.

. The monzonite is the youngest intrusive in the area
" with the éxception of the white rhyolite dikes, a few
latiﬁe dikes, an@ some of the youngest mafic dikes. Sim-

ilar wonzonite bodies in the Kelly district, the Nitt and

.
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Anchor Canyon stocks, have been dated by the K-Ar method
as 28.0 ¥ 1.4 m. y. and 28.3 £ 1.4 m. y., respectively
{Weber and Bassett, 1963, p. 220). Monzonite dikes re-
lated to the La Jencia stock cut the surfounéing andesite
intrusives and since the monzonite is not cut by mafic
dikes in the gtudy area,‘most of the andesitié and lam—A
prophyric in#rusives are probably older than 28 m. y.
Those mafic dikes which cut the La Jara Peak Andesite are,
of course, younger.

The stock outcrops as angular, jointed cliffs or
spheroidél'boulders_wiéh a fine to medium-grained tex-
ture, whereas the monzonite dikes are generally fine
grained. Hand specimens are light olive gray on fresh
. surfaces and weather to a yellowish-brown while more
mafic varieties are finer grained and.darker green. The
texture varies from equigrangular to porphyritiCuphaneritic.
Grain size varies(from 1 to 4 mm and the porphyritic
varieties have Chalky;white plagioclase phenocrysts up to
5 mm 1ong.. Phenocrysts visible in hand specimen include
large plagioclase grains, smaller pink.orthoclase, olive
green pyroxene, biotite, and a few rounded quartz_grains;

The monzonite is cut by a few small pink aplite dikes

" and near the west side of the stock the monzonite has in-

corporated some blocks of a dark siliceous rock, which may

.
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be.xenoliths of Precambrian felsite (Loughlin and Koschmann,
1942, p. 9). -Along‘the western margin of the stock, the
typical monzonite grades over é distance of several feet
into a dark greéniéh-black border facles which is morxe
dioritic in mineralggical composition. . The‘diorite contains
mofe p&roxene and biotite than feldspars gnd.has about twice
as much plagioclase as orthoclasé. ‘Small steeply-dipping
xeﬁoliths of a dark mafic rock similar to the border facies
are found in the interibr of #he stock, which indicates
£hat the é;orité_may be an earlier_inﬁruéive that was later
displaced and ass;milatéd by the monzpnité.

. In thin section the monzonitg has a hypautomorphicf
graﬁular texture of”intérlogking sub@gdral minerals with
.an.aVerageAgrain size of about 6.75 mm. The component
minerals are about 80 percent feldsparé with plagioclase"
iﬁ éﬁcéés of oxthoclase and agcompan;ed by 10 to 15 per-
cent biotite, from 0 to 5 percent augife, about 2 percent
quaftz,'about 3 percent magnetite, and minor amounts of
apatite and zircon; Plagioclase occurs as subhedral g;ains
as much as 5 mm. in 1éngth with a compositioﬁal range from
Anzi.té Angg. Most grains sﬁow argillic alteration. Oxrtho-~
clase occurs with quartz as irregular grains interstitial
to the plagioélasg and pyroxene; some orthoclase is graph-

ically intergrown with quartz. The augite is pale green,
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anhedral to subhedral ip shape, and is sometimes micro-
graphically intergrown with magnetite.

' The‘monzonite intfudes rocks of very similar chemical
composition, thus contact effects are minimal.. Near the
margins of the stock, the lower tuff of Bear Springs is
baked to a dark greenish-~gray horxnfels. The dark col&r
is caused by the presence of fine-~grained epidote replacing
part of the groundmasé. The wall rockslare silicified as
much as severai hundred feet from the contact and are cut
by numerous small quartz veinlets; a number of quartz—
carbonate veins are present near the contacts. In addition
to sil;ciﬁication, other alteration effects include bleachf
ing, argillization of feldspars in the tuffsg, and hematite

staining adjacent to fractures.

P&rphyritic Latite Dikes

A few small latite dikes are present in the southeastern
corner of the aréa; All'of‘the dikes occur within aktwo—
mile radius of‘the La Jencia stock which some of them
_intrude; fhe latite is very similar to the monzonite except
for graiﬁ gize. The dikes are similar to %he three small
latite dikes mapped by Laughlin and Koschmann (1942, p. 33).

The longest dike crops out in an en echeion pattern |

for about 0.6 mile on the west slope of Nipple Mountain,

~
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The dike trends approximately N 20 E and dips from 60 to
70 éegrees eést. The other latite dikes intrude the
monzonite stock and the tuff of Géat Spring in Goat Spring
draw and along L.a Jencia Creek. The latite is grayish
green on fresh surfaces and is usuglly highly altered and
_ disintegrated. Hand specimens are fine-grained and por-
_phyritic with scattered, c¢halky plagioclase phenocrysts.

' Microscopically, the latite contains 10 to 20 percent
plaqioclasé phenocrysts which average about 3 mm in length
and are largely replaced by aggregates of clays, calcite,
and epidotg. Aboult 10 percent clinopyroxene phenocrysté
occur as anhedral grains almost entirely replaced by epi-
-QOte, chloxrite, and'ﬁégnetite. The groundmass is a fine-
grained intergrowth of about 80 percent argillized plagio-
clase microlites and about 15 percent orthoclase which is
clearly interstitial to the plagioclase. The remainder of

the groundmass is epidotized pyroxene grains.

White Rhyolite Dikes
The yéungest intrusive rocks in the study area are
white rhyolite dikes. Outcrops ére restricted to the south-
eésﬁern part of the area Wherg dikes and small plugs have
beeﬁ intruded along the eastern half of the major noxrth-

trending fault zone. Individual dikes vary from 10 to 200 °
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feet in width and‘from several hundred feet to over a thou-
sand feet in length.

Multiple dikes are common within which the white rhfo—
lite occurs adjacent to an older mafic dike. Outcrops are
often flow-banded and many contain up to 10 percent limo-
nite pseudomoxrphs after pyrite. The rhyolite is light
pinkish—gray on fresh surfaces and weathers yellowish-gray
to brown. Phenocrysts of qua;tz make up about 10 percent
of the rock and small altered orthoclase crystals are
somgtimes visible.

'In thin section, the rhyolite has a dense, micro-
granular groundmass made of irregular quartz and feldspar
grains largelyffeplaced by séricité. ' Quartz phenocrysts h
vary from 0.5 to 1.0 mm in diameter and occur as.rounded,
rgsorbed grains with reaction rims. Orthoclase phenocrysts
are highly altered to calcite and sericite. Biotite is
rare and occurs as subhedral grains replaced byymuscovite

and limonite.

Postvolcanic Deposgits

— _ Tertiary Deposits

Fanglomerate of Dry Lake Canyvon. A series of soft,

poorly-soxrted volcaniclastic sedimentary rocks occurs inter—

bedded with and overlying the La Jara Peak Formation. These

Sy,
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rocks are extensively expose@ in the southern part of the

Puertecito Quadrangle where Tonking {1957, p. 34) desig-

nated them as the equivalent of eithexr the Santa Fe Group ‘
or the Popotosa Formation. In the Silver Creek area, 15
miles to the east, basaltic andesites interbedded with the
Popotosa Formation ha%e been dated at 15.8 m. y. (Weber,
1971) which is considerably younger than the 23.8 m. y.

age of the La Jara Peak Formation {Chapin, 1971-a). The

Popétcsa Formation (Denny, 1940), a basal unit of the
Santa Fe Group, was deposited in middle Miocene to Plio~
cene time in block-faulted basins along the Rio Grande
rift in central New Mexico. It consists of fanglomerates,
playa dgposits, and interbedded volcanic rocks; the clasts
represent an inverted section of the Datil Group with older
rocks becoming more- abundant upward as erosion cut deeper
into the bordering uplifts. The fanglomerate of Dry Lake
Canyon éontains mostly detritus from the La Jara Peak
Formation but is similar in mode of deposgition and perhaps
age to the Popotosa.

.The formation outcrops along the western margin of
the study area in the vicinity of Dry Lake Canyon and in
the low area west of‘the main Bear Mougtains divide. The

lower part is interbedded with flows in the upper La Jara

) Peak Formation. The formation dips about 6 degrees to the

~
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waest and has been eroded into strike ridges covered with
heterolithic clasts of the underlying volcanic rocks.

The deposits consist of siltstones, sandstones,
conglomerates, and muaflow breccias most likely.deposited
as west&ardmsloping alluvial fans along tﬂe margin of the
Bear Mountains.uplift. Qutcrops range in color f£rom piﬁk
to light brown ané‘are generally poorly: sorted and loosely
cemented by calcite in a silty matrix. The conglomerates
contain subrounded. pebbles, cobbles, and bouldexs as much
as one foot in diametexr. Most of the clasts are derived
from the La.Jara Peak Formation but fragments from all
parts of the Datil Group are present in minoxr amounts.
Crossteddiﬁé énd chanﬁéling are coﬁmon structures. In a
roadcut just east of Dry Lake Cany@h, a white airxrfall tuff
aﬁd some—stratified tuffaceous sandstones are interbedded
with the other deposits. ﬁhe airfall tuff contains white
pumice lapilli up to one inch long cemented by reddish-

brown silty material.

Quaternary Deposits

Pediment Gravels. The oldest surficial deposits in

the area are thin veneers of poorly-consolidated pediment
gravels. The most extensive pediment surfaces occur along

the eastern wargin of the area as gentle eastward-dipping
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surfaces at the edge of the La Jencia basin (Snake Ranch
Flats). The pediments contain volcanic pebbles and cobbles
derived from the underlying Datil Group, and in the extreme
southeastern cérner, clasts of Paleoczoic and Precambrian
rocks. A prominent caliche =zone caps the pédiment gravéls
and extends onto the talus cones along the east side of the

southern Bear Mountains.

Talus, Landslides, and Colluvium. For the purposes of

this study, talus, landslides, and colluvium were mapped
collectively to delimit the aprons and fans derxrived from mass-
wasting. The talus deposits are stabilized by a mantie of
soil and grass and most are being dissected by shallow gulleys.
They are relatively_old deposits of probably Pleistocene age,
have a well-developed caliche zone on their lower slopes, and
merge downslope into the peéiment surfaces.

Bouldexrs as much as ten feet in diameter have slumped
downhill from the cliff—forming ash-flow tuffs and have been
pa#tiallf buried by colluvium.’ The upper tuff of Bear Springs
is pérticularly SuSceptiblé to slumping over the relatively
incompetentiandesites. The rotated slump blockg range in
size to as much as several hundred feet in leﬁgth and they

often leave cirque-like scars at their heads.
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Aeolian Sénd. The pediment surfaces in the southern
half-of the area have been largely buried by a veneer of
windblown sand. The sand shows up clearly on the aexial
photos as light-colored areas with a definite northeast-
trending grain. The thickeét accumulations occur.along La
Jencia Creek, where up to twenty feet of the sand overlies
pediment graveis, and in dunes which have developed on the
windward side of some ridges. The wigdblown sand provides
2 shallow ground-water reservoir by trapping meteoric watex
above the relatively lmpermeable adobe soils and caliche of
the pedimént éurfaces and usuwally supports a thick growth of

juniper and sage.

Alluvium. IE this report, alluvium is usgd to indicate
recent stream gravels which have been deposited in the major
drainages. It also includes deposits of deeply weathered
valle? £ill which have dbscurea.the bedrock; The o;der al-
luvium interfingers' with and is approximately the same age i

as the windblown éand.'

Petrogenesis of the Asgh Flows

The purpose of this section is to swmmarize and in-.
terprel some of the petrographic and f£ield data pertaining
o the ash flows in the study area in order to reconstruct

part-of the area's volcanic history... The data is restricted
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to the Hells Mesa ash flows which have widespread outcrops
in the area and have been sampled in some detail during the
mapping. A more comprehensive petrologic study of the
entire suite oFf volcaﬁic rocks necessitates systematic chem-
ical analyses but some preliminary conclusions can be drawn

in the present investigation.

Petrographic Data

Figure 14 is a composite section which compares the
mineralogy and abundance of crystals in each of the ash~
flow cooling units. The'aiagram shows that there is a dis-
tinct gap in the abundance of phenocrysts between the crystal-
.poox ash flows and thg crystal~rich ash flows. The formex
have an upéer limit‘of}io peréent while the latter have a
lower limit of aboaé 30 percent. The relative percentages
of the component minerals are designated by the histograms
which aléo display -a marked difference between the crystal-
pooy samples from the tuff of Bear Springs and the crystal-
rich samples. The two cooling units in the tuff of Bear
Springs are almost identical to each other but contain prac-
tically no plagioclase and relatively more. sanidine than the

crystal-rich units which are also quite similar to each other.

Peterson and-Reberls {19631 studied a number of ash-

flow sheets throughout the Basin and Range province of the
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western United States and found that there is a relationship
between the chemical composition and the cxystal content of
the tuffs. The crystal-poor welded tuffs contain less than
25 percent crystals-and chemically are rhyolites. The crystal-
rich Weldeé tuffs have more than 25 percent phenocrysts and
chemically range from quartz latite to dacite. The rhyolitic
ash f£lows are also composed of smaller sized vitric fragments
than the quartz latitic ash flows. Although the ash flows in
ﬁhe study area have not yelt been chemically analyzed, the
mineralogical compositions indicate that the crystal-poor ash
flows in the Hells Mesa Formation are rhyoliéic {Figure 10)
while the crystal-rich ash flows plot clogse to the rhyolite-
quartz latite boundary (Figure 8). Furthermore, petrographic
examination shows that the crystal and vitric ffagments are
generaliy smaller in the crystal-poor tuffs.

T ?étérson and Roberts (op. cit.) suggested two pqssiblg
hypotheses to explain these relationships: (1) differentiation
by crystal settling and/ox up%ard~migrating volatiles, and {2)
partial melting. The end result of either process would be
the formation of a crystal-poor rhyolite, high in silicas and
alkalis, and a crystal-rich quartz latiée or dacite, poor in
silica and alkalies. Although it is difficult.to demonstrate
whether fractional crystallization or partial melting has

formed a particular suite of rocks, the euhedral faces on many
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of the crystals and the presence of possible differentiation

trends in the modal compogitions suggest that the ash flows

in the Hells Mesa were formed by differentiation in a shallow

magma chamber although the original magma may have been de-

rived by anatectic melting in the upper mantle oxr lower crust.

The following sequence of events is postulated by the writer

as a model of the crystallization history:

1.

A melt of intermediate composition was emplaced

into a relatively shallow holding chanmber and

began crystallizing. XFarly-formed mafic and cal-

cic minerals settled toward the botﬁom of the

magma chamber while volatiles and alkalies as-

" tended toward the top. Gradually the magma seg-~

regated itself into an upper crystal-poor rhyolitic

ﬁart and a lower crystal-rxich level of quartz la-

titic composition.

Fissures tapped the lower level and crystal-xich
ash flows {(the tuff of Goat Spring) were erupted.
These agh Fflows were latitic to guartz latitic in
composition and‘contained relatively higﬁ percent;
ages of mafic minerals and piagioclase.

Later, another set of fissures tapped the upper
level of'the magma chambexr and erupted a series

of cxystal-poor ash flows (the tuff of Bear Springs).
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These ash flows were rhyolitic in composition and
were deficient in plagioclase and mafic minerals.
In addition, they were rich in volatiles and hence
more pumiceous and more fluidal as evidenced by
their lineated pumice and other laminar flow
structures.

From time to time the first set of fissures were
reépened and more crysfalnrich ash flows (the
tuffs of La Jencia Créek and Allen Well) were e-
rupted almost simultaneéusly with the crystal-~

poor ash flows.

Although this model is undoubtedly oversimplified, it

does provide a reasonable conception of the mechanisms which

may have produced the obseérved petrographic and field rela-

tionships.

The composite section in Figurxe 14 supports the

hypothesis by showing that crystal-poor and crystal-rich ash

flows alternate with each other in a somewhat cyclical manner.

The clots of crystal-rich material near the top of the tuff
of Bear Spriﬁgs suggests mixing of the two types of magma

. during the waning stages of that eruption. Except for the

upper part of the tuff of Bear Springs, the two varieties of

ash flows appear to have been erupted in intermittent pulses

from two different sets of feeder vents. The data is in~

sufficient to determine whether these vents were part of a
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plunbing system which tapped different levels of a single
magma chanber or entirely different magma bodies. The
general location of the ash-flow source or sources is dis-
cussed in more detail in the following section.
Directional Significance
of Iaminar Flow Structures

Ash~flow tuffs are thought to be emplaced in a highly
turbulent gas-charged eruption but descriptions of laminar-
flow structures in ash flows are becoming common in the
literature. Most of these structures, which include linea-—
tions, folds, and flow banding have been attributed to
secondary floﬁage caused by remobilization of the ash flows
after deposition. .However, some primary flow structures are
prodﬁced by iaminar'flowage just before the ash flows came
to rest.aﬁd these structures nmay be used to determine the -
diréééi@h ;f movement (Schmincke and Swanson, l§67; Noble,
1968; Lowell, 1969; Elston and Smith, 1970}. Theée primaxry
'léminar flow structures were first described by Sdﬂminqke
and Swanson (1967} and include: (1) stretched’pumiCe frag-
ments; (2) rotated.and broken pﬁmice fragments; (3) tension
cracks in the matrix: (4) hollows around rotated inclﬁsions;
(5} folds: (6) inbricated crystals, lithic, and puﬁice frag—
ments; and {7) famp structures, The ash flows in the study

area contain some of these features, which are described and
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Lineated Pumice. Compressed pumice ellipsoids and

cavities left by the wéathering of pumice are common in

each of the cooling units. These ellipsoids bulge in tﬁe
center and_taper at either end. The long axes are parallel
and define a lineation which trenéé congistently north-south
in the tuff of G0a£ Spring and from north-south to N 30°E in
the fuff of Bear Springs. Assuning that these lineations
were produced auring eﬁplacement of the ash flows,-the sense
of movement appears to have been almost north-scouth with a

slightly more northeasterly sense for the tuff of Bear Springs.

Rotated Inclusions. Schmincke and Swanson (1967, p.

- 653) described flow structures produced by differential flow-
.agé in the matrix around xotated inélusions. The structures
are typically spindle-shaped and are defined by two éavities
on diagonally opposite sides of the inclusion. The asymmetry
©of these éavitiés has directional significance since the
hollow on the downslope side of the inclusion is consistently
higher than the one on the upslope side.

fhé'ash flows of the thesis area locally contain abun-
dant lithic fragments up to séveral centimeters in diameter.

In places, pumiée has molded around these lithics_or_

around phenocrysts to form a crudely/iﬁiffig;shéﬁéd structure

~
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similar to these described above. The inclusions are slight-
ly iwbricated relative to the compaction foliation, and the
deformed punice is often highly érenulated on the downslope
side of the imbrication where the foliation was jammed
against the inclusion at the point of greatest pressure.

When viewed in a vertical plane parallel to the lineation,
the long axes of these spindle-~shaped structures dip south-

ward, presumably toward the source.

Folds and Ramp Structures. In places, the compaction

foliation in the con£ortea ash flow has been warped into
anticlines and synclines with amplitudes ranging from several
inches to several feet.. The shape of these folds varies from
broaﬂ,_wavelike undulations to tight, V-shaped flexures. The
axes of all the folds observed are oriented west~northwest,
normal to the bumice lineation,. -Axial planes of the asymmetric
folds usually dip steeply southward. The broad warps have
wavelengths up to several feét and may be ramp strucﬁures, SO
named by Schmincke and Swanson (1967; p. 656). One of these
ranmps, found near Bear Springs, is about six feet long and
highly asymmetric with the steep side southward and with an
axis which trends about Eweﬁty degrees north of west.

The folds.are probably primary features produced by the

compressional buckling of the contorted ash flow after the



Figure 15. WwWavelike folds in the contorted unit, lower
tuff of Bear Springs. View is looking west, perpendic—
ular to the sense of movement.
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pumice had largely collapsed and the ash flow was moving in
a laminar manner‘just before coming to rest. The southward
dip 6f the axial planes indicates that the ash flows of the
tuff of Bear Springs advanced from south to north and theilr
© foliation began to wrinkle like a rug as the flow front 1$st
momentum. Similar f;ow structures which indicaté the same
sense of movement have been mapped by Richard Chamberlin
{oral communication, 1971) in thé Gallinas Mountains. A
possible source caﬁldron for the tuff of Bear Springs has
recently been discovefed by Ed Deal and Rodney Rhodés

(oial communiéatioﬁ, 197}) in the Méunt Wiéhington area of
the San Mateo Range which is located about 30 miles to the
south-southwest of thé.;tudy area. A source in that general
area is copsistent_with the laminar flow structures described

in this report.
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STRUCTURE

.Regional Structure

‘The regional structural framework of west-central New
Mexico has not bheen studied in detaii. According to Eardley
(1962}, the area is pari of the Sonoran-Chihuahua system, a
subdivision of the Basin and Range province characterized
by late-Cenozoic bloék faulting and volcanism. The Bear
and Magdalena(Mountains represent a north-northwest-trending,
westward-tilted upliﬁt bordered on the east by a downfaulted
basin knowﬁ as the Snake Ranch Flats or La Jencia basin.

The late Cenozoic block faulting related to the Rio Grande
rift zone has been superimposed on Laramide uplifts and
basins which were ;eveled by a pre-volcanic erosion surxface
of‘regional extent. Within the framework of the Mogollon
Platean volcénic province the type-Datil rocks of the Bear
Mountains are thoughf bylEiston (1968) to occupy the outer
rim of a large volcano~téctonic depression centered in the
Mogollon Plateau. | | |

Taramide forces warped the pre-volecanic rocks of the
area into a series of plunging homoclinal folds and thrust
5elts (Daxrton, 1928;(Ke11ey and Wood, 1946; Tonking, 1957;

Kelley and Clinton, 1960). ILaughlin and Koschmannk(l942)

.
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found evidence that the Paleozoic rocks in the Magdalena
District were arched into an elongated anticline which
was beveled by erosion prior to deposition of the Tertiary

volcanic rocks. Earlier writers attributed these folded -

structures to east-west compressive forces but Eardley

(1962, p. 402) favors the role:of vertical uplift due to

a risiﬁg célumn of magma.during the Laramidé oxrogeny.
Since middle Miocene time, the Colorado Plateau and

surrounding Basin and Range province have been subjected

to crustal distension accompanied by volcanism. The cause

e

of tensional forces may be a northwestward drift of the
Colorado Plateau block,. which has opened up the Rio Grande

rift (Eardley, 1962; Chapin, 1971-b}.

—

Local Structure

The area of investigation has had a long and complex
history of recurrent faulting from middle Tertiary time
until the present. An interpretation of the structure must
explain several anomalous features of the area. First,
Figure.16'shows that the study area occupies a low saddle
between the Magdalena Mountains on the south and the Bear
Mountains 6n the north. Second, there is a marked dis-

cordance between the general west-southwestward tilt of the
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rocks and the north-south alignment of the individual fault-
block ridges. Third, reversals of the regional westward dip

are present in places.

yoliqocene Faults. The oldest deformation exposed at
the surface within the study area is a series of closely
spaced normal faults which have broken the eastern part of
the a%ea into a number of tilted blocks progressively
| stepped down to the east. These faults were developed duxr-
ing the Oligocene because they cut ash~flow tuffs dated-at
about 30 m, y. and are intruded by monzonite stocks dated
at 28 m., y. The individual faults trend from about north-
south to N 15 W. The fault planes dip steeply to the east
at angles Ffrom 60 degrees to nearly vertical. The out-
crop pattern of tg; map sugqests that some blocks are bound-
ed at either end by transverse faults which trend approxi-~
mately east-West;

Some of the fault zoﬁes in this.éystem have localized
the emplacgmant of the éndesite and monzonite_stocks as
well as numerous smaller dikes: Most of the dikes trend
about northnsoqth and dip steeply east, but many form a
criss-cross pattern, trending from N 30 E té N 10 W. This
pattern may be related to a conjugaté set of fractures

developed contemporaneously with the faults. The dike

T
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patte¥n, togetherx witﬂ the predominant north to north-
northwest trénd of the fﬁults, indicates that the tensional
stresses which produced the fracturing were oriented east-
northeast to east-west. This system of faults and dikes is
part of a major zone of Oligocene faulting and intrusion
which has a known 1en§th of over 25 miles from the central
portion of the Magdalena Mountains through the Kelly mining
district and northwafd along the east edge of the Bear Mount-~
ains to north of Riley (Chapin; oral communication, 1971).
The zﬁﬁe is about 1% miles wide in the Kelly district, 3 miles
wide in the thesis area, and about 5 miles wide in the Riley
area. It is characteri;éd by closely spaced normal faults
‘intruded by mafic dikes and by monzonite stocks and their
related latitic to rhyolitic dikes. The regional extent and
significance of this structural zone is only partly known
but it was a major factor in the localization of monzonite

stocks .and ore deposité in the Magdalena area.

Basin and Range Faults. During the period of Basin and

Range faulting, the Magdalena Range was uplifted into a ..
westﬁardftilted horst‘bounded on the east éide by the La
Jencia basin. During the early stages of uplift a set. of.
norfheast~trendin§rfauits drdpped the study area into a graben

oriented obliquely to the Magdalena-Bear Mountains horst. The

S

.
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main period of uplift pfdbably took place during late Miocene
to Plimcene time because the faulting postdates the La Jara
Peak Formation (24 m. y.) and both accompanied and followed

" deposition of the Popotosa Formation (the Silver Creek Andes-
ite ihterbeddea"in the lower part of the Popotosa has been
dated at 16 m. v. {(Weber, 1971). Outcrops of the Popotosa
Fofmation have been fdund on both sides and on the crest of
the Magdalena Range and playa deposits of the Popotosa hgve
been uplifted along the Socorro-Lewmitar Mountains (Chapin,
1971-b). The major-expression of this faulting in the south-
ern Bear Mountains is a prominént north-northwest trendiné
escarpment along the western margin of the La Jencia basin.
This escarpment grobabl§‘fepresents a zone of closely spaced
normal faults proéressively stepped down to the east. The
presence of a recent fault scarp just outside the mapped area
indicates that movement along this fault zone has continued

up to the present.

Normal Faults
Faults of this system generally trend from N 10°E to
N 20°W. Some of the northwesterly-trending faults may rép-
resent renewed movement aiong the Olig&cene zones of weakness.
The fault zones'arg often free of dikes, but contain fault

breccia, calcite, and spring deposits. Evidence from slicken-
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side surfaces and stratigraphic displacement indicate that
the fault plapés of the northéast~trending set-dip an average
of 75 degrees Lo near-vertical, and are downthrown to the wesl.
The Hells Mesa Ffault (Tonking, 1957, p. 38) exéends for
£ifteen miles in'a north-northwesterly direction through the
Puertecito Quadrangle and its southern continuation has baen
traced for an additional six miles in the present area where
it trends approximétely north-south along the east side of
the high Bear Mountains axis. The west side of this normal
fault has dropﬁed the La Jara Péak Formation down more than
one thousand feet. In the Puertecito Quadrangle, Tdnking
estimated the throw as..500 to 600 feet and the horizontal
displacement as greater than oﬁe mile. The Hells Mesa fault
appears to be part of a system of subparallel faults.which
are progressively stepped down toward the west into a graben

which lies between the Bear-Magdalena and Gallinas-San Mateo

Obligue-Slip Faults
In the northeast corner of the area, a prominent fault-—
controlled ridge along the south side of Bear Springs draw
jJuts out into the La Jencia‘basin transecting the regionél
northwesterly'strﬁctural grain. The whole area south_of
Bear Springé draw is phfsiographically and structurally low

~
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and appears to have heen moved down and to the east with
respect to the main Bear Mountains to the northwest. As

the Bear Springs axea is approached from the north and south
the strike of the outcrops swings from the regional ﬁ is5w
trend and becomes almost east-west. The ridges wrap around
and are truncated at their northern ends. Many outcrops
are warped up or down by drag next to'the faults and tilted
eastward on the downthrown blocks.

The cause of these rhysiographic features is a zone of
northeast-trending faﬁlts in the‘vicinity of Bear Springs.
The zone is abouﬁ one mile wide and the aggregate vertical
throw is approximaﬁely one thousand feet. Individual faults

trend from thirty to forty-five degreeé east of noxrth and

display a left-lateral sense of movement in plan view. It

i3 not possible to prove strike-slip displacement in the study

areé)becauée no dikes or other vertical structures are offiset
_ by the faults. However, left~lateral movement can be demon-
strated algng the sguthermost oblique—-slip fault zone near
Highway 60, where ahzone of Oligocene dikes and faults has -
been offset about 0.8 mile. Part of the apparent strike-slip
of fset may be caused by the regional southwesterly dip of the
rocké. The northeastwtrending'faults in the study area are
part Sf a major oblique~slip’ fault system which has dropped

the Tertiary volcanic rocks into a low saddle bounded on the
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gouth by the Magdalena Mountains and on the noxrth by the
main Bear Mountains (Figure 16; Chapin, 1971-b, p. 199}.

The original faunlt traces of the oblique-slip system
have been largely obscured by more recent uplift along the
northmtrénding Basin and Range faults and their major sur—
face expression is a s#rikeﬂslip displacement of about 1.5
miles across Bear Springs Draw. Complex, mutually cross-
cutting relationshipé between the two fault systems are
suggested by the geologic map, which implies that the oblique-
slip faults are geneticallf related to the tensional forces
which have uplifted and tilted the Magdalena and Bear Mount-
ains since Miocgne time. The oblique-slip faults probably
becane dorﬁant s&me time ago while the north-trending normal
faults have contindéd to upiift the study area relative to
the La Jencia graben.

_Thé ﬁwo majér Ffaults in the oblique~slip s?stem are
Deer Spring fault and Bear Springs fault. The block between
these two strqctures is a northeast—-trending graben which has
displaced a section of the La Jara Peaﬁ Formation down
-and Eo the east. Deer Spring fault trends northéasterly
- across Deer Spring Canyon and offsets rocks of the Datil
Group about 1000 feet down along its southeast side. South
of Deer Spring the fault follows a topographic lineament

.through the La Jara Peak Formation in a north-northeasterly
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Thesis area

E

Figure 16.Location of thesis area with respect to the major structural
elements in the Magdalena area., Dark lines represent major-
high.angle faults, Mountain ranges are outlined by the
7500-foot topographic contour,
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direﬁtion, subparallel to the Hells Mesa fault. Bear Springs
fault trends norﬁheasterly in a topographic lineament along
Bear Springs Canyon. South of Bear Springs ranch, this fault
trends south-southwesterly for about one mile énd then bends
gsouthwegterly again. The southeast side of the fault is up-~
thrown and éouthward rotation of the upthrown block has
flattened or reversed dips along the éntire length. It is
possible that Bear‘Springs fault was originally downthrown
on the southeast side and the present sense of movement has
resulted from reaétivation.of the fault zone during more

. recent uplift.

- - Folding

The only majo? fold wvisible at the surface 1s a broad,
flat-bottomed syncliné. The axis of this flexure trends in
a north-norxthwesterly direction and bisgcts‘the gsouthern half
of the area into an eastern limb which dips to the southwest(
and a western linb which dips to the southwest. Near the axis
the ash~flow tuffs are nearly horizontal; At least fourx
explanations foxr this revefsal of the regional westward dip
occﬁr to the author: (1) east~west compressional stresses,
(2) compaqtion dips aloné the sides of a paleovalley, (3)
intrusive doming, and (4j fault~block tilting. The first

explanation, favored by Johnson (1955}, seems least likely

S
——
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in view of the tensional stresses present since middle
Tertiary time.

The original outcrop pattern of the fold has been con-
siderably modified by faulting, which makes it difficult to
evaluate the remaining possibilities. If the entire south-
ern Bear Mountains érg on the southwestern limb of a major
southward-plunging arch (Tonking, 1957, p. 37}, then it is
possible ﬁhat the Oligocene ash flows were emplaced along a
northwest—-trending synclinallvalley. Ash flows are highly
mobile and are known to fill in low areas like water. In
support of this possibility, the axis of tﬁe fold is almost
on trend‘with the axis‘pf a synclinal ?aleovalley in the
Puertecito Quadfangle {(Tonking, 1957, p. 24). If the ash
flows of the Datil Group were emplaced into this paleovalley,
compaction dips along the sides would explain the reversal in
the dip of the ash flows and the trend of the valley axis
would explain the coﬁsistent north~south lineations in the
"ash flows. HOWevef, it seems likely that the low relief on
thé prevélcanic surface would_have been largely filled and
levelled by Spears sedimentation prior to éruption of the ash
flows unless erosion exhumed part of the topography.

" an alterﬁative.explanation for the fold is fhat the west
Llimb of the syncline was doﬁed up by a concealed intrusive

similar to the La Jencia monzonite stock which warped up part

T~
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of the east limb. The attitudes of the volcanic rocks in
the southwestern part of the study area form a crudely
arcuate pattern around the highest point on the north-
trending ridge which formé part of the west limb. If such
a dome originally existed, its form was laxgely obscured
by-normal faulting which collapsed the center of the in~
trusion into a graben bounded .on the east side by the ﬁells
. Mesa fault. Althoﬁgh no surface exposures of any large in-
trusives have been found west of the La Jencia stock, the ash-
flow tuffs in the vicinity of Allen Well are hydrothermally
altered alongAfracture zones and most of the tuffs are silic~
ified to some degree up to one mile noxth of La Jencia Creek.
This alteration was probably produced by the localization of
hydrothermal f£luids along numerous faults, but evidence is
lacking to determine whether the fluids ascended from an under-
lyinghintrusive.

| Another explanation for the fold is tilting due to
block faulting., The regional southwestérly dip reverses and
becomes southeasterly along a‘line passing diagonally.across
-the study area from Bear Springs draw on the northeast écross
the northern end of the synclina; structure and southwestward
baneath the alluvium towgfds Allen Well. Immediatély south of
this line, which coincides Qith a zone of northeast—tﬁending

faults, the outcrops either flatten or dip southeastward as

-
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if filting and/or drag has warped the strata out of their
previous attitudes. The west limb of the synclinal structure
is located at the intersection of north-trending Basin and
Range faults with northeast-to-east trending transverse faults
which have dropped the major portion of the study area into a
northéastuoriented graben. Unfortunately, sand has covered
the critical zone of intersection in the southwestern corner
6f the area bﬁt the topoéraphy and the repetition of units
suggests thatxthe‘west limb of the syncline is a horst bounded
on the west and north by major downdropped blocks. The rota~
tional sense of the horst would be away from these two gra-
bens, which might produce the southeastward tilt observed
along the ridge held up by the horst. However, the ridge is
over 3 miles in’lengtﬁ and the southeasterly dipé persist to
the south boundary of the map area. This seems too great a
distance to explain by tiltiﬁg along the northeast-trending
faults.

A curious feature of t?e western limb of the syncline
is that tﬁe strike of‘the beds is generally transverse to
" both the synclinal axis and to the north—trending‘faults which
have truncated it on the west. This makes the structure dif-
ficult to egplain by either compressional folding or block
faulting and lends some credence to an origin by iﬁtrusive
doming ox coﬁpaetion over bﬁried topography . nFurther mapping

to the south may shed some light on this problem.

.
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BCONOMIC GEOLOGY

The study area is situated just north of the Kelly
mining district, an important producer of lead, zinc, and
silver ores until about 1949 (Titley, 1959). Most’of the
mineralization occurs along the west slope of the Magdalena
Mountains in a major faull zone which trends N 10°W and is
over a mile in width.x Past production has been mainly from
veln and replacement~type ore deposits extending to the south
. of the Nitt Stock for about three miles along thekfault zone.
The.fault zone and the monzonite stocks extend northward
along the west side of Granite Mountain into the southeastern
corner of the étudy area where a number of weakly-mineralized
-@epithermal veins occur.in the vicinity‘of‘the La Jencia mon-
zoniie stock. -

Most of the veins in the study area are located along
the western and northern margins of the La Jencia stock. The
véins vary in width from a fraction of an inch to zones as
much as five feet wide. One set of veins roughly ﬁarallels
the western contact of theAstock; these trend from about due
north to N 20°E and dip 70°to 85 east. A second set trends
from about N 45 E to almos£ east-west and dips 55° to 75" south~
east. A third set parallels a strong N 30°w joint set within
the stock. ~Many of the veins are lbcalized near contacts of

the monzonite with the tuff of Bear Springs or with the andes-

.
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ite intrusives.

Gangue minerals include quartz, calcite, slderite, and
ba?ite. The quartz was deposited early in the form of small
veinlets and massiVe silica. The carbonate minerals occupy
veinlets and cavities in brecciated cherty quartz; Apparently
the eariy quartz~filled veins were reopened and sealed with
carbonate minerals and barite. Sulfide minerals are found
primariiy in veins which cut the tuff of Bear Springs where
it 1s warped up and silicified along a ridge parallel to the
contgct. The sulfides include small grains of pyrite, galena,
chalcopyrite, and sphalerite disseminated in the massive
quarktz. A trace of malaphite is also present in some areas.
Séme of the calcite has a black coler from the presence of
internally disseminated cryptomelane, a potassium-bearing
form of psilomelane {(Charles Walkexr, oral communication, 1971).
The sulfide-bearing veins in the tgff of Bear Springs have
"been'm;ned to a shallow depth with shafts connected by drifts.
The absencé of significént amounts of ore minerals in the
dumps indicates that the veins may have been worked for thedir
gold or silver value.

The TLa Jencia monzonite stock and its associated veins
appear to-represent the roof zone of a large intrusive body
which was emplaced within 2060 feet of the Oligocene sufface

(C. E. Chapin, oral communication, 1971). Evidence found in
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the stﬁdy area which supports this conclusion includes the
presence of roof pendaﬁts of the tuff of Goat Spring within
the monzonite, the high stratigraphic position of the La
Jencia stock, and the structurally low position of the study
area relative £0 the Magdalena Mountains. Although the silicic
ash-flow tuffs now exposed at the surface were.not very reactivé
to hydrothermal fluids, the Paleozoic limestones buried at
depth might contain replacement deposits similar to those
farther south, in the Kelly distfict. The present study in-
dicates that such deposits would be buried beneath a Tertiary
volcanic cover about 2000 to 2530 feet thick in the vicinity
of Lia Jencia stock.

The La Jafé Peak Andesite is also mineralizéd, but not
within the study area. In the Silver Hill area to the south-
west and at the Baca prospect near Hells Mesa, the andesites
are cut by.veins which follow brecciated fault zones. The
veins contaln quartz and calcilte as gangue minerals and
chrysocollé together with minor amounts of copper carbonates
and chalcocite as ore minerals (Lasky, 1932, p. 38-41). The
deposits are localized along the Hells Mesa fault zone, which
suggests a second period of mineralization suﬁsequent to de—‘
positioﬁ of the La Jara Peak Andesite (24 m. y., Chapin, 1971-a)
and the beginning of Basin and Range ﬁaulting;

Ancother area of mineralization cccurs in the La Jara
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Peak Andesite south of the study area, between La Jencia
Creek and Magdalené (Lasky, 1932, p. 41—42; Loughlin and
‘Koschmann, 1942, P. 16§). Mapping in this area by C. E.
Chapin ( oral communication, 1971) has re&ealed the existence
of west-northwest, northwest, and northeast-trending veins
éontaining quartz, barite, carbonates, and minor amounts of |
galena.‘ |

The exposed portion of the ia Jencia monzoni#e s?ock is
gquite fresh and barren and offérs little encouragement For
-finding disseminated,su;fide mineralization: Loughlin and
Koschmann {1942, p. 1ll;i12) concluded that mineralization
in the Kelly district is not related to the exposed sﬁqcks
bgt‘rather to maj&r faults which served as conduits along
which the ore fluiés aséended from a grgat depth.

A ﬁoré favorable exploration taxgetlmay exist just west
of the study area, where two factors suggest the presence §f
a concealed intrusive: (1) the west limb of‘tﬁe gynclinal
étructure (p- 90) may be related to magmatic doming, and
(2) a small area of intgnée hydrothermal:altération occurs
along Council Rock Ar;dyo, in the extreme southwest corner
of the mapped area.. The postulated intrusive would be

located somewhere between the Bear and Gallinas Mountains.
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GEQLOGIC HISTORY

Prevolcanic History

In late Cretaceocus and early Tertiéry time, Laramide
orogenic forces uplifted the area to the north of the Bear
Mountains to form the north-trending Lmcero arch and Comanche
thrust belt. Another major uplift formed to the south and
southeast of_the study area; its western flank trends north-
eastward through Magdalena and the scuthern Bear Mountainé.
Exosion of these highlandé dqring early Tertiary time re-
sulted invthe deposition of as much as 1000 feet of arkosic
sedimentslto form the Baca Forxmation of Eocene age (Kelley and
Wood, 1946; Snyder, -1971).

By the end of the Eocene, erosion had beveled the up-—

1ifts and Filled the basinal areas to formva low, undulating
surféce with northwest-trending synclinal valleys. One of the
largest of these valleys probébly headed west of the Lucero
uplift and drainea southeastward through the center of the

study area (Tonking, 1957, p. 24).

Volcanic and Postvolcanic History
In early Oligocene time, a volcaniclastic alluvial apron
spread across the Magdalena area as a result of erosion of

andesite and latitic volcanic rocks being erupted in the heart

of the Mogollon Plateau volcanic province to the south and
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southwest. After deposition of more than 1000 feet of allu-
vial detritus, the eruptioﬁs encroached on the Magdalena area
and mudflows, ash flows, and lava flows from local centers
spread over the alluvial apron. Porphyritic andesite flows

and the tuff of-Nipple Mountain spread over a wide area of

the alluvial apron to form a very useful marker horizon above
the thick and monotonous sequence of fluvial conglomerates.
Continugd,transport of v@lcanic detritus away from the center
of the field buried the tuff of Nipple Mountain. The nature

of the eruptions, however, became increasingly violent so

that fluvial deposition gave way to mudflows and then to cul-
minating eruptions of latitic ash flows. An ensuing period of
hydrotherméi alt;ration”and erosion is recorded in the hematite-
stained conglomerate which marks the top of the Spears Formation
in the ébutheﬁn Bear Mbuntains.

" The ash £lows in the upper Spears signaled the beginning
of a period‘of catastrophic eroclastic eruptions which buried
the Magdalena area feneath neérly 2000 feet of tuffs. The
first of thgse great eruptions formed the tuff of Geat Spring
(30.6 £ 2.8 m. y;, Weber and Bassett, 1963; 32.1 I 1.5 m., y.
and 32.4F 1.5 m. v., Weber, 1971, p. 40-41). TFissures tapped
the lower part.of a fractionally crystallizing magha chanber

to form these very crystal-rich ash flows. The exact location.

of the source is not known, but flow structures, suggest that

-
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it may have been to the south of Magdalena. In the study area,
the ash flows may have flowed northward along a broad paleo-
valley largely filled with Spears sediments.

Welding and cooling of the tuff of Goat Spring was fol-
lowed by the eruption of porphyritic andesite flows. Parxtial
collapse of the magma chamber roof may have sealed off the
fissure vents témporarily. A period of relative gqulessence
was marked by minor erosional reworking of the surface and
the deposition of andesite flows.

Renewal of pyroclastic volcanism began with the eruptiocn
of the tuff of Béar Sp?ings which has not yet been dated. The
source of this ash flow sequence appears to have been a major
cauldron centered in the Mount Withington area at the north
end of the San Mateo Mountains (Ed Deal, oral communication,
1971} . A wvery hot, crystal-poor series of ash flows entered
the study area from the southwest and welded together to form
the lower coo}ing unit. The upper ash flows of this unit were
pumiceous and very fluidal; they flowed in a laminar manner
just before cbming to rest as evidence by stretched pumice-
and abundant émal} flow folds whose axes are perpendicular
to the pumice lineations. The tuff of La Jencia Creek was
exupted contemporaneously with the non-pumiceous tﬁffs in the
lower tuff of Bear Springs, but these crystal-rich gsh flows

advanced only as far as the southern margin of the study area.
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A short pericd of gquiescence followed and minor ercsional
relief was developed on %he lower cooling unit. A series of
thin andesite flows then entered the area along the low cen-
tral axié of the_paleovalley. Continuing eruptions from the
Mount Withington cauldron deposited the upper cooling unit of

the tuff of Bear Springs in the central part of ﬁhe area.

Foliowing the deposition of more andesite flows and thin
volcaniclastic sandstones, the tuff of Allen Well was- erupted.
These cxystal-rich ash flows représent the youngest Datil
Group volcanic rocks found within the study area. Other ash
flows may have been emplaced during the waning stages of vol-
canism and stripped by erosion from the study area. By the
-end of this period of volcanism, which may havé spanned as
much as four million years, the preﬁolcanic drainages were
1érgely filled and the area was parxt of an extensive construc—
tional plain.

Tn late Oligocene time, the volcanic rocks were broken
~and tilted by block faulting along a wide north—tréﬁding fault
zone. Faulting may have been initiated by the upwaré movement
of magma during the last stages of effusive activity. 2A num-
ber of dikes and stocks were intruded along this fault éone,
incluéinglthe.Nitt and Anchor Canyon monzonite stocks (28.0 I
1.4 m. y. and 58.3 T 1.4 m. y..,. respectively; Weber and

Bassett, 1963, p. 220). The La Jencia monzonite stock, which .
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has not bheen dated, was emplaced close to the surface at
this time. Hydrothermal‘fluids ascending along the margins
of these stocks deposited quartz veins and minor low-
temperature sulfides in fractures.

Afﬁér this period of structural modification, erosion
dissected theé volcanic rocks into a low undulating topography.
Volcanism began again in early Mioccene time with the extru-
sion of the La‘Jara Peak Formation (23.8 T 1.2 m. yv. , Chapin,
l9fl~a). Thin basaltic andesite flows flooded the topography ;
these sporadic-eruptions were separated by local surféce re-—
yorking and sedimentation in lava-dammed streams.

After a period of time sufficient to deposit as much -
.as twolthousand feet of lava flows and sediments, the volcanic
activity began to subside and faulting related to the openiné
of the Rio Grande rift began; The area was uplifted and
tilted to the west by normal Faults along the west boundary
of the La Jencia graben. While the area was being uplifted,

a set of 5blique~slip faults dropped the southern Bear Moun-~
tains into a northeast-trending trough bounded by the high
Magdalena Range on the south.

Concurrently with uplift, a great thickness of La Jara
ﬁeak.Andesite was stripped by erosion from the hiéh areas. A
noxrth—-trending graben bounded on the east side by the Hells

Mesa fault preserved a thick section of the La Jara Peak

.
—
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Formation and became filled with the fanglomerate of Dry
Lake Canyon. Alrfall tuffs interbedded with the fanglom-
esates indicate that volcanism may have accompanied faulting
in the nearby area.

During thé last stage of deformation‘the fanglomerate
of Dry Lake Canyon was uplifted, tilted, and partially
removed by erosion. In Quaternary time, an extended period
of erosion diséected the tilted fault blocks and developed
extensive pédiment éurfaces which were later buried by sand
blown into thé area from the southwest, possibiy from the

San Augustin Plains and La Jencia Creek.
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CONCLUSIONS

The southe;n Bear Mountains have been the site of at‘
least two major periods of volcanism separated by a span
of several miilion vears: (1) an Oligocene period of early
latitig and andesitic eruptions and later rhyolitic pyro-
clastic erﬁptions which produced the rocks known as the
Datil Group, and (2) a Miocene pericd of basaltic andesite
volcanism which proéuced the La Jara Peak Formation. The
conbined thickness of these Tertiary volcanic rocks and their
clastic derivatives may be six thousand feet or more.

The Hells Mesa Formation, which forms the upper part
of the Datil Group is thicker and more varied than previous—
1y described by Tonking (1957)}. Cooling breaks 5etween ash
£low units are occaéied by thin andesite flows aﬁd clastic
rock§.4 Cxystal-poor rhyolites and crystal-rich quartz la-
tites fééﬁ.two diséinctly different types of ash-~flow tuffs.
These contrasting tuffs appear to fit the model of Peterson
and Roberts (1963}, by which the pumiceous rhyolites are
thought to be erubted from vents which tap the volatile-rich
upper 1eve; of fractionating magma chamber, while the crystal-
rich guartz latites are #hought to be derived from.a crygtal
mush éccumulating in the lower part of the magma chamber. The

.two varieties of ash flows were erupted by overlapping and

L. e

.
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partly simultaneoﬁs activity. ILaminar flow structures in-
dicate that the source of the tuff of Bear Spriﬁgs lay some-
where to the south or southwest.

Following, or possibly accompanying, the last stages of
Oligocene volcanism, north-trending normal faults tilted
the rocks westward and 1écalized the emplacement of hypabys-
" sal. intrusives. The largest of these intrusives in the study
area, the La Jencia monzonite stock, was forcefully injected
close to the surface and tilted the volcanic rocks along its
western margin. Hydrotﬁermal fluids latexr deposited epi-
thermal veins in fractﬁres and fault zones ﬁear the stock.
-The veiné,are géneral;yvbarren of ore and the present study
'inﬁicates that %ny leadméinc replacemant deposits in the
Paleozoié.limestoﬁes would be buried beneath a Tertiary vol-
canic cover about 2000- to 3500-feet-thick in the southeastern
part of the area and £rom 4000~ to 6000-feet-thick in the south-
western cofﬁer of the area where a thick section of the La
Jara Peak Formation has bee; breservea by down-faulting.

Eruption of the Lia Jara Peak Andesite began in éarly
Miocene time after'an grosional hia£u5 of about four wmillion
vears. The flows were eruéted onto an erosional surface of
low relief from fissure-type vents. Intermittent Qolcanism
and minor sedimentation over an ﬁnknown time sﬁan deposited

as much as 2500 to 3000 feet cf material in the study area.

.
~



- 106 ~

In late Miocene time the area was transected by two
méjor fault zoneé related to the opening of the Rio Grande
rift; The volcanic rocks were uplifted and broken into
north-trending blocks by Basin and Range faulting along the
west shoulder of the rift. At approkimately the same time,
northeast-trending faults at the northeast end of the San
Augustih arm of the rift dropped part of the sfudy area at

least one thousand feet relative to the Bear and Magdalena

uplifts.
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