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THE GEOQLOGY OF LA JOYITA HILLS,
SQCORRO CO., N. M.

2 o Ward W. Arendt, M. 5.
g - Department of Geology
The University of New Mexico, 1971

La Joyita Hills is a complex series of ho;st
blocks surrounding a Precambrian core. 0On the west,
Pennsylvanian and Permian sediments overlie the Precam-
brian complex. 0On the east and south are a series of ash-
flows and andesitic flows cut.by east-west trending faults.
There are some intrusive rocks occurriné within Tault
zones.

Pennsylvanian sediments, 416 ft thick, are composed
of the clastic Sandia Formation and the Madera Limestone.
Resting unconformably on the Pennsylvanian sediments is
the Bursum Formation of early Permian age. The Bursum
Formation, 30 ft thick, is an arkose with a basal, limestons-
granule conglomerate. The Bursum is conformably cverlain
by the Abo Formation. The Abo is a series of dark red,
interbedded siltstone, mudstone, and shale and is grada-
tionally and transgressionally overlain by the Meseta
Blanca Sandstone Member of the Yeso Formation. The Yeso
Formation, 1000 ft thick, contains four members: the
Meseta Blanca Sandstone, the Torres, fhe Canas Gypsum {not

mappable), and the Joyita Sandstone. The units represent
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a conformable sequence except where the Joyita” Sandstone
~is disconformably underlain by the Torres in the northern
part of the area., The Glorieta Sanhdstone, a massive,
cliff-forming sandstone, 123 ft thick, gradationally and
transgressionally overlies the Joyita Sandstone. The
Glorieta is conformably overlain by the San Andres Lime-
stone., The San Andres is a massive, cliff-forming lime-
stone, 235 ft thick, unconformably overlain by the Dockum
‘Group of lLate Triassic age. The Dockum Group is a maroﬁn,
cross~bedded sandstone, 70 ft thick, unconformably over-
lain by the Béca Formation. The Mancos Shale-Mesa Verda
undifferentiated consists of shale, sandstone and silt-
stone; and is erosicnally unconformable with the Baca.

The BaFaAFormation is a coarse conglomerate. The overlying
Tertiary extrusive rocks are a series oflash—flows,‘water—

laid tuffs and andesite (An —AnSD) flows. The Santa Fe

25

Group overlies all formations in the area. Intrusive rocks

in the mapped area occur in fault zones and are mainly

andesite (AnZZ—AnAB) with a few rhyolites. Quaternary

deposits consist of sand, gravel, and mud, which are loosely
consolidated, with some recent stream|channel and eolian

deposits. :
There are four main fault sets in the mapped area.

© £E., is probably%related to early

The first set, N, 80

deformation, possibly during Precambrian time. The other

i

sets are interrelated. The N. 1Do‘w.lset is the result of
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tension during the formation of the Rip Grandeﬁéraben»
The other sets, N. 48° W, and N, 32° g., are conjugate
shears resulting from a possible cgmpréssion in the north-
SQUth directian,. ‘

There is only minor lead, fluofite, and copper
stockwork mineralization in the mapped area. Most of it
was prospecfad at the turn of the century. However,

there has been some recent prospecting for manganese in

the San Andres Limestone.

vi



CONTENTS

TNTRODUCTION . + s et ve e vnasenenonenneosnenesacnon

i

Physiography, location, and accéssibility.

Methods of investigation..

Previous investigations.

Acknowledgements....

ROCK UNITO . e eerenvsanaans
General Statement...
Precambrian..eseecess

Pennsylvanien System,

*

Sandia Formation.

Madera Limestone.

Permian System...escoess

Bursum Formation.

Abo Formation....

Yesao fFormation...

¢

*

.

.

*

«

.

«

.

Meseta'Blanca Member.

Torres Member...eseoe

Cahas Gypsum Member..

.

.

.

.

Joyita Sandstone Member.

Glorieta Sandstone.......;..

San Andres Limeston8......c0

vii

»

@

*

*

~N =~ =

10
10
13
13
14
16
16

19

S 21

27

23

24



Triassic System..eceecesoane

Dockum GrouUpsseccesees

Cretaceous Syst@Meceevosess

Mancos-Mesa Verde Undifferentiated

Tertiary System....ceevo
Baca Formation....

Extrusive rocks...

Santa Fe Formation.

Intrusive rocks...

Quaternary System.......

STRUCTURE . veevvceoecoccon
Regional setting.e.cecss.
Precambrian deformation.

GeometrYeeooooooes

HistorYeeeooooooos

Paleotectonics associated with the

.

e

°

A

°

°

.

o

o

.

o u & 2 8 5

¢ 3 e 0 & 0 @

b0 @ 0 o 0@

@

Wolfcamp Joyita uplift....e.eess.

s

Paleotactonics‘of the Post-Leonard—-

PI‘E-—KEUPEI‘ Upliftoobaoooouonuicuc

Tertiary SErUCtUTE..eeeasacssvoasse

GEDthI‘y......o...o..-.o...o.

Rosa de Castillo fault.

West Joyita fault......

East Joyita fault......

Carnada Ancha fault.....

viii

@

.

o

L]

.

.

26
26
28
28
29
29

30

33

35

36
36
38
38

38
39
42
42
44

43

45



B

Central Canyon fault...cceoececavee

Mechanics.o.ootoootoovoao.bo_oooooo-

e 2 o & & 0

v
ECONOMIC GEOLOGY . cevevovecrsasscooecvoseecsvococcancass
APPENDIX . ¢ v oennseveenccossoscoossasosssnnsassosssssosse
I. Modal Analyses........................a;.a.

Table 1.ieiiscoeecossccsccscsosososncossans

Table 2000.-00.00.ootoooon.oo-.coocoo.aoﬂ

II. PhotomiCIDgI‘aphS..».....«o...'..-.ca..-o;a.

REFERENCES CITEDcocoooocoonlcOonl.ooa’onooococobotoo-

ix

49

53

56
59
60

61

63

73



FIGURE
1.

2.

k4

LIST OF FIGURES

Index Mapesiscasacos

@ @ e 00 R G B &I OGS E S DO S

Regional structure surrcunding
La Joyita Hills ar€a@..cecesecsscsss
Precambrian structural histoIVe.coesa.

¢ o

Tertiary Tault syStEmMS.ceeecrcsessonas

“Map of microseismic events for

1969 in La Joyita Hills a@rea@...esese.
Map of the prospects and mines in

La \Joyita diStIiCt.‘..................

C 37

40

43

54



v

LIST OF PLATES

? - Facing Page

Precambrian complex in the noréhern

part of the Mapped arB8...eesececvosscasasss O
Precambrian complex in the southern

part of the mapped ar€@...cccoeesoesssscsccs Ti
Stratigraphic column of the sediments...In Pocket
Cantact befween the Madera Lime-

stone and the Sandia Formation....seceeveess 12
Abo dipping 40° W, in the northern

part of the mapped ar€a@....ccoececcssassscsss 15
Yeso section: Meseta Blanca Sandétone

at the base; Torres Member in the

middle and Joyita sandstone at the top...... 17

Meseta Blanca Sandstone dipping

45°

(08}

W eeeeooenoeossonssssscassnsossossssseonsa 1
Ripple marks in the Meseta Blanca

SandstonNB..veececevereansssoecssssoccsotssas 20
Cahas Gypsum Member.in the northwestern

part of the mapped aréa...cceeeersescassoass 22
Contact between the Joyita Sandstone

and the Glorieta SandStOnE....eeeeoees..
Rhythmic concentric color layering in

the Glorieta SandStonB...eececscesocsccaooas 23

X1



PLATE

10.

1.,

12,

13 a,

14 a.

15 a.

Contact of the San Andres Limestone
I :
with the Glorieta SandstonB....ceeveeescess
Volcanic flows and ash-flows in the
‘southern part of the mapped are@...coeeeasse

Stratigraphic column of the

27

31

VOl CANIC S evessoasssssscosscasansssasecssinn Pocket

Instrusive rhyolitB.ieeeeeroreocencnceaonnaos

" West Joyita fault: Santa Fe faulted

down against Tertiary volcanics
(qu).ﬁ.....'.0....0....O0.00..B...O...OQvO

East Joyita fault southwest of Ojo

dEl PadreﬁootoiOOOOOOOOOODOQOOCCOOOOU

East Joyita fault: slickensides and
gougé‘on fault surface in Plate 13a
showing possible direction of latest
MOVEMEN .. vesenesoocscosonssnuosoesas

+ @0 0 @ 0

Central Canyon fauit looking northeeeeeoosceo

Small scale distortion in the Joyita
Sandstone adjacent. to the Central
Canyon fault..eeeeoieoseoosoasecssoncsnscons

Small scale distortion in the Joyita
Sandstone adjacent to the Central
Canyon Taulte.ieeeieeosoeseoncoocnccoosnensas

Central Canyon fault looking south: drag

fold in the Torres Member..ceeececoosossees

xii

34

48

48

50

51

51



PLATE

16,

17

18

19

20

- 21

22

23

24

25

26.

27.

28,

29.

Tension fault near the Central

v
Canyon fault..ieeovesosccssoonosesasesscscsaas 52

Photomicrograph of Thb3.i.iieeeieeeoceosocosonsns 63
Photomicrograph of Tab..ieeeereecossnsesooces 63
Photomicrograph of Tg3...eeeiereeoeeonesossos 64
Photomicrograph 6f T15..eeeeeerorcessoorsanas &4

Photomicrograph of T14...iieeeeescersonssessos . 65

Photomicrograph of T13..iiieeereereoceoanccoas 65
Photomicrograph of Tad.eeseeeseesvsoooconsaens 66
Photomicrograph of TrZ....eecececorsscesasoncas 66

Photomicrograph of Ttl..ci.eeieieioenccennnns 67
Photomicrograph of Tald...ieeecerssceccsceccocen 67
Photomicrograph of T12..eeeseesececeosaosonns 68
Photomicrograph of T12.iceeeeececccocvecanecs 68
Photomicrograph of TgZ.ceecececocerscecccanes 69
Photomicrograph of Tgl.eeeseeeoosecscsonsooeas 69
Photomicrograph of Tal.iceeieseeocoaronnacens 70
Photomicrograph of T1lieeeieeeeessesecseansns 70
Photomicrograph of TBZ e s eeeesenneenennnannnns 71
Photomicrograph of L =K P 71
Photomicrograph of Tal..iieeeieeeeeiorsceoonns 72
Geologic structure sectionsof La

Joyita HillSueeeeueooesuaosssneosesseswsln Pocket
Geologic map of the nortﬁern part

of La Joyita Hills.,........?;...;»....In Pocket
Geologic map of La Joyita Hill%..........In’Pocket

|
i

x3iii



INTRODUCTION
Physiography, Location and Accessibility

The name "La Joyita" is derived from the Spanish
word "hoya" meaning arroyo or gully. La Joyita Hills,
"little Arrdyo Hilis," typifies the western half of the
mapped area.

La Joyita Hills (Figure 1) are 15 air miles north-

geast of Socorro and adjacent to the east bank of the Rio
Grande. The hills are bounded by the coordinates 34%12'02"
and 3418130" north latitude, and 106°52'30" and 106745"
west longitude, and lie along the southerﬁ perimeter of the
Sevilleta Land Grant. The mapped area is 3 miles east of
Interstate Highway 25 and 8 miles south of N; M. State High-
way 60 along N. M, State Highway 47. |

The northern end of La Joyita Hills is accessible
by travelling south on N. M. State Highway 47 until it ends
at the town of La Joya. From there either of two dirt |
roads can be followed south 3 miles to La Joyita Hills. On
the west, the principal roads are maintained by La Joya
Game Refuée and are accessible with conventional vehicles.
However, the relief and the ruggedness of the terrain lend

themselves to four-wheel drive vehicles and a considerable
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part of the area can be reached only on foot, During the
late 1956'5y fluorite prospectors built roads into the
central part of the mapped area. "These roads, although
clearly marked on the topographic sheets, are completely
washed out. For the most part, the area can be reachsad

at any time of the year'with the exception of shorﬁ #eriods
of heavy rain or snow.

The. mapped area is eslongate, frends northeast-
southwest, and is about T+ miles long, covering an area
of 60 square miles. The maximum elevation in the area is
5,300 ft and the minimum elevation is 4,700 ft with the
averagé relief being no more than 250 ft. The western
: part of the area is dissected by gullies which drain
directly into the Rio trande. On the east and south, the
topography is less rugged and not as notably dissected.
The dgrainage in the east central part of the mapped area
is to the south, draining through Rosa de Grande Arroyo or
Arroyo Alamillo into the Rio Grande. Thé drainages on the
south and east merge and follow Arroyo Alamillo into the
Rio Grande. The drainages on the west flow through Central,
Coal Mine, and Colorado canyons.

The fauna and flora of the area reflect typical
aesert'environment. Reptiles are abundant, lizards being
preédominant along with a fewér number of snakes. Other
animals that are present are jack iabbit,’cottontail,

ground squirrel, deer, badger, antelope, coyote, and several



types of predatory and scavenger birds. The principal
flora are creosote bush (Covillea glutinosa), mesquite
(Prosopis), chollés, prickly pear,”and barrel éacti, Also,
there are severél different varieties of grasses and wild
flowers. . In the arroyoc bottoms, juniper trees, salt cedar,
and other phreatophytes are present. The fauna and fldra
would be classified according to Merriam's Life Zoné Con-
cept (Baily, 1913), as Lower to Upper Sonoran.

| The climate is semi-arid with temperatures ranging
from 100°%F in the day during the summer to 0°F at night in
_the winter. The area is subject to strong winds in spring
and frequent summer thundershowers; rainfall is usually

less than: 8 inches per year.

Methods of Invastigation

Field work was carried out from January to June
1970.. Mapping was done on 1:24,000 topographic sheets
in conjunction with 1:28,000 aerial photograephs. Detailed
mapping'was done on T¥-minute quadrangle shéets enlarged
fo‘1:8,00D;' Sections were measured using a Jacob staff,
and clast sizes were recorded using Wentworth's classifica-
tion (1922). Igneous rocks were named accordifng to Streck-
eisen's classification (1967); and plagioclase determina-
tions were made using the A-normal method and using Tobi's

(1963) high temperature curves for anorthite composition.



Previous Investigations

Two 0il and Gas Maps have been published on this
area, both under the supervision of Wilpolt (1946, 1951).
The northern half o% the area was mapped in 1946. The
second map was published by Wilpolt and others in 1951.
Both of these maps are on a ascaleﬁof 1:63,360., Prelim=-
inary work was done on the Pennsylvania sections by
Kottlowski (1960).

Herber (1963) mapped the Precémbrian on a scale of
1:15,000 for his master'’s thesis at New Mexicoc Institute
of Mining and Technology. Kottlowskiiand Stewart (1970)
investigated and mapped the Pennsylvaéian section in detail.
Huber (1961) described the sedimentarg petfogenesisvof the
Permian section for a master 's thesis %t the University of

{
New Mexico, ‘
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ROCK UNITS
General Statement

The rock units in this report range widely in com-
position and lithologic character. Ages from Precambrian
to Recent are represented, and rock types range from
metamorphic through volecanic (intrusive) and to sedimentary.

' The Precambrian is composed primarily of gneiss.,

Precambrian rocks are overlain by a sedimentary seguence
from Pennsylvanian to Eocene abdut 2175 Tt thick; the
Tertiary volcanic seguence is 3070 ft thick, and the over-
lying Saﬁta Fe is of unknown thickness. The Pennsylvanién
formations are mostly carbonates and shales of marine origin.
The Permian rocks are transitional between marine and ter-
restrial, and the Triassic are of terrestriai origin. The
Cretaceous is transitional, and the Tertiary is composed

of clastics mixed with vaolcanics.

Precambrian

" The Precambrian rocks were mapped by Herber (1963)
as metamorphosed arenaceous, impure clacareous, or basic
volcanic sediments (Plate 1).

The Precambrian exposure is bounded on the east
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Plate 1: Precambrian complex in the northern part of
the mapped area.







by the East Joyita Fault and Tertiaryivolcanic;; on the
west by the Madera and Sandia Formations; on the north by
an east-west-trending fault; and on the south by cverlying
Santa Fe Group.

The Precambrian is divided into 2 map units: (1)
quartz-potash feldspar gneiss and (2) quartz-potash feldspar-
bictite gneiss.‘ Other rocks that are present, but not map-
pable on the scale used, are amphibolite schist, aplite,
and epidosite. Fault~zgnes are delineated by gquartz-potash
feidspar schist and quartz-potash feldspar-bictite schist
developéd within the gneissic units.

The contact between the quartz-potash feldspar
gneiss and the quartz-~potash feldspar-biotite gneiss is
gradational. The terrane of the quartz-potash feldspear
gneiss is charac{erized by low hills with‘little'reliefy
and with west-draining arroyos. Unlike the quartz-potash
feldspar gneiss, the quartz-potash feldspar—biotite gneiss
presents a rugged terrane with a sharp, west-cutting
drainage pattern, and relief up to 200 ft.

Foliation is the most obvious rock fabric feature
associated with the Precambrian complex. Lineation a%d

jointing are developed on a smaller scale.

Pennsylvanian System

The Pennsylvanian System was mapped and described



by Kottlowski and Stewart (1970). The Pennsylvanian con-
sists of the Sandia and the Madera Formations, which are

a maximum of 416 ft thick. For a’complete description

and discussion of the Pennsylvanian section, see Kottlowski

and Stawért (1970).

Sandia Formation

-

The Sandia Formation was first described by Herrick
(1900) for rocks in the Sandia, Manzano, and San Andres
Mountains. |

The Sandia Formation, 110 to 160 ft thick, consists
of lighf—gfay to brown quartzite overlain by argillaceous,
. fossiliferocus limestone and dark-gray to black shale.
There are some thin lenses of bone coal present in the
shale, The basal contact is ncnconforméble with the Pre-
cambrian and the upper contact with the Madera is conform-
able to erosionally unconformable. The Sandia is slope-~
forming under cliffs of Madera Limestone., See Stratigraphic

Column of the.Sediments .for details (Plate 2).

Madera Limestone

The Madera Limestone was named for rocks in the
Sandia Mountains by Keyes (1903) (Plate 3).
| The Madera'Limestone consists of cherty, blocky,
" well bedded, fossiliferous, cuesta- and cliff-forming

limestone, up to 250 ft thick., The upper contact with

10



Plate 1b: Precambrian complex in the southern part of
the mapped area. View looking south near
Rosa de (Castillo arroyo. :

1






2273 —~

N
- P44
21413 '

STRATIGRAPHILC COLUMN OF TJE SEDIMENTS

Plate 2

i : 1 iary aliuvial mass, no.
Formations 60 ft thick, Tertiary a .
Egifanics, 45% San Andres Limestone and 50% Dockum Group.

Dockum Group: 70 f+ thick, a maroom, cross-bedded, imature

(both texturally and compositionally), sandstgne wi;h some
lenses of clay (fresh feldspar and quartz). Sand size

is fine ta coarse.

San Andres Limestcne: N
massiveliy bedded limestone, ligrt tray, some silt, 30 ft thick.

i ;1 ine~-grained
karst culapse features, light grey, massive, fine-gr

limEStonﬂf A? fﬁ }iéﬁkf“ TSRS » £ GRS S P R B R
:Ifiigh%_ﬁrag,'finn?ﬁrliﬂﬁd 11@#‘?@“?5:ihi#%;?b?§d§§7£gggsi%},q

-

than 3 ft thick), 30 ft thieke .
karst features, 20 ft thick.

light gray, thinly bedded limestone (beds 10 ft thick) 15 ft.

~ : er 1C ft
massive fossilifercus, light gray llmes?unEf(b?QT ?uththB
thick) fossils are mainly recalcified microfossils; te

b i A

[
L

v
LH

1125

785 [

.Géarigta'ﬁgﬁgstggg:' e S L T = .u;' :SFE?.ﬁ

conedr e ML OB

Towidte, vellee wrd LGl o iakadde | ey

Precambrian: quartz —potassiun feldspar gneiss

texture is thet of a spenga, 30 Tt thiek, - v UL e
& - . ] _._'\ =g 4 ' wil ¥

% FEL S T & . - T i f o Bt 2 Py,

TEb e LUsdue®, Tyu - 4R8 yiay 6iailskune aisd yIgy %*?a&;gﬁﬁiqﬁj R

EBigzk, fasrv=forminc wvell-bedaecq, “ine-~grained, weli-

¥
silicified, sandsture, 30 ft thick

red ard purple. mudstone and very fine-grained sandstone,
18 ft thick, and slope-forming.

locky, well bedceed, fine-graineg, cuartz sandstone, 15 €t thicke
Yesc firmation, Jovita Sandstonus
rbytnmic concentric color sayeing

e
5 Tinp-graired, quartz
_q_—;_r--lll—_nr\p. Qi £ s

red, purple and yellow mudstone, il ft b E el

f2d mudstone grading up into red TO ink Yaine sargatone
with a little hematite staining, 8C ft thick.

rec l.imy mudstone with some zones better indurated *ran otlrers,
45 ft rhick,

Torres Members ti1zge~forming, qrey, tandy, limestone, 10 frt.
~Hiips ember )

interbedded red and yellow siltstone and gray lirast ine,

a4t FLoteici:,

wandy, coarse-greined, yray, very thinly becded(less than
1 in) limestone, J0 ft thice,

Ir'ed mudstone . it . i

{ ot acien (20 N P SO
white o Ty limy mud<iane ThiEFETTALE 42T® Jray Tl7eevdfa, “
25 ft thick. >

rYea mudstone, 0 F+ thick,

yelilow siltstene 15 f+ thick.

gIsy limestone -with some gray siltstcne, 10 ft trich,
white siltstaons, 10 b thock.

vellew cross-brdsed mudsteore an o Faltative, KBS fr thaicw,
red mudstore, 3% f4 thick.

1
gray to green silt; limestonaz S €+ srieg.

red and yellow mudstone anc siltstore 65 Ft thi-k.

cliff—fsrming, limy, JreEnisn-gray Clavstone, 10! ft tnicw.,

Meseta Slanca Sandstone:

Jjointing

white, very fine sancstone a-d siiltstone, with cyface
coating of nematite, distinctly cross-pedded, 210 fi
thick,

white to grey very Tine sardstona and siltstane, slightly
calzarious, crossbedded, 40 ft thick, '

Pinkish-yelisw, ripole marked, slope-forming siltstone,
30 ft thick.

interbedded, red and yellow filtstone ‘and fmudstone, 50
t thick, :

Abo Fermation:

red mudstone 30 ft thick.

interbedded siltstone, mudstone and arkose, red i
: N in coko
55 ft thick. : .

red interbedded siltstone ang Mudstone, 25 ft thick.

red, slignhtly calcarious crale, 15 ft thick.
interbedded (beds § ft thick), red siltstone wj
: thic s s 1th some pebble,
and red mudstone, 10 ft thick. .
red mudstone witn some Calcite veining, 20 ft thick.
mfssive1 white, yellow and purnle, Cinss-bedded siltstoﬁe
20 ft thick. '
red mugstcre with some ealcite inclusions 15 f¢ thick,
red, ridge~rmrm1nq. siltstone, § ft thick.
rgq, mud§tone with some calcite inclusicns, 15 ft thick.
white, ridge furming_cross-bedded siltstone, 5 ft thnick.

Ted calcaricus mudstone, 25 fit thick.

light pirk to white, cross-bedded siltstone, ridge-f i
] : . =tormin
25 ft thick, ' : e

Ted, cross-bedded ;alcarious. interbedded siltstone ang
mudstone, 80 ft thick.

Tyt

Lursum forma*ior: Ieduish-brown, angular quartz-copbLle
e o Y apane . .

a.kosf, #1°5 a basal, lignt green, crinoidal, limestone-

Isiu.e congiumerate, 30 fi thick.

Madera Limestone: (s€r Kottlowski ~nd Stewart, 1970y
-~ ‘_”r‘ - = . _ o - “" B s
Lﬂa% LY ANYED mweetiin for complete stratigrapnic
@ita.ysis] 250 ft tnick. :

Sandia Formations (see Kattlowski arg Stewart, 1970;
foer comulete stratigraphic analysis) 160 f¢ Thick.

-ﬁgﬂ*, JMQ%Qﬁ.gaghﬁ“T__qm




Plate 3:

Contact between the Maders Limestone and
the Sandia Formation. View northeast
between Canaoncito Colorado and Central
Canyon.
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the Bursum is an erosional unconformity. See Siratigraphic
Column of the Sediments for details (Plate 2).

Permian System

fhe Permian System; 1635 ¥t thick, is represented
by five formations: the Bursum Formation, the Abo Forma-
tion, the Yeso Formation,vﬁhe Glorieta Sandstone, and the
San.Andres Limestone. These units include sesdiments con-
taining arkose, mudstone, shale, siltstone, sandstone,

and limestone.

Bursum Formation

The Bursum Formation was named by Wilpolt and
other (1946) for rocks in Socorro County, New Mexico. The
Bursum was mapped and described in detail by Kottlowski

and Stewart (1970).
. The Bursum Formation, 30 ft thick, is a reddish-
brown, angular, guartz-cobble arkose, with a basal, light-
green, crinoidal, limestone-granule conglomerate. The
contact between the Bursum and underlying Madera Limestone
is unconformable. Much of the sediment in the Bursum was
derived from the Madera Formation, the Sandia Faormation,
and the Precambrian., The upper contact is gradational with
the Abo Formation., The upper arkose in the Bursum is used

as the contact bhetween the Abo Formation and the Bursum

13



o

Formation. The Bursum forms small ridges and arroyos.

See Stratigraphic Column of the Sediments for details

A4
.

{(Plate 2).

Abo Faormation

The Abo Formation was described by Lee and Girty
(1909) with the type locality 2 miles west-northwest of
the village of Abo, New Mexico. |

The Abo Formation is a series gf dark red, inter-
bedded siltstones, mudstones, and shales, which is 345 f%
thick (Plate 4&). It conforﬁably overlies the Bursum Forma-
tion and is overlain gradationally andftransgressionally
by the Meseta Blanca Member of the Yeso Formation.

The basal contact with the'Burgum.is sharp and
is marked by a_greahish—red, calcite-cgmented, pebﬁle
arkose at the top of the Bursum.\ The ﬁontact of the Abo
with the overlying Yeso Formation is marked by an upward
change to sandstone or mudstone which contains no fresh -
feldspar and by a color change from dark red to pink or
vellow. Throughout the Abo Foimatian, the siltstones form
ridges énd cuestas_and the shales and mudstones form slopes
and strike valleys. The siltstone exhibits much cross-
bedding and a few ripple margs. The mudstone and shale
in the Abo have a tendency to deflect faults parallel to
the strike of bedding and to deform plastically. See

Stratigraphic Column of the Sediments for details (Plate 2).
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Plate 4a: Abo dipping 40° W. in the northern part of
the mapped area. Photograph shows Bursum
and Yeso contacts with the Abo. View looking
south along the Cafada Ancha.
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Yeso Formation

The Yeso Formation was mapped and described by Lee
and Girty (1909). They chose Mesa del Yeso,-which is
located in the scutheast corner of the mapped area, as the
type locality.

The Yeso consisﬁs of four members, three of which
are mappable throughout the area, and the fourth, although
it is present in the central and southern part, is not
mappable on the present scale (Plate 4b). The lowest mem-
ber in the Yeso, the Meseta Blanca Member, overlies and is
in gradational contact with the Abo,.and is overlain by
the Torres Member. The Torres Member is overlain by thé Cafas
Gypsum Member in part of the area and elsewhere the Torres
is overlain by the Joyita Sandstone MembeF¢ The Yeso forma-
tion 1is transgreséionally and gradétiénaliy overlain by the

i

Glorieta Sandstone.

Meseta Blanca Sandstone Mémber

The Meseta Blanca Sandstone Mémber of the Yeso
Formation was named by Wood and Northfop»(l946) for sand-
étone near San Ysidro, New Mexicq. ;

The Meseta Blanca Sandstone, 340 ft thick, is pink,
yellow, and white (weathered), cli?f—fand ridge-forming

siltstone and very fine-grained sandstone, with a minor

mudstone at the base (Plate 5Sa). Distinctive features which

16



Plate 4b:

Yeso section:  Meseta Blanca Sandstone at the
base, Torres Member in the middle and Joyita
Sandstone at the top. View looking west, the
Ladron Mts. in the background, between Central
Canyon and Cahoncito Colorado,. '
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Plate 5a: Meseta Blanca Sandstone dipping 45° W. View .
looking south along Cafiada Ancha.
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are found throughout the Meseta Blanca are ripﬁie marks

and cross-bedding (Plate 5b). It transgressionally and
conformably overlies the Abo Formation. The base of the
Meseta Blanca is defined as those mudstones or siltstones
wﬁich do not - contain fresh feldspar. Other characteristicé
of the basal Meseta Blanca are the upward changes from dark
red to pink and yellow and the absence of mudstone. The
upper contact is below the first limy, cliff-forming mud=-
stone that occurs upward in the section. See the Strati-
graphic Column of the Sediments for a complete daécripfion

(Plate 2).

Torres Member

The Torres Member of the Yeso Formation was described
by Wilpolt and others (1946) for rocks occurring 2 miles
gast QF the mapped area.

The Torres Member contains interbedded, red and
buff siltstone and cléystona; gypsiferous siltstone; and
gray, ridge-forming limestone., Siltstone is more abundant
at the base and limestone is predominant at the top, with
limestone forming ridges and siltstone forming arroyos.
The basal contact is sharp and conformable with the under-
lying Meseta Blanca Sandstone‘Member. The upper contact
with the CaRfas Gypsum Member is not well defined, but
occurs below the gypsiferous siltstone. In the northern

part of the mapped area the Joyita Sandstone Member lies
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Plate 5b: Ripple marks in the Meseta Blanca Sandstone.

'
ol
i
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disconformably on the Torres Member. The uppf€rmost lime-~
stone in the Torres is the contact between the Torres and
the Joyita Sandstone., ©See the Stratigraphic Column of the

Sediments for a complete description (Plate 2).

Cahas Gypsum Member

The Cahas Gypsum Member was described by Needham
and Bates (1943) near Mesa del Yeso, 2 miles southeast of
the southeast corner of the mapped area. It is absent in
the northern part of the mapped area>where tHe Joyita
Sandstone Member directly overlies the Torres Member.

The Canas Gypsum Member at its type locality is
155 ft of gypsum, but in the central part of the mapped
area the Cafias occurs as white, gypsiferous, slope-forming,
‘bedded (less than 6" thick),vsiltstone, not more than 5-10
ft thick (Plate 6). The basal contact is placed above the
uppermost limestone of the Térres Member and the upper con-
tact is placed below thé lowest red mudstone in the Joyita

Sandstone Member.

Jovita Sandstone Member

The Joyita Sandstone Member was named by Needham
and Bates (1943) and designated as the upper member of the
Yeso Formation. The type locality isjin La Joyita Hills,

Socorro County, New Mexico, 3 miles southeast of the mapped

area.
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Plate 6:

Cafas Gypsum Member in the, northwestern part

of the mapped area. Contacts are shown between
the Caffas and the Joyita. View looking west

in Central Canyan. ' :
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Bright red mudstones iﬁterbedded with sandstone
characterize the Joyita Sandstone throughout\the area.
It is underlain in the northern part of the mapped ares
by the Torres Member and is underlain.by a thin remnant
ﬁf the Cafas Gypsum Member in the central part of the
mapped area. The Joyita Sandstone, 190 ft thick, is tran-
sitionally and gradationally overlain by the Glorieta
Sandstone,

The basal part of the Joyita Sandstone Member is
45 ft of red, limy mudstone. This red mudstone grades
upward into pink, fine~grained sandstone through an inter-
val of B0 ft. Above is fine-grained, érossbedded9 cliff~
forming sandstone 653 ft thick., At the base of the Glorieta
is a blocky, silicified, cliff-forming sandstone separating
the Glorieta from the Joyita Sandstone, ‘Sea Stratigraphic
Column of the Sediments for more complete description

(Plate 2).

Glorieta Sandstone

The Glorieta Sandstone was named by Keyes (1915)
for a section at Glorieta Mesa, bSan Miguel County, New
Mexico., Wilpolt and others (1946) and Wilpolt and others
{1951) mapped it as the lower member of the San Andres
Formation., However, the New Mexicoc Buresau of Mines and
Mineral Resources recognizes the Glorieta Sandsione as =a

separate formation (Jicha and Balk, 1958).
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The Glorieta Sandstone is a ﬁassive, cliff-forming,
partially silicified, white to buff sandstone, 123 ft thick.
It gradationally and transgressionélly overlies the Joyita
Sandstone Member of the Yeso Formation (Plate 7a). The
base of the Glorieta is placed above the highest red mud-
stone of the Joyita Sandstone Member. The upper contact
between the Glorieta Sandstone and the San Andres Limestone
is sharp, although there are some "lenticular Glorieta-like
sandstones”" (Wilpolt ana otheré, 1946), which represent a
transitional phase in the lower San Andres Limestone.

The Glorieta has three informal members, in ascending
order: (1) a slightly silicified, mineralbgically pure, but
texturally immature, cross~bedded quartz sandstone 15 ft
thick; (2) 18 ft of Joyita Sandstone-like red and purple
mudstone and very fine-grained cross-ﬁedded sandstone; and
(3) 90 ft of blocky, cliff-forming, wéll~beddad, silicified,
fine-grained sandstone. The upper meﬁbsr éontains local
calor banding and some rhythmic conceﬁtric color layering
(Plate 7b) which are associated with éoethite. Most of the
sandstone contains ahgular quartz witﬁ a few grainé of fresh
biotite. See the Stratigraphic Columﬁ of the Sediments for

|
|

' detail (Plate 2). |

i

San Andres Limestone

The San Andres Limestone was named by Lee and Girty
(1909) for limestone in the San Andres Mountains. Wilpolt and

others (1946) and Wilpolt and others (1951) mapped it as
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Plate Ta: Contact between the Joyita Sandstone and the
' Glorieta Sandstone. View looking west in
Central Canyon.

Plate 7b: Rhythmic concentric color layering in the

Glorieta Sandstone. View looking west in
Central Canyaon.
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the middle member of the San Andres Fo@mation. The New
Mexico Bureau of Mines and Mineral Re;ources suggests that
it is a separate formation (Jicha~;nd?8alk, 1958).

The San Andres Limestone 1is a%massive, cliff-
forming, silty, light-gray limestoha which is 235 ft thick,
The San Andres conformably overlies tﬁe Glorieta Sandstone
(Plate 8) and is gnccnformably‘cverlain by the Triassic
Dockum Group. The base of the San Andres contains "lentic-
ular Glorieta-like sandstones® (Wilpoit and others, 1946),

The San Andres is characterized by moderatel
well developed karst features. It is notably lacking in
megafossils, but there are a few brachiopod, pelecypod,
gastropod, crinoid, and scaphopod fragments present (Huberzx,
1961), Microfossils are present, but not{easily identifiable
due to recementation. Most of the formation is cliff-forming
with a notable exception at the top which is a silty lime-
stone weathering to low, rolling hillé. See the Strati-

graphic Column for a complete descripﬁicn (Plate 2).

Triassic System

The Triassic System 1is only ldcally present in
the mapped area, It is confined to the Dockum Group of

laste Triassic age which is only 70 ft thick.

Dockum Group

The part of the Dockum Group in this area is best

26



Plate 8: Contact of the San Andres Limestone with the
' Glorieta Sandstone. View looking west in
Central Canyan.
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correlated with the Santa Rosa Format?on» The Santa Rosa
Formation was first described by Hage; and Robitaille (1919)
lin eastern New Mexico. Wilpolt and o%hers (1946) reported
the Triassic in the mapped area as Dockum.

The Dockum Group is marocon, é%oss-bedded,.immature
(both compositionally and texturaliy)ésandstone, which
is 70 ft thick."It is uﬁﬁonformably bverlain by the Baca
Formation.

The basal contact between the Dockum and the San
Andres is sharp. This is based more on the coior,of the
Dockum tham™. on the weathering charac%eristics of either
foimation.’ The Dockum Group forms low nonresistant hil;s
and is easily eroded., See the Stratigraphic Columh of the

Sediments ‘for a complete description (Plate 2).

Cretaceous System

The Cretaceous System consists of the Méﬁcos
Shale. Wilpolt and others (1946) also include the Mesa
Verde Formation, but bgcausaiof'lack of evidence for the
pressnce of this formaticon, it was ma;ped as Mancog~—-

Mesa Verde undifferentiated.

Mancog-Mesgsa Verde Undifferentiated

The Mancos-Mesa Verde undifferentiated occurs only

in the eastern part of the mapped areé, and consists of
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buff to black shale and buff to brown sandstoné and silt-
stone up to 700 ft thick, Most of it forms a flat surface,
but there are a few outcrops which'forh resistant, isolated
" cuestas. The upper contact between the Mancos-Mesa Verde
iundifferentiated and the overlying Baca is an erosional

unconformity.

Tertiary System

The Tertiary System is composed of four mappable
rock units: (1) the Baca Formation, which is a non-
volcanic conglomerate; (2) Extrusive Rocks, which cohsist
of ash- and lava-flows, and air-fall and water-laid tuffs;
-(3).the Santa Fe Group, which is a series of volcanic and
sedimentary mud-flows and conglomerates; and (4) acidic
and bésic intrusive rocks. Tertiary rocks comprise more
than 50 per cent of all rocks mapped and have been eroded

from the west-central part of the mapped area.

Baca Formation

The Baca Formation was first described by'Wilpolt
and others (1946) as a coarse conglomerate in Baca Canyon
near Bear Mountain in Soccorro County, New Mexico.

The Baca Formation, 60 ft thick, is a coarse can-
glomerate composed of unsorted, boulder—éize rocks derived
from all earlier fbrmations, but dominately San Andres

Formation and Dockum Group. The basal contact is sharp and
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disconformable and it is unconformably%overlaiﬁ.by Tertiary
extrusive rocks. Topographically, the Baca Formation is
reﬁresented by low hills, and is orly slightly indurated,
allowing it to be rapidly eroded. Its exposures are only
locally present and are noﬁ conspicucus. See the Strati-

graphic Column of the:Sediments for detail (Plate 2).

Extrusive Rocks

The extrusive rocks wefe mappeﬂ by Wilpolt and
others (1946) as undifferentiated Datil Formation. One
of the key problems of the area was to map and to define
the stratigraphy of and structure within these extrusions.

- The unifs are a series of ash-flows, water-laid
tuffs and flows, divided into 22 map units totaling more
fhan 3070 ft in thickness. They are the bradominant rock
unite in the southern and eastern part of the 'map area
(Plate 9). The composition ranges from basalt to rhyolite,
with rocks of intermediate composition, such as quartz-
latite and andesite (AnZS—AHSD) most abundant.

The  terrane of the volcanics is variable, but pre-
déctable. The acidic;extrusives tend to be cliff—forming;
the andesites and basalts are ridge— and slope4forming;
and the water-laid tuffs and air-fall tuffs are arroyo-
forming where they are‘unconsolidatad, and ridge-forming
where'they are well indurated. The andesites have the most

variable terrans of the extrusives, which may be dues to

the heterogeneity of thé texture.
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Plate 9: Volcanic flows and ash~flows in the southern
part of the mapped area. ' View looking south,
Rosa de Castillo Arroyo in the foreground.
The ash-flows and flows shown in ascending
order are: andesite flow Ta3d, Trachyte ash
flow Tt1, rhyolite ash-flow Tr2, and andesite
" flow Ta4. . ‘
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Str;tiéxaphic Column of the Volcanics

Plate 10

Tbh3: basalt flow, scoriaceous texture, b;ownish-black
{(fresh), weathers brown, undetermined thlckness!
crops cut locally. Lower contact covered. Plagioclase

{An U)' no upper cuntact.axpoaad. prqbé?%y in contact
witg tne Santa fFe Formation.(see Platie v

TaS: andesite flow, scoriaceous texture, black
(fresh), weathers brown, calcite filling vugs, i ;
trachytic texture, holocrystalline, Plagioclase Mgl
ulivine with.reaction rims. Terrane: low hills.
Thickness: 230 ft, may be incomplete, outcrop
expressed as float (see Plate 23).

Ted: gquartz-latite ash flow, light gray, §i1g2tly
welded, some calcite replacemen;. seme pumice *rag-
ments up ta 2 cm in diameter._ Hypocrygtall%ne, vitro-
phyric, ridge- and slope~forming, 130 ftt thick,
Plagioclase (Anjy) (see Plate 24).

_1153 latite asn flow, many basaliti fraeme;}g (see
Tad), flew texture, iight brown, hypacrystalline,
'péfﬁg§r1tic. slepe-forming, 130 €+ thick (see Plate 24).

Tlds latite vitrophyre, lava flnw,.black, porphyritic,
slope- and arroye-forming, 10 ft thick, thiﬂs_tQ the
south, some pasalt fragments (Ta4), celumnar joints :
Heveloped-on a small. scale (.i cm in diambter), breaks
easily aleong the celumnar jaxqta (seé qute‘ZSJ.

‘T13: latite ash-flow, densely welded, glass nhards.
orphyritic, strong lineatign, light brown, pumice
“graZﬁints.;ith some flattening, 25 ft t@ick, upper
contact is sharp, bgsal contact grades intoc an air-
fall tuff, plagioclase (Anznl (see Plate 25).

' i s rtz-latite in
Air-fall and water-laid tuff: gquartz :
compositioen; mueh randomly deposited pumice fragments,
some displaying flattening and lineatioen; plagioclase
(Anlgi;'arrayu-fnrming; light' buff, and 15 ft thick.

Tad: a series of andesite flows and fluw breccias;
slgpe- and ridge-forming; brownish-black (unweathered),
dark gray, dark brewn, and dark red (weathered);
scoriacecus texture, calcite fills vugs; plagioclase
{Anﬂs); trachytic texture, 390 ft thick (see Plate 26).

S

rhyolite ash flow; brown (unweathered), dark

red (weathered); Plagioclase (An

and lineation of pumice fragments,
hyalopilitic;
zane 5 ft thick;
(see Plate 26).

20350 unwelded zone

some basaltic

);
rock fragments (Tald); :rystal-rigg, strong flowage

hypocrystalline,

contact at base occurs at an unwelded
unit is 90 ft thick; ridge-forming

.

Ttls

trachyte ash flow, crystal poor,

strongly

welded,

lineation due to collapsed pumice fragments;

70 ft thick; dark bluish-gray (weathered), tan
(unweathered); cliff-farming; rlagioclase (Anl7);
some Tal fragments (see Plate 27).

1980

Tald: a series of andesite flows containing flow breccias;
many geodes of chalcedony and quartz; unit thins
markedly and pinches out to the south; slope=forming;
245 ft thick; pilotaxitic texture; grayiah—bxg¥p
(weathered and unweathered), (plagioclase (&q45'

(see Plate 27). -

1735

Twb: water-laid tuff;
valley-forming;
gradational;

white; crystal-poor; pumiceous;
85 ft thick; basal centact is
pinches out to the sauth.

1650 Tl12: latite ash flow; slightly welded;

(unweathered), gray (weathered);
and flattened pumice fragments;
clase (An,.) and some replace ment plagioclase (Ango)s
45 ft thi@ﬁ; cliff- and ridge-furming (see Plate 2B).

wWater-laid tuff: light pink; arroyo-forming; mostly
pumice fragments; 15 ft thick.

pink to gray
lineation of weathered

crystal-poor; plagio-

1605

1590

Trl: rhyeolite-trachyte ash flow; welded; light gray
te light pink; relatively crystal-poor; ridge-ferming,
but also forms talus slopes; Plaginclase-(ﬂnzﬁ);

nlame chards "reeent: 115 f¢ thick..

1475

Tyﬁ: ~water-laid tuff; valley-forming; light buff to
~light gray; moestly pumice with fresh sanidine,
quartz, and biotite; 145 ft thick,

1350 Tqd: quartz-latite ash flow;

of all the flows--occurs throug
welded; 25 f¢t thick in the sou
thick in the northwest;
feature is not

mest widely distributed
hout the area; moderately
th and up teo 970 D -
cliff—farming, although this

! we%l developed in some places due to

the overlying, c%;ff-fnrming water-laid tuff; gray to
dark gray; Plagioclase (An,-); glass shards; sectioen

s measured in the south (see &Iata 29).

Twds water-laid tuff; rhyolitic in com
dqwnward into Tql; cliff—farming;
light buff (weathered);

pesition, grades

light gray (unweathered),
well bedded; 90 ft thick, '

1215

Tgl: quartz-latite ashflow;

brown (weathnred).‘light brown (unweath ] i
ered); plagio-

clase ;&n g?: knobb y terrane; 95 f¢ thick; hiagky?l

good lineafion due to flattened pumice fragments

ridge-forming; reddish-
{see Plate 29).

1120

Water-laid tuff: 30 f¢ thick; rhyelitie 1 o
grades inte Tql; ' P Thyelitic in composition;

. slepe forming; light pink.
1050 : FdanE o

Ta2: andesite flow cent
its perimeter; black

or ;ad wea?herad, eépecially in flow breccias;
Maximum thickness: 100 ft; plagioclase (AR

)
much secondary quartz in nadules ilotaxi .
texture (see Plate ig). r P ax;t§2

aining some

flow breccias an
(unweathered), o

ark gray, brown,

390

Tlls latite ash flow; 15 ft thick; crystal- o

rngk fragments present (Tal?); 'uhiurnzal; rzzi:iant'
slightly welded glass shards; plagioclase (An,.); '
some flow structure; thins to the gauth;'nutc%gp;
Poor, often covered by float from Ta2 (see Plate 30).

975

with feldspar slightly rounded, and biotite with
bronze coeler; underlain by ah'unsarted. una:3§:§?'
water-laid tuff; thickness 35 ft; cliff-forming,

¥ |
deccd

940

53

:
; -
e

—

Tw2: water-laid tuff;
well consolidated;

220 ft thick; light buff; nat
forming.

fine-grained; Pumiceous; valley-

%
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=
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Tez: basalt-por
forming; large
to green clay;
Wﬂathﬂtg_
(see Plg

Phyry flow;

Plagioclase p
ad Forphyritic

- Unweath

). ered);

215 ft thick;

hanecrystl. some :
alter
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An extrusive andesite map unit usQally consists
of a series of individual flows, marked by flow breccias
at the basal and upper contact as well as at the distal
ends of the flow, Recognizing and mapping individuai
flows within these units is difficult because of float
covering the contacts. |

quy of the ash-flows contain lithic fragmehts of
lower andesite Qniﬁs. Usually, the lithic fragments can
be idéntified as to the unét from which they were defivad

by the mineralogy of the fragments.

| The complete sequence éf deposition of the extru-
sives is shown in the "5£ratigraphic Column of Volcanics"
(Plate 10). For modai analyses and photomicrographs of
extrusive rocks refer to Table 2 and photomicrographs in

the appendix,

Santa Fe Group

The Santa Fe Group was first described by Hayden
(1869) as marls and conglomer?tes in the Rioc Grande trough
aroundrSanta Fe, New Mexico.
| The Santa Fe Group in the mapped area is a series
of conglomerates and volcanic mud-flows. Most of the
formation is well cemented and forms ledges and caves along
its border in the northern part of the mapped area. The
Santa Fe dips 5° to the west throughout the area and is

angularly unconformable on the Precambrian, Pennylvanian,
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Permian, Triassic, and Tertiary rocks. Its topographic
expression is that of low, rolling hills dissected by west

draining arroyos. S

Intrusive Rocks

Intrusive rdcks i the mapped area were included
by Wilpolt and others (1946) with the Datil Formation or
Quaternary Basalts. These infrusives are mapped and dis-
tinguished according to the rock type. These rocks are
post-Santa Fe as they intrude the Santa Fe and older rocks,

Intrusives are mainly éndesites (Anzz—And3), but
there are a few basalts (An55~An60) and a few rhyoclites in
the northern part of the area (Plate 11). The andesites
form dikes in fault zones along with small intrusives not
more than 100 yd in diameter. Rhyolite %orms small intru-
sions along the east fault contact beﬁween the Precambrian
and the volcanics. Also, rhyolite forms very small stocks
along fault zones in the northern par% of the area. These
rhyolite intrusions do not appear to ge feeders to the
extrusives because of their limited e%tent and their com-
position. .

The rhyolite intrusions exhibit flow banding which
controls the foliation; ﬁo glass sharés are present. There
are flattened gas bubbles in some of the stocks. The rocks
are cliff-forming and there are some columnar joints.

"For modal analyses of the int%usive rocks,'see

Table 2 in the appendix.
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Plate 11:

Intrusive rhyolite., Note the flow-banding
which controls the foliation., View looking
north, 1 mile east of the northern end of
the Precambrian complex in Cafada Ancha.
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Quaternary System -

Quaternary deposits occur exténsively throughout
"the eastern part of the mapped are;. ?They are flat-lying
deposits of red to yellow sand, gravel and mud, which are
loosely céhsolidated; they constitute basin fill in the
Valle del 0jo de la Parida and the Valle de ls Joya. These
deposits were derived fromva combination of the Santa fFe
Group sediments on the north, Tertiary volecanics on the
west, and Permian sediments on éhe eaét.

Recent stream channels contain alluvium composed of

reworked Tertiary and Quaternary sediments, and are mapped

where extensive.
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STRUCTURE
Regional Setting

La Joyita Hills is situated in the Mexican Highland
- ‘Section of the Basin and Range Province (Fenneman, 1931),
a province characterized by "disordered fault-block rangss
with graben-like troughs“ (Thornbury, 1967). La Joyita
Hills (Figure 2), as used in this report, is structurally
bounded by the Albuquerque basin on the north; by the 50c§rra
constriction on the west; by the Los Pinos uplift on the
east; and by a southward plunge beneath Santa Fe sediments
south of Arroyc Alamillo. |

La Joyita Hills consists of a series of horsts
bordering the Rio Grande graben. The .structural complexity
of the mapped area is enhanced by the constriction of the
Rio Grande graben at the San Acacia channel, which is
developed to the west of the central mapped area. According
to Kelley (4952), "La Joyita Hills is a low fold or énti-
clinal bend, which intervenes between the Jornada del Muerto
and the Rio Grande depréssion, broken by a networkyof high-
angle faults." The suggeétion of righ£ élip or righf shift
locally along the margins of the Rio Grande graben may be
discernible in the N. 48° W. and the N, BZOVE. fault sets

that indicate north-south compression,
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Figure 2: Regional Structure Surrounding La Joyita .Hills
Area (after Shaffer, 1970)
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Precambrian Deformation

Geomeiry

i
]
i
i
i
i

4

_ The Precambrian structure is gelated to ?oliatioﬁ
and schistosity parallel to compositi&nal layering in the
gneiss. In the north, the foliation %trikes north and
dips 502 to 85° east. In the central%part of the complex,

© E. and dips 60° to 82° south-

the foligtion strikes N. 35
east. In the south, the strike Df‘thﬁ foliation progres-
sively changes direction Untilvit reaches an east-west
direction, dipping 53° to 68° south.

There is a lack of evidence for folds within the
complex,.but there ma& have been some‘faﬁltinga Movement
may have occurred along the Rosa de Castillo fault at the
sguthern end of the complex. Herber§<1963) records several
folds and a syncline within the Precambrian complex which
are not evident when considering the foliation, schistosity,
and lineation, Herber (1963) also recorded some composi-
tional layering in the quartz-biotite-potash féldspar~
gneiss, which he called "relic badding,“ but it it not
apparenf without detailéd petrobraphié analysis.

| The lineation is gehsrally inztha same plane as the

rake of the foliation. .

 History v |

The structural history of the Precambrian complex
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according to Herber (1963), pp. 33-34) is as follows

(Figure 3):

1. Sedimentation: deposfition of arenaceous, im-
pure calcareous, or basic volcanic sediments. . . .
“ 2. Regional metamorphism and deformation pro-
ducing isoclinal folding which resulted in the
formation of axial plane cleavage (foliation) and
a b-lineation. . . . Simultanecus development of
schistousity within axial plane cleavage.

3. Deformation (broad warping) which disrupted
the structure pattern of the esarlier regional de-
formation. . . .

4, Alkali feldspathization which may have
occurred later than the regional deformation but
earlier, during or later than the second deforma-
tion. v .

5. Jointing, which, because of its unifaorm
orientation throughout the area, occurred later
thah either deformation.

6. Pegmatitization and probably the formation
of aplite dikes. '

7. Faulting and fracturing which may be
temporally related to the jointing and pegmati-
tization or may be occurring at the present time.

The jbinting, faulting, and pegmatitization were prob-
ably Tertiary events related to the formation of the Rio
Grande graben; The Rosa de Casfillo fault was probably
the result of & tension couple during the Precambrian with

renewed movement in the Tertiary.

Paleotectonics Associated with the
Wolfcamp Joyita Uplift
The Wolfcamp Joyita uplift, according to Kottlowski
and Stewart (1970), was a major uplift centered in La
Joyita Hills area and "is a well documented key to the

widespread orogeny of late Virgilian and early Wolfcampian
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time." The uplift is delineated by the deposSition of
the Bursum Formation of Wolfcamp agé on top of the
Madera Limestone of late Virgil 598;

The Bursum is a terrestrial #ongloﬁerafe, whereas
the Madera is a marine limestone. The sediments of the
Bursum grade upward from a nodular limestone to a freéh

arkose with angular quartz cobbles through an inte

8]

val of
30 ft indicating a rapid change in sedimentary environ-
ment. However, there is no angular discordance between
the Virgil and the Wolfcamp in the mapped area. The Bur-
sum facies wedge out to the south in the mapped area, but
is present east of. Socorro, New Mexico (Smith, C., per-
sonal communication). The northern extent of the uplift
is not known due to truncation by the Tertiary Canada:
Ancha fault. According to Kottlowski and Stewart (1970,
p. 30):

In the southern part of the Joyita Hills, the
small Joyita uplift rose above the early Wolf-
campian seas, Pennsylvanian strata were truncated
by eresion during this early Wolfcampian (and
late Virgilian?) episocde, and the basal Wolf-
campian siliciclastics, the Bursum. facies, were
laid down across the various Pennsylvanian units,

The wedgeout of the Bursum facies from north to
south under the Abo facies in the area of study
further supports the presence of the Larly Wolf-
campian Joyita uplift. Angular shards of quartz,
and large fresh clasts of feldspar and granite
gneiss attest to the nearness of the local uplift.

The uplift occurred cover a relatively short beriod

of time, which is indicated by the thin layer of sediments

and the rapid change in composition of the sediments in

the Bursum.
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Paleotectonics of the Post-lLeonard--
' Pre-Keuper Uplift

#
Post~lLeonard--Pre-Keuper upli%t is similar to the
Wolfcamp uplift., The deposition of tbe Doékum Group, of
Late Triassic age, which is a coarse~§rained, immature,
reddish sand, is angularly disconfbrméble cn the San Andres
Formation. No associated ?aulting Drifolding occugred with
“this uplift. |
The uplift was probably broadéregional uplift,
with the erosion of the upper member éf the San Andres
Formation, if it was present. This wés followed by the
deposition of sand and arkose of the bockum in a high-
energy environment and éubSEquent ercsion of the Dockum,

The center of this uplift is difficult to determine, be-

cause of the small areal exposure of the Dockum Group.

Tertiary Structure

Geometryv

Tertiary structureé in the mapped area consist of
hlock~faults with some associated minor thrusts and a few
drag folds. There are four main fault sets in thes mapped

area (see Figure 4). The oldest set is the one trending

0% E. The major fault in this set is the Rosa de

N. 80

Costillo fault. Later fault sets trend N. 10° w., N. 487 W.,
_ . 1
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and N. 32° E. Most of the intrusives in thebmapped area
lie either in the fault zones or are parallel to one of

the sets. v

Rosa de Castillo Fault

The Rosa de Castillo fault is one of the more in-
teresting faults in fhat it possibly-began movement in
the Precaﬁbrian and later experienced movemeant in the
Terfiary. The fault in the Precambrian coﬁplex appears
to be silicified and is difficult to identify,
Topographically, the Rose de Castillo fault forms
an arroyo, which indicates its direction as it passes |
through the Precambrian complex., In the Tertiary volcanics
the fault is more readily identified. Where the fault
surface isbpresent, it is difficult to determine the
nature of the fault. From the outcrop and the map it .
appears to be a high-angle, normal fault with thé south
side down., The fault, as if is traced gast, cuts through
part of the volcanics, aisplaying apparént offset with the
south side east. The fault zone is well silicified, but
" is usually covered. Andesite flgw Ta3 is contorted, dis-
playing erratic strikes and dips near the fault. Andasite
flow Ta3 along with ash-flow Tg3, andesite flow Ta5, and

basalt flow Tbh3 are missing north of the fault. The eastarn

most part of the fault is filled by a manganesg~rich andesite

dike,
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West Jovita Fault

The West Joyita fault, treﬁdiég N, 10°% W., is a
normal fTault dipping 3n° ﬁo‘the west.? Its surface is
best exposed in the CaRoncito Colorad;, Qhefe Tertiary
4Santa Fe Group is downthrown against ;arly Tertiary
volcanics (Plate 12). It is also expésed to the south
where Santa Fe is downthrown against Permian rocks. The
fault in Permian rocks is a silicifieﬁ aﬁd brecciated
zone not more than 10 ft wide with sm%ll drég folds on
either side of the fault zone. The d%ag folds génerally
have an arc of circumference of less #han 10 ft and a
radius less than 20 ft. | |

The topographic expression of the West Joyita fault
‘includes some small arroyos, but is not é major topographic
feature itself. It is impossible to petermine the net
slip of this fault. The strike saparétion is about 1000
ft; +the fault has 3315 ft of normal ﬁhrow. Wilpolt and
others (1946) interpret this fault as a thrust. Considering
the relative ages of the sediments on gither side of the
fault surface, the angla‘énd the direction of the fault
surface, and the direction and sense of the drag folds,
only normal movement has occurred in‘the area.

East Joyita Faulf

The East Joyita fault, striking N, 107 W. in the
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Plate 12:

West Joyita fault: Santa Fe faulted down
against Tertiary volcanics (Tg2). View
looking northeast, fault trends N. 10° W
and dips toward viewer.

o
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north and N. 32D

E. in the south and dipping 80° to the
east, has the most clearly exposed fTault surfaces in the
mapped area.‘ The faulf at the norftheastern end of the
Precambrian complex separates the Precambrian from the
Pennsylvanian section (Plate 13a). The Precambrian fault
surface is scratched and marked by slickensides that
rake 42° south indicating the'poséible direction of move-
ment (Plate 13b). The movement on this fault is normal,
with some strike slip component. Thé ?ault zone is often
filled with mylonite as can be segen in.Plata 13a, but is
usually covered. In the southern paﬁt ofvfhe fault, the
fault zone has been intruded by a mi&eralized, flow-banded
rhyolite and associated intrusive bréccias°
Topographicaily,'the P:ecambrian‘block appéars
- to be rising abéve the volcanic section}with some recent
fault scarps at its base. Near the fault the sediments
and volcanics dip sharply to the eas% indicating a pos- -
sible large scaleAdrag fold or a smail syncline,

Cafiada Ancha Fault

The Cafada Ancha fault trends N. 48° W., dips from
329 south to vertical. The fault zone is a silicified
and calcified breccia zone up to 20 %t thick, It truncates
the northern Precambrian, Pannsylvanian, aﬁd Permian rock

units. The fault is complicated by the intersection of
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Plate 13a: £fast Joyita fault southwest of 0jo del Padre.
Exposure in prospect. View loocking north,

Plate 13b: East Joyita Feult: slickensides and gouge
on fault surface in Plate 13a showing possibl
direction of latest movement.
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the Fast Joyita fault along with minor thrusting from the
northeast. The fault does not have associated drag folds
such as accompany the East and West Joyita faglts.

The topoéraphic gexpression is generally arroyo-
forming except where it has been covered by Santa Fe Forma-
tion and at the junction of the two fault zones where it
is covered by talus or obscured by other faulfs. The strike

separation is 2200 ft and the stratigraphic separation is

1600 ft.

Central Canyon Fault

The Central Canyon fault étrikes N. 3DO E. and dips
70° east to 55° west (Plate 14a). The fault extends from
its intersection with the West Joyitabfault to its inter-
section with the Cafada Ancha fault. The fault zone is
clean with mimor silicification, but the zohe exhibits
many small scale distortions of the mudstone in the Joyita
Sandstone Member of the Yeso Formation (Plate 14b and 13a),
along with some associatéd drag folds (Plate 15b).

This fault, along with others exhibiting the same

orientation has little lateral or vertical separation.  The

o}

fault often underlies arroyos trending N. 307 E. Vertical

separation is 25 ft in Central Canyon. Tensional cracks
produced by a fault parallel and 1500 ft east of central
canyon fault show the extent of the movement. The horizontal

extension across the fault is 30 ft (Plate 16).
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Plate 14a: Central Canyon fault looking north. \Wes
side up.

Plate 14b: Small scale distortion in the Joyita Sand-
stone adjacent to Central Canyon Fault.

i

i

50 .






Plate 15a: Small scale distortion in the Joyita Sand-
stone adjacent to the Central Canyon fault,
View looking north in CaRada Ancha.

Plate 15b: Central Canyon fault looking south: drag
fold in the Torres Member. . -
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Plate 16: Tension fault near the Central Canyon ¥
‘Horizontal extensiocn across the fault i
ft. The beds that have been separated are
part of Torres Member of the Yeso Formation.
The view is looking southwest.

u
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Mechanics

The fault set trending N. 8o° E. is probably the

|
" !

oldest trend in the area dating back ﬁo Precambrian time.
1t resumed movement in the Tertiary. ;These faults are

high-angle normal faults. This is best illustrated by the

Rosa de Castillo fault.

0 W, and resulted

The major fault set trends N, iD
from esast-west tension auring formation of the Rio Grande
graben. The most prominent fault in this set is the West
Joyita fault. There are two conjugate shear sets: (1)

the N. 32°

E. set with the Central Canyon fauit being the
most prominent fault and (2) the N. 48° W. set with the
Cafiada Ancha fault being the example. These conjugate

shear§ are apparently of less magnitude than the N. 10°

E. set and may be the result of a north-south compression

or a force couple along the graben margin. This is indicated
from small scale thrusts or reverse faults in the Cafada
Ancha near the Precambrian contact. This also gives the
suggestion of right slip or right shift along with buttres-
'sing at the San Acacia channel.

During 1969, Sanford (1970) recorded three micro-
seismisms in the central mapped are§ with a total energy
release of 4 x 1013 ergs with a maximum magnitude of any
one microseismism being less than 1.2 on the Richter scale
(Figure 5). The southern part of the East Joyita fault

probably is responsible for these microseismisms., As
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N is the number of microseismic events.

Mmax is the maximum magnitude of all the events within the
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E. is the total energy released within the dashed area.
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Figure 5: Map of Microseismic Events for 1969 in La Joyita
Hills Area (after Sanfoxd, 1970).
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noted above, the southern end ofvthe East Joyi{a fault
contains recent fault scarps.

Looking at the regional geology, three of the fault
sets are possibly reflected iﬁ a'major structural feature:

: the\Rio Grande graben, a tensional feature reflecting the

o}

N. 10° W. fault set with conjugate shears trending N. 48°

W. and N. 32° E.
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ECONOMIC GEOLOGY

Lé:doyita (Los Canoncitos) district was discoQéréd
by Lon Jenkins at the'Dewey Mine in 1895 {(Howard, f967)
(Figure 6). The Bachelder-Everhart and La Joyita Pros-
pects were discovered 10 years later,%in 1905, The min—
eralization is hypogene containing gaiena wifh little
gold or silver, but with some copper in a gangue of fluorite,
barite, and quartz. |

The Dewey Mine discovery shaft is about 400 ft deep
and was sunk on a mineralized, quartz-rich aplite dike.
Low-grade galena with some flﬁorite was all that was mined
(Gordon and others, 1910). Johnston 6192é) mentioned tha%
there may be a pdssibility for fluorife exploration in the
Dewey mine and La Joyita prdspect.

lLa Joyita prospect conéists of ja tunnel 75 Fft. long
and a shaft 25 ft deep. The discovery tunnel was startead
in rhyclite flow breccias in the Easthoyita fault zone and
was terminated in guartz-potassium feidspar—gneisé. The
prospect contains some chalcopyrite aﬁd bornite with sec-
ondary malachite.

The Bachelder-Everhart prospect progressed the
farthest toward actual préduction. A‘small mill built to

concentrate the lead ore was not able to separate the galena
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Trom the gangue and the prospect was abandoned (Howard,
1967).

There are small manganese pr%spects in the intiueive
rocks and in the San Andres Formation.i’Thgionly oneg that
shows evidence of production was the C;ﬁada Ancha Mine (7).
This miné appears to havé been prospec%ed in the late
1950's as the timbers are new and thefé is fresh ore on
the loading docks, |

‘Herbexr {(1963) states M. Radcliffe had reported the
oCCUurrence of beryl in Precambrian pegmatltes. Herber
(1963) was not able to locate ‘any beryl in any of thes peg-
matites that he examined using heavy mineral separation

1

techniques.

Lasky (1932) thought that mineralization occurred
contemporaneously with Tertiary faulting. The fact that
all mineralization in %he mapped area occurs within Tertiary
fault zones corroborates this view. La Joyita district has
no recent ore production, but it has béeh well prospected
as can be seen in Figura 6. Present day prospecting has
been limited to re-examination of thesé prospécts for pos-

sible fluorite or manganese deposits,
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MODAL ANALYSES

Moaal anaiyses of intrusive and extrusive Tertiary
" rocks are presénted in this eppendix. Herber (f963} gives
complete petrographic analyses of the Precambrian rocks
.énd Hubef~(1961) gives complete analyses.of the Permian
sedimentary rocks;‘ Plagioclase”determinaﬁions were made’
using the a-normal method and using Tobi's (1963)”5igh—
tamperaiﬁre curves Tfor anorthite’composition. Rock nomen-
clature is based on Streckeisen's (1967) work.

Seventy-four thin sections of twenty extrusive
ash-flows and flows and numerous intrusives weré studied,
The intrusive rocks‘include three'types: basalt, andesite,
and rhyolite. |

The following tebles give modal analyses. of 36 thin

sections which are followed by photomicrographs.
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Table 1

MODAL ANALYSES OF THIN SECTIONS, EXTRUSIVE ROCKS

(4

Flow An% Plag qtz biot. cl- orth- sanid 0liv.
pDVITO pyvx>

b3 60 70 10l 1o

Tas 45 80 | 15

Tq3 30 15 . 15 -- 10

T15 20 10 _— ‘

T14 - 5 5 '

T13 20 5 R |

Tad 45 B0 - i 10

Tr2 .25 15 5 10 j 25

Tl 17 3 o 7

Ta3 45 80 15

T12 20 25 l

Trl 26 - 10

Tg2 17 30 25 - 10

Tql 30 30 15 5

Ta2 25 75 20 5

T 30 15 10 5

Tb2 57 60 5

Tb1 55 40 - 5

Tal 37 85
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Table 2

MODAL ANALYSES OF THIN SECTIDwﬁ, INTRUSIVE ROCKS

Intru= An%  plag. qtz., biot, cl- orth- sanid. oliv
S1i0n ' . pyID, PyIo.
1r 22 5 .10 - 35
2r 23 5 30 - : 20
3r 16 25 20 5 ' . 5
4t 22 10 25 5 10
1a 30 40
2a - 22 60 e
Ja 43 65 _—
4a 43 65 5
Sa 34 70 -— |
6a 30 80 — 4
Ta 30 70 . -
Ba 20 75 :
9a 33 90 |
1b 59 85 |
26 55 70 | | 20
3b 60 60 20 |
4b 55 80 | |
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Photomicrographs of Extrusive Rocks
Plate 17

v

A. B.
Tb3: basalt. Mostly Ta5: andesite, Mostly
plagioclase (An..), with plagioclase {Anas} with
some ortho- and clino- some olivine phenocrysts
pyroxenes (Cl). Crossed (01). Note trachytic
nicols. texture., Crossed nicols.
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Plate 18

A. B,
Tg3: gquartz-latite. T15: latite. Plagioclase
Plagioclase (An3zg) (P), (AnZG) (P) phenocrysts
anhedral quartz (Qtz), surrounded by pumice frag-
sanidine (S), and a single ments, Crossed nicols,

crystal of sphene (Sp).
Crossed nicols.



Plate 19

A. B.
T14: latite vitrophyre. T13: latite. Biotite (B),
Plagioclase (P) (An33), plagioclase (Anzg) (P),
quartz (Qtz). Note flow and quartz (Qtz). Note
banding. Plain light. densely welded glass shards

and flowage. Plain light.
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Plate 20

Tad: andesite. Plagio- Tpas
clase (Anags) (P) and
olivine (0D1). Crossed
nicaols.

Rhyolite. Biotite
(B), plagioclase (An2s)
(P), sanidine (S), and
quartz (Qtz). Plain light,
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Plate 21

Plagio=-
(P) and

andesite.

-

trachyte. Sanidine Ta3
and plagioclase

Ttl:

(S)

clase (An45)

Plain

clinopyroxene (Cl).

light

. Crossed

(Anq7) (P)
nicols.
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A.

T12: 1latite, Plagioclase
(Anpg) (P). ' Note flow
texture, Crossed nicols.

68

B.

T12: note welded glass
shards and flow texture
Plain light.



Plate 23

Tg2: quartz-latite.
Biotite (B), quartz (Qtz),
plagioclase (P) (Anqy+), and
sanidine (S5). Crossed
nicols.

69

Tgl: |quartz-latite.
Plagioclase (An3g) and
pumice fragments., Crossed
nicols.



Plate 24

A. Be
Ta2: andesite. Mostly Tl4: 1latite. Sanidine (S),
plagioclase (Ansg) (P) plagioclase (Anzg) (P)
and secondary quartz and andesite fragments (A),
(Qtz). Crossed nicols. Note glass shards. Crossed
nicols.
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Plate 25

Tb2: basalt porphyry. Tbl: basalt. Plagioclase
Plagioclase (Ang7) and (Anss5), some zoned (An3g-
clinopyroxene (Cl). Note An7g). Crossed nicels.
large phenocryst of

plagioclase. Crossed

nicols.
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