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The Jones LCamp Iron District is charscteri
pods of magnetite located longitudinally
intrusive dike. The Iiron core has replaced
sandstone host rocks. The host gediments are
age, and the dike is late Oligocene.

Two stratigraphic sections were neasured througs
undisturbed host rock sediments, one section to the south of
dike, and one section north of the dike. Formations encounts ,
in the study area, from cldest to youngest, are the upper Yeso
Glorieta, and lower San Andres. The stratigraphic sections we
correlated across the dike/iron deposit area. Correlation
the undisturbed stratigraphic sections, comparison of biot
assemblages, and geologic relations allowed identification
the altered sediments along the dike, It was determined
e %,

the primary host rock in surface exposures is the upper
carbonate bed in the Torres Member of the Yeso Formation,
designated C1.

Ztudy of the carbonate beds of the Torres Menmber reve
that most are conmposed of nmudstone/micrite, with cccasio:
fossiliferous beds. The fossiliferous beds occur primarilv
in the section, with wackestones and rare packstone
ccecurring in Cl. The biotic assemblage consists of pelecypod
gastropods, ostracods, algal oncolites, algal

-
globigerinid foraminifera, conodonts, fish teeth, and poss
bone fragments. The biota elements are characterized by
diversity, small individual size, and an abundance which vz

s - _: .
locally from nil to guite high.

The palecenvironment of deposition of
and more generally, all the strata exposed in
& high salinity, nearshore, restricted marins
conclusion is based on biotic, stratigraphic,
evidence. The region was subjected to cyclic tr
regressions, with the environment subseguently vary
intertidal to supratidal zones.

The diagenetic historv of
deternmined to be as follows
sedinent; regression causin

the Torres Menber carbhonat
micritization of nud

g solution of un

grains, creaticn of vuggy and channel porosity,
of micrite to microspar; and transgression,
dolomitization, filling moldic an some  Vuggy

dolospar.
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INTRODUCTION

LOCATION AND ACCESSIBILITY
The Jones Camp dike is located in eastern Socorro Countvy,

New Mexice. The dike crops out on Chupadera Mesa in TES

=1

h

»onm

the sastern part of RBE fo the western part of R8E. The

e
by

T On
mine area is most easily reached by the o014 Socorro-Carrizozo
highway, which Is referred fto as Iron Mine Road on United
States Geological Survey topographic naps. The old
Socorro~Carrizozo highway can be reached by turning north from
highway 380 about 1 km east of Bingham, New Mexico.

Access to the two neasured sections on the face of
Chupadera Mesa 1is from the south by unimproved ranch roads.
Stratigraphic Section I, fto the socuth of the dike, is located
in east central Section 24, TBS, RG6E., Stratigraphic Section
II, on the north of the dike, liles in west central Bection 7,
T58, R7E. The ranch roads lead northeasterly from highway 330

approximately 5.6 km southeast of Bingham (Figure 1).

+3

3 -

P

roads are unmaintained dirt tracks which reguire a four whesl

drive wvehicle Iin some sactions, especially under nuddy
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Figure 1: Location map of Jones Camp dike region.
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PURPOSE AND SCOPE

The purposes of this geologic study of the Chupadera Mesa
and Jones Camp dike are: to measure a detalled stratigraphic
section of the sedimentary rocks surrounding the Jones Camp
dike: to determine where ircn ore occurs within this section:
to determine the palecenvironment of deposition of the Torres
Member of the Yeso Formation; to examine the bilota and
petrology of the carbonates in the Torres Member: and to
provide additional detalils for the existing surficial geologic
map of the area.

Data was collected using the following nmethods: field
stratigraphic measurement and rock description; geclogic
mapping; thin section analysis; and studies of conodont

biocstratigraphyv.

HISTORY OF THE JONES CAMP MINING DISTRICT

The Jones Camp iron deposits were first discovered by
P.C., Bell and Fred Schmidt in 1902. The area was named after
the president of the New Mexico School of Mines at that tine,
Fayvette A. Jones. Mining clalims were initizlly siaked in 1927,
The deposits were mined in 1963 by Carl Dotson of the

International Mining Company of Sccorro. Approxinmately



4
100,000 tons of ore were produced from 1963 to 1969. The ore

was primarily used in the nmanufacture of high density cement.

Aweco International acguired Dotson's claims in 1977,

with plans for a drilling program and billet mill. The clainms
are presently controlled by Zia Steel, Inc., N. Edward
Bottinelli, president. Future plans include an exploratory

drilling program and a on-site mini steel mill.
Additicnal detalls of early exploration and clainm
ownership history may be found in the Master of Science theses

of Nogueira {(1971), Jenkins {1985), and Jochems (1887).

PREVIOUS WORK

Studies of the Jones Camp region’s geoclogy and
mineralization may be roughly divided into three periods: the
early 1900's; the pericd around World War iI; and from
approximately 1870 to the present. Early accounts describing

the mineralization and geology of the Jones Camp dike includs
Jones (1804}, Keves (1904), Enmmons (1906), Schrader (1310},
Lindgren, et al {1910), and Laskey (1932;.

During World War II, the United States Bureau of Mines
carried out exploration work while cataloguing the countrv's
iron ore reserves. The Bureau of Mines study, published by
Grantham and Soule {1943), incliuded ore sampling, chemicsal
analvses, and exploratory trenching on the site. Kelley

{19492) included the Jones Camp region Iin his survey of New



Mexico iron deposits. He provides a good description of the
geclogy, a geologic map, and ore reserve calculations. Data
from the previous U.8. Buresau of Mines chemical analyses were

included in Rellv's report, Iindicating ore grade and tenor

from variocus ore bpodies along the dike. Kellevy recognizes the

complex nature of the dike, suggesting that three types of
jgneous rock are present: the hornblende monzonite of the
central dike; light green wmonzonite in surrounding facles;

and diabase s2ills extending laterally outwards from the diks.

The most recent period of work at the Jones Camp

digtrict consists of a series of Master of Science theses fron

+the New Mexice Institute of Mining and Technology. These

examine various geologic, geochemical, and geophysical
properities of the site. A sumnary of the work conducted
during this period follows.

The Ffirst of these theses is that of Noguiers {1971
The paper is & mineralogical and geochemical study of ths
origin of irvon mineralization, environment of ore deposition,
and the relaticonship between the dioritic dlke and the ore
mineralization. Neogulera {(1871) indicates that the deposiis
are of hydrothermal origin in the sedimentary units, while ore
vodies in diabase sills result from crystal settling. The ors
was deposited at a temperature between 450 and 550°C under

oxidizing conditions The iron bearing fluids were probably

acidic and precipitated the ore upon contact with reactive



limestones.

Nogueira (1971) states that the dike Iis dioritic, with
these diorites providing the probable source of iron. The
iron was leached out of the intrusives by the hydrothermal
fluids as they moved up along the borders on the dike.

The dike is divided into three igneous facles based on
texture, wmineralogy, and field relationships. These faciles

are: +he central dike; the mottled border faclies; and diabase

Bickford {1%80) conducted a geological and geophysical
study of the Jones Camp Iiron deposits to determine the
economic potential of the site. The petrology of the igneous
dike was analyzed as varying in composition frcﬁ guartz
dicrite to granocdiorite. The diabass sills of Kelley (1549}
and Noguiera {1971) are further classified as beling composed
of pyroxene syenodiorite. Bickford (1980) indicates that the
magnetite mineralization occurs as pods along the length of
the dike. Pod location is controlled by zones of secondary
permeability caused by intrusion of the diabase sills. These
more permeable zones served to consclidate the hydrothermal
fluids, resulting in the podiform deposits which replace the
sedimentary host rocks. Rickford {(1980) measured =&
stratigraphic section of Permian host rock sediments -- the
Upper VYeso, the Glorieta, and the lower San Andres Formations.

Geological and geophysical analyses suggest thal reserves

total 1,117,940 to 1,575,830 tons {Bickford, 1980}). An opsen
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pit wmining operation could be profitable at the site,
according to Bickford's economic feasibility study.

Gibbons (1981) studied the vpetrographic and geochenmical
characteristics of the Jones Canp dike and magnetite ore.
Gibbons states that the intrusive is a Jguartz-poor
hornblende-pyroxene rock which grades from monzodiorite at the
center of the dike to diorite at the margins. The composits
nature of the intrusive suggests an origin of nmultiple
intrusions from a fractionating magma body. Trace element
analysis was conducted and, &long with fleld and petrographic
studies, the data suggests that the ore was deposited after
consolidation of the dike and sills. As proposed by Nogueirs
{1971), Gibbons {1981) belleves that the hvdrothermal fluids
leached iron from the border facies rocks, indicating that
these border facles are sufficiently depleted to account for
the Jones Camp magnetlite nineralization. Precious metsl
analysis showed that there is no economic concentration of
gold, silver, or platinum group elements on the property
{Gibbons, 1981).

Jenkins {1885) further studied the geclogical and
geochemical aspects of the Jones Camp region. Based on

geologic and major and nminor trace element analysis, he

suggests that the dike and sills are comagmatic, with =
geclogically short period between intrusive evenits. Depletion
of ircn in the leached border facles was quantified as being 3

Nyl

To 4

Y
.



8

Fluid inclusion data was gleaned from calcite samples
which are cogenetic with magnetite mineralization. The data
indicates a non boiling saline or hypersaline fluid under =
hydrostatic pressure of 154 bars. The mean trapping
temperature was found to be 166 9¢C (Jenkins, 1985). The
hydrothermal model of ore emplacement was further developed,
with the suggestion that heat from the cooling intrusives
established a convective hydrothermal system. Groundwater and
connate water provided fluids to circulate through this
convection cell which leached, transported, and deposited the
iron. Complexing of iron with chlorine and sulfate anions
allowed transportation (Jenkins, 1985).

A geological, paleomagnetic, and geophysical study by
Jochems (1987) 1is the most recent work on the Jones Camp
property summarized in this review. Jochems (1987) proposes
that at least 6 dioritic intrusions formed the dike. In
addition to the central dike, mottled border facies, and
diabase sills delineated by Kelley (1949), and further
classified by the authors summarized above, Jochems suggests
three other facies: mica synenodiorite, hornblende diorite,
and albitite.

Paleomagnetic data indicates a wide range of remanent
field directions at most sites. This wide range results from
the effect of hydrothermal activity on chemical remanent

magnetizations. The earth's magnetic field is suggested to
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have reversed during the emplacement of the dike (Jochens,
1887).

Geophysical magnetometer surveys produced a wide range of
values at each survey site, resulting in unreliable
grantitative data. The geophysical study did result in the

roposal of unknown ore pods buried beneath the surface on the

west end of the dike {Jochems, 1987).

Sediments exposed on Chupadera Mesa are Permian in age:
upper Yeso Formation: the Glorieta Formation; and the lower
San Andres TPormation (Figure 2). The Yeso Formation consists
of four members: at the base, the Meseta Blanca, which is not
exposed; the Torres Member, of which only the middle to upper
section is exposed; the Csfias, and the Jovita Members.

The three formations were originally described in the
early 1800's, Lee {190%8) named the Yeso Formation after the

Mesa del Yeso which is located 19.5 km northeast of Socorro,

New Mexico, Lee's section was measured about 3 kn southeszst
of this mesa, where exposures were heltter. Needham and RBatss
{1943} redescribed the Yeso in sapproximately the sans

location, separating the Yeso from the Glorista sandstone and

the San Andres Formation. The fype section s 181.25 m in

fote

total thickness. The Yeso Formation variss in thickness on

&

regional scale, beconing thicker to the southeast and to the
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San Andres Formation

Glorieta Formation

Joyita Member

Permian

Caflas Member

Yeso Formation

Thicknesses to scale

lcecn=15m
Torres Member

Figure 2: Stratigraphic section of upper Permian sediments in the
Jones Camp dike region.
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northwest from the type section locale (Needham and Bates,
1943).

The Glorieta Formation was originally described by common
usage as the sandstone which separstes the Yeso and San Andres
Formations on the Glorieta Mesa. Hager and Robitaille (19193
designated the CGlorieta as Permian in age. & type secition
established on Glorieta Mesa 1.6 km west of Rowe, New Mexico

by Needhanm and Bates {1843}, The type section is

o
5

&%,
thick. The unit is thickest in northern New Mexico, thinning
to the south.

Les {(1809) nanmed the 3San Andres Formation after the San
Andres Mountains in southern Socorro County, New Mexico.
Needham and Bates (1943) designated the type section of the
San Andres in Rhodes Canvon, near Engle, New Mexico.
section Iis 181.5 m thick. Thickness varies regionally -- the
formation is as thin as 4.6 m in the north, and thickens to
387 m in socuthern New Mexico. The San Andres 1is widespread
throughout New Mexico, forming & resistant cap on large
topographic features, including Chupadera Mesa (Needham and

Bates, 1943).

The Jones Camp iron district is found along an east-west

13

trending lineation defined by the Jones Canmp dike. The dike

2

crops out for approximately 17.74 km through the sediments of

Chupadera Mesa. Kellevy and Thompson {1864) descr

Tyem

bde

Chupadera Mesa as a 10 to 15 mile wide structural platform

bounded on the east by the Chupadera anticline and on the west
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by the Chupadera fault scarp. The platform exitends north to
south for about 45 miles, between the Estancia Valley on the
north and the Oscura uplift on the south. The Chupadera
platform dips gently to the east or southeast. Kelley and
Thompson {19684) state that this dip is generally 1o or iess,
however, in the vicinity of the Jones Canp dike, dips of up to
10° east have been measured.

The Jones Camp dike complex is Tertiary in age, strikes
N75°W, and dips between 82°S and vertical., A smaller dike,

the Iron Horse,strikes parallel to the Jones Camp dike and is
exposed to the south (T6S, R7E). Later diabase sills and
dikes were intruded after the dike rocks. These diabase
intrusions occur close to the dike contact, extending up to 1
km to the south.

The Permian sediments arch over the dike in the east,
suggesting that the unexposed intrusion extends at least
another 2.6 km, before this topographic expression dies out.
The dike plunges beneath the Torres Member sediments in the
west, about 1.5 km west of the mesa face.

In the vicinity of the dike, the sediments have bsen
structurally folded away from the intrusion. 8Small synclines
and anticlines parallel the dike. Rapid weathering of the
Torres Member evaporites has created small valleyvs on both the
north and south sides of the dike. These erosional features

create good exposures of the stratigraphic section parallel to

the dike. Solution collapse of the evaporites causes small
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structural festures within the section on the nesa face.
Iron ore in the form of magnetite is found along the

lis. The nmineralization

[

sides of the dike and diabase s
ccecurs as discrete pods, replacing the surrounding country

%

rocx.



STRATIGRAPHY

Two detaliled stratigraphic sections were measured, one
approximately 2.4 km to the south of the dike, and the second
approximately 1.5 km to the north. These will be referred to
as Stratigraphic Section I (88I), and Stratigraphic Section IT
{881II), respectively. The sections were measured well away

n their

It

from the dike in order to study the sedinments
unaltered state and tc obtain the nost complete sections
peossible. The twe stratigraphic sections allow correlation
across the dike zone, where the sediments are often disturbed
and only partial sections are availble. Total section
thickness of 8SI is 234 n. 58I1I is 324.75 m thick.
Appendices I and II contain detailed descriptions of 8S8SI and
3811, respectively.

Arroyos cut iInto the mesa face allow good, relativelvy

fresh exposures of the stratigraphy. Both sections were
measured by following such arrovyos. The sections were
measured with a Jacob's Staff and Brunton compass. Rock

colors were guantified by comparison with the rock color chart
prepared by Goddard, et al (1963). Field <classification of
carbonates is after Dunham (1982).

The formations found in the study area are all of Permiasn

i

age: upper Yeso; Glorieta; and lower San Andres.



UPPER VESO FPORMATION
Torres Member

The section of Yeso Formation exposed In the study area

i

consist

it

. of the middle to upper Torres Member, the Catias

Member, and the Joyita Member. The Torres Member is made up

of interbedded gypsum, sandstone, dolomitized limestone, and
minor siltstone bheds. Prominent carbonate pads are
characteristic of the unit. The lower contact of the Torres

[N

s buried beneath alluvium eroded from Chupadera Mesa,
The previously mentioned arroyos have eroded slightly desper

into the mesa to the north of the dike, so that more of the

Tarres Member has been exposed there than in the south. 67.54
m of Torres were measured in 88I, 121.24 m of Torres were
measured in SSII. The Torres is the primary ore hearing unit

of the Jones Camp district, hence it was examined in somewhatl
greater detail than the remainder of the section.

Five of the carbonate beds within +the Torres Menmber are
exposed in the study area. The carbonates are primarily fetid
mudstones, with occasional fossiliferous beds. The uppermost

carbonate interval in each stratigraphic section contain

o

wackestones and packsiones. The biotic assemblage includes
gastropods, pelecypods, nstracods, oncolites, foraminifers,
conocdonts, algae, and occasional crinoid ossicles. Carbonate

dal.

e

beds low in SS8SII are pello
The carbonates are generally blocky, cliff forming units.

Bedding thickness ranges from 2 to 1l cwu, often with thin si.it
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interbeds. Carbonate composition is primarily dolomitic,
suggested both by field application of dilute hvdrochloric
acid and laboratory thin section staining. Fractures within

the outcrop are typically filled with reprecipitated gypsunm,

]

weathered fron higher in the section. The carbonates
reguently have a silty or sandy appearance.

Due to the importance for correlation purposes o

]

the

carbonate beds of the Torres Member, thev will be referred to
as labeled in Plate 1 {in pocket). S28I-C1 will describe the

upper carbonate o¢f Stratigraphic Section I, 88I-C2 will refer
to the next lower carbonate In Siratigraphic Section I, et
cetersa,

Interbedded with the carbonates are thick intervals of
massive gypsum and sandstone. The gypsun 1s bedded, w

iteminated couplets of light and dark gyvesum low in the

section. It crops out as a2 blocky cliff former within ths

o
o]
L
Q

w5
O
3

@ sandstone Is often incompetent, weathering <o

i3

rounded cliff forms or slopes. It is carbonate cemented, and
poorly to moderately sorted.
Catlas Member

The Caflas Member of the Yeso Formation is primarily

hedded, massive gvpsum with ninor interbedded siltst

]

nes and

limestones, The contact with the underlving Torres
determined by the top of the last prominent carbonate bed of

the Torres. Above this contact, the Cafas is seen as a thick

E

vely unbroken section of gypsunm.

&

§in

at
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Cafias gypsum occurs as massive blocky cliffs, bedded

intervals of laminated couplets, or occasionally as slopes.
i

Minor carbonate intervals are often sandy or silty, fetid,

have occasional mollusc molds, and are less than 0.5 m thiclk.
Siltstone intervals are incompetent, fissile, and can be
carbonate cemented and/or gypsiferous.
Joyita Member

The Joyita Member 1is a reddish sandstone with minow
interbeds of carbonates and gypsum neasr the top of the unit.
The Jovita is in sharp contact with the CaBas Member.

The Jovita is composed primasrily of carbonate cemented,

thinly Dbedded, poorly *to fairly well sorted, relatively

inconpetent sandstone. The sandstone occurs as interbedded
fisslle textured, slope forming rock and mere massive,
buttress forming rock. The result is a slope of weathered

sandstone detritus broken by rounded cliff lavers.
Fesistant carbonate mudstones occur near the top of the
Joyita. The carbonates are non fossiliferous and are

interbedded with gypsum. An interval of massive gypsum marks

the upper contact.

GLORIETA FORMATION

¥

Overlying the Joyita Member of the Yesc Formation is the

Ie
1.
¥

Glorieta Formation. The ¢Clorieta Formation is a fairly
nassive, orange-buff sandstone wunit. The Glorieta/Joyits

e

contact is marked by a color change and 2 massive gypsum bed.
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The Glorieta sandstone is well sorted, carbonate
cemented, and fairly conmpetent. The formation ccocurs as
massive cliffs and detritus covered slopes. The Gloriets in
S8II contains approximately 2.5 m of Dblocky weathering

carbonate mudstone.

SAN ANDRES FORMATION

The final formatlion exposed on Chupadera Mesa is the
lower portion of the San Andres limestone. In the study aresa,
the San Andres is a falrly massive carbonate unit. It i in

sharp contact with the underlving Gloriets Formation.

The San Andres limestone occurs both as cliff forming.

&

nassive beds and as detritus covered slopes. The formation is

fogsiliferous. The upper surface of the San Andres is an
evosional unconformity. Resistan® carbonate beds of the unit

cap the mesa,



CORRELATION OF STRATIGRAPHIC SECTIONS

Correlation of +the stratigraphic columns is based on
several lines of evidence, These are field relations,
relative position of uncorrelated beds to horizons that may be
positively correlated, and biotic evidence. The datum chosen

for correlation is a wackestone bed in the uppermost Torres

carbonate bed, C1. Cl may be definitely correlated between
the two sections. Common characteristics shared between the
twe locations are that ¢l is the highest carbonate
stratigraphically in each section; the most fossiliferous
with wackestones, and in the case of 887, packstones; fossll
individual size is the iargest found in the section; bictic
diversity is the greatest in the section. Additionally, €1 is

prominently exposed and traceable around the dike. See Plate
i feor graphic illustration of the correlated sections.

Y

The datum bed is located in the 61.08 - 61.33 m interval

of 88I and the 116.3 - 118.46 »m interval of 88IT. The bed is

a prominent one, being a fossiliferous, competent cliff

former. Fossils occur as dolospar filled melds in both
sactions. In 8&3I-C1, the wackestone containsg mollusc

grents and well preserved oncolites approximately 2 cm in
gth. These prominent ocncolites are an Iimportant reference

pelnt in  the strata imnediately surrounding the dike. The

biotic elements of the datun bed in 8SSII-C2 do not include the

- A
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oncolites, consisting of the various more common mollusc
fragments.

The datum bed occurs between calcareous shale and/or
mudstone beds in both sections. Additionally, the wackestone
is found low in the C1 interval of both measured sections. It
occurs 1.28 m above the lower contact of SSI-Cl1, and 2.0 m
above the lower contact of SSIT-Ci.

This datum is necessarily somewhsat speculative, as the
depositional environment varied to some extent over the 4 km
separating.the two sections, The carbonate, sandstone, and
gypsum thicknesses of the Torres Member, as well as the biotic
assemblages, vary. As mentioned previocusly, S38I is probably
more accurate in terms of overall thickness. Despite these
problems, choosing the datum as a fossiliferous bed within an
interval which mav be accurately correlated, C1, limits
possible error to the thickness of this interval. S8I~-C1l is
thicker than S8IT-01, hence possible error is the thickness of
SSI~C1, 7.7 m.

As indicated in Plate 1, the Torres Member carbonates are
correlated directly with each other, The carbonate intervals
developed differently in each location, but approximately
simultaneously. A comparison of the corresponding carbonate
intervals follows.

C4 in both sections overlies a gypsum interval and is
followed by gypsum and/or sandstone. S8I-C4 is 3.5 m thick,

the carbonate beds are massive and generally interbedded with
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silty sand. Thin section analysis reveals mollusc fragments,
gastropods, algal strands, and possibly foraminifera. If

pellolds were present, they were not preserved.
SS8II-C4 is 1.64 m thick, interbedded with shaly horizons,
and is calcitic. In hand sample, the rock appears as a

carbonate mudstone, vet thin sectlon study vields a Dunhawm

% v
E =213

classification as pelloidal wackestone due to the high
concentration of pelloids. Biotic elements are similar to
those in SS8I-C4, including mollusc fragments, ostracods,

conodonts, algae, and foraminifera.
C3 overlies sandstone in each section. S8I-C3 is

overlain by sandstone while SS8SII-C3 is overlain by a covered

slope of gypsum and sandstone. S8I-C3 is 4.8 m thick,
consisting of fairly massive carbonate mudstones ang

interbedded silts with one sandstone bed near the top of the
interval. Biota include mollusc fragments, gastropods,
ostracods, conodonts, and algae. Pelloids are also found but

are rare,.

4

887II-03 is 5.94 n thick, about 1 m thicker than S8SI-C3.

Carbonate beds of 8SII-C32 are generally more thinly bedded

{0.5 to 1 cm) than in 88I-C3, although they are still
resistant lavers, Interbeds are silt and a sandstone hed
found near the top of the interval. Biotic elements are

similar to 88I-C3, consisting of various mollusc fragments,
conodonts, and algae. No definite ostracods were observed.

Pelloids are common with the lowest carbonate interval of

LA
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S8II-C3 being a pelloidal wackestone,

C2 is underlain by sandstone in each section, and
overlain by gypsum in S8I, with 8SIT-C?2 being overlain by a
covered sliope that is either gypsum or sandstone. 88I-C2 is

very thin, 0.77 m, consisting of thin beds of carbonate

mudstone interbedded with gypsum. The mudstone is fissile in
the lowest and uppermost bheds, The lower beds are dolomitic,
while the upper section of the interval is calcitic, The

interval contains small recrystallized lumps and possible
burrows, suggesting that some biotic activity occured.

S8II-C2 is 3.33 m thick and consists of fissile to
massive carbonate mudstone interlayered with calcareous shale.
The mudstone is calcitic in the lower portion of the interval,
The rock is fossiliferous, containing mollusc fragments,
gastropods, conodonts, and a trace of algae,

Cl is underlain by sandstone in both sections. The Cafas
Member directly overlies S8I-C1, while a sandstone interval
separates SSII-C1 from the Cafas gvpsum. 88I-C1 is 7.7 mn
thick, and is made up of carbonate mudstone, wackestone and
Packstone, Interbeds are calcareous shale. The biotic
assemblage includes pelecypod and gastropod fragments,
ostracods, oncolites, condonts, and possible algal strands.
The fossil size and diversity are the greatest in the section.

58II~C1 is 4.22 n thick, consisting of carbonate mudstone
and wackestone with interbeds of calcareous shale. The biotir

elements, as in SSI-C1, are large in size and the diversity is



greater than in the lower carbonate intervals. Along with the
common mollusc fragments, gastropods, ostracods, traces of

algae and foraminlifera, and possible burrows were found.
General correlation of the Cafas and Joyita Members of

the Yesc Formation is easily seen in the contacts between the

members. These two units both contain minor carbonate beds
which may provide some additicnal ontrol, and are thus
correlated. The Calas Member in B88I is 61.08 m thick,
consisting primarily of massive, bedded gypsum. Thin,
gypsiferous, grayish green siltstone beds are found
interbedded with the gypsunm. The Caflas in this locatic

contalins two carbonate mudstone beds., The lowsr carbonats

EX

occurs 42.91 m above the Cafas/Torres contact and the upper

mudstone occurs 51.52 m above the contact. The mudstones arse
resistant, fetid, vellowish brown units, with some
recrystallized molluscan fossils in the upper mudstone. The

lower carbonate has small dark spheroids, possibly of biotic

-
1

The Callas Menber, as observed in 8S8SII,

5

4]
hodo

B §.01 »mn Ck
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and dominantly composed of massive gypsum intervals. As

1

bede

1

58I, minor siltstones of a grayish green color are found,

@

long with three carbonate mnudstone intervals. The ilowesT
Pod

carbonate occurs 42.36 m above the Cafas/Torres contact, the

middle carbonate 47.64 m above the contact, and the upper

carvonate 48.28 m above the contact, The {two lower mudstones

are resistant, sandy, fetid layers, while the upper carbonats
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consists of thin beds interbedded with gypsun. The carbonates

=

are not fossiliferous and are generally a dark vellowish brown

The two carbonate mudstones in the Caflas at +he 8%

location are tentatively correlsted with the 1
nudstones of the Cafas in SSIT.

The Joyita Member is 52.03 m thick in S5I, m

and &6

i
.
I

thick in SS8SII. The unit consists primarily of carbonate
cemented, reddish brown sandstone in alternating massive znd

fissile beds. Two carbonate mudstone beds occur at the top of

the member in each section, separated by bedded gypsum. These

edls

carbonates are similar in each section, Dbeing resistant,
grayish layers. The wupper carbonate occurs as interbeddesd
mudstone and gypsun. These carbonates and gypsum beds are

corrvelated,

The Glorieta and San Andres Formations = Y be correlated

by their well defined contacts. The Glorlieta is 22.34 m thick
in 88I, and 28.23 m thick in 88IT. The Glorieta in SsT7

contains a 2.45 n  interval of resistant carhonate mudstone,

which is not found in the 887 location. The mudstone could be

The thickness of the San Andres in the study area depend
on the topographic elevation of the ton of the mesa, as the
upper contact is an erosiocnal unconformity., 31.01 m are

exposed In S$SI, while 52.57 m are exposed in 88II.

limestone occurs as alternating resistant cliff forms and
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IDENTIFICATION OF STRATA IMMEDIATELY SURROUNDING THT

he vicinity of the dike may be correlated

rt

The strata in

and identified by reference +o the Torres Member carbonates,

s

as well as field relations. The strata may be traced fronm the

mesa face, where good exXposures are possible, int

O
rt
tn
ar
bats

Xe

area. The stratig raphically highest Torres carbonate bed, 03

=

is particularly prominent and useful for this purpose, Ths

ey
o
]

very fossiliferous nature, th

0]

+h

presence o the oncolite beds,

and the resistant gualitiss of the interval make C1 an idesl
marker unit. Conodont evidence also supports the continuous

nature of this marker. Sinmilar conodont individuals, probably

Necstreptognathodus (Stan Krukowskl, pers. commuii., 1988, and

Robison, 1981), are found in samples taken from C1 both on the

-

mesa face and along the length of the dike.
Cl occurs high enough in +he section to be exposed along
the most of the exposed portion of the dike to the east of the

mesa face, especially on the south =ide, This provides =

reference bed for stratigraphic identification throughout the

WALE

dike area.

Field observation of the various sediments also alds in

eda s ok

stratigraphic identi

ote

cat!

Lot

£l

;4.

on  along the dike. The Caflas
Yember, for example, is an gasily weathered unit which in
general floors valleys on sither side of the dike. The Jov

Membher, Glorieta and San Andres FPormations are relativelv
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stinctive when observed on the sides of the mesa near the

dike. General stratigraphic location may be determined by

v .2

comparison of the worker's position with these units.



CARBONATE PETROLOGZY AND BIOTIC ASSEMBLAGE

The carbonate petrology and bictic glements of the Torres
Member were studied in detail through the wuse of +
sections. Samples were taken at an arbitrarily determined
interval of 0.5 n through each carbonate unit of the Torres

Member exposed in +the neasured sections. A total of 3

[y

samples were taken from S8I. 26 samples were taken from SSIT.

57 thin sections were made fron these samples. The slides
were stained with Alizarin Red-8 to aid in +he recognition of

3 - krxd
dolomite, The

thin sections were analyzed guantitativelv

ugling a standard petrographic microscope and mechanical

d

counting stage. 500 to 700 points were countsd on each slide,
with most having 600 points counted.

According to Van Der P

[

as and Tobl (1965), a count of 500

Bte

points gives the estimated percentage by volume of & given
grain type to be: the estimated percentage plus or minus 1 to
4 %, with 95 % confidence. Figure 2 (Van Der Plas and Tobkli,
19863) shows this relationship. The greater the nunber of

points counted, the greater the accuracy of the percentage

estimate. Counting more than approximately 1000 points vields
diminishing returns in improved accuracy. Additionally, the

lower the percentage by volume of a given element, the greater

the accuracy of the count.

In the carbonates that were studied, biotic elements were
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Figure 3: Relationship between points counted and actual per-

centage by volume of a given thin section constituent,
The x-axis of the graph represents the percentage,

by volume P, of the various counted elements. The
y-axis represents the total number of points counted

on a given thin section. (after Van Der Plas and
and Tobi, 1965)
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Y rare, though very important for classification and

palecenvironmental analysis. The low percentage by volume of

individu causes the point count ing data for the biotiec
elements to be partic cularly accurate.

The point counting process was biased in favor of the
recognition of biotic elements in deference to diagenetic
products. For example, if the point to be counted was in the
mold of a mollusc shell that had been filled with apar, the
point was counted as a mollusc. This practice reflects the
major emphasis of +this research on the palecenvironment of

deposition, rather than the di agenetic history

The results of the point count analysis are found in

Appendix III. The slides were given rock names
ciassification schemes of both Dunham {1962) and Folk (18823,
Dolomitization is pervasive throughout the ssction. The term

"dolospar” is used to describe the sparry dolomitic cenmen+t

EXT
found as fracture, void, and fossil mold £i11, Descriptions

£ .
E . S

he bulk petrologic and biotic characteristics of the
t

o

various carbonate uni

In addition to thin section study, samples were digested

with acid, and the residues plicked. Conodents, fish teeth,

and rare crinoid ossicles were found.

The lowest carbonate unit of 85I, B88I-~C4, iz a carbonate



mudstone by Dunhawm's (18862) classification schene. The Folk

{19%82) method describes SSI-C4 as a micrite or fossiliferous
micrite., As suggested by these names, the na
the rock is calcareous mud or micrite. Microspar
found In abundance, being grester by volume than micrite in
two cases {samples 58I-3a and 88I-4). Small ancunts

cf sparry cement occur as eguant, intergranular cement

Field observations showed that dolomitization had
ooceurred, but that some calcitic rock remained. The thin

sections In general did not accept the ARS stain, indicating =

iy

dolomitic composition. Thin sections 88I-4 and 8SI-5 do show
some calcite, with < 5 % of <the grains by volume being

PRl

stained. Trace amounts of opague nminerals were zlso noted.

The rare fossil grains observed in SSI-C4 are very small
in size, and occur as dolospar filled molds. Fossill tvpes

e

consist of gastropods, mollusc fragments (probably a mixture
cf pelecypod and gastropod fragments), ostracods, algsl
strands, globigerinid foraminifera, and possibly tubiphyte
A trace of pelloidal grains was found in thin section SSI-3a.

Figure 4 shows a sample of fossiliferous micrite fronm

w3
G a Yok

88I-C3 is classified as mudstone by Dunham (198

]
o
L

contains microspar micrites and fossilifercus microspar

L3e
9]

crites after Folk (1962). Mud/nicrite is the dominant
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Figure 4:

Photomicrograph of fossiliferous micrite from SSI-C4.
Matrix material includes dolomitized micrite and micro-
spar. Pelloids and fossil grains are evident. The oval
fossil grain to the upper left of center is yellow in plane
light, indicating the chitinous admixture of an ostracod
shell (Scoffin, 1987). Void fill in the lower left is
gypsum, while the void in the upper right is rimmed with
equant dolospar. Crossed polarizers, 20X.
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constitutent of $SI-C3. Microspar is the second most

prevalent grain type, coccuring In subequal amounts wiith the

mud. Dolospar fills fractures, vugs and fossil molds. Ths
spar crystal form is Dlocky and eguant, The zrock is

dolomitized, with only sample 8S8I-10 showing trace amounts of

=4 Nt ue

.

calcite. Gypsum also fills some fracitures, agse  and sone
fossil molds. Opague grains comprise up to 0.5 % of the

sanples analyzed from 35I-C3.

Figure 5 dlsplavs 3, sample of fossilifercus

The trace amounts of fossil grains are very small,
consisting of gastropods, nmolliusc fragments, ostracods and
algal strands. The mollusc fossils were dissolved and filled

with dolospar or gypsum. Pellolds are found in trace amounts

8§85I-C2
The single sample taken from S5I-C2 is a mudstone (Dunham,

1962 or microspar-micrite {Folk, 1862). Figure 8 shows this

laminated microspar-micrite. Mud and nicrospar occur in
subegual anounts. The mud is laminated and shows possible
fenestral voild spaces. Dolospar and gypsumn ars  found as velid

space £i1l. Opsgue grains cccur In trace amounts. 88I-C2 shows

no sign of fossil grains or biotic action.



33

Figure 5: Photomicrograph of fossiliferous microspar-micrite
from SSI-C3. Gypsum fills the prominent fracture and
surrounding vuggy pore space. Dolomicrite and dolomic-
rospar form the matrix material. Vugs are lined with
equant dolospar crust. Crossed polarizers, 20X.




Figure 6:

Photomicrograph of laminated microspar—-micrite
SSI-C2. Crossed polarizers, 20X.

from

34



T
3544_&.:,&.

Mudstone, packstone, wackestone, and pelloidal wackestone

&

€y

%Y
7

are present according to Dunham's (198

3]
e

5

fode

} classification
samples from S$SI-Cl. Folk's (1982) classification of +

the sans

rocks vields micrite-n

boto

c

s
e

osparite, microspar-micrite,
fossiliferous micrite, fossiliferous microspar-micrite, sparse
biomicrite, and sparse blo-microspar-micrite. Folk's (1962)

classification is more specific because it g designed for

fute

microscope analysis, where greater detzil ie »

1]
4
1]
&
Bt
n
ey
3]

£

with the other carbonate units of S8I, nmud/s

7

icrite is the

cdominant constituent by volume, with microspar generally in

somewnat lesser abundance. Thin section $3I-15 is anomalove
in that mnicrospar accounts for §1.4 % of the volume of ths

sample, with mud/micrite occuring as 46.5 %, The mued ;i

occcasionally laminated, and possible intraclasts are found.

[

Dolospar is generally blocky and eguant in crystal form. ARS
stained calcite is found in trace amounts in sample 5SI-29.
38I~C1 is otherwise thoroughly dolomitized. Opague grains arse

found In trace amounts.

i

£ 2 am @ 2~ < 3
with & void lining o

equant to bladed dolospar followed by &

illing of Dlocky dolospar mosaic. The rock displavs rour
void spaces, possibly gas bubbles, filled or lined with eguant
dolospar or gypsum. Fossll grains are filled with dolosnar.

Several of the thin sections reveal laminations with volid

i b
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Figure 7: Photomicrograph of fossil grain with void lining of equant
to bladed dolospar followed by a filling of blocky dolospar
mosaic from SSI-Cl. Crossed polarizers, 100X.
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The biotic assemblage of SSI-C1 consists of gastropods,
mollusc fragments, ostracods, oncolites, algal strands,
globigerinid forminifera, conodonts, fish teeth, and possible
bone fragments. Figure 9, from the packstone/sparse biomicrite

bed near the base of 88I-C1, shows a large oncolite (8 mm) in

a fossll hash/mud matrix., Figures 10 and 11, are typical o

B

sanples taken from the packstones and wackestones near the *top

of 38I-C1. With the exception of the algal oncolites, fossil
size is small, most fragments being less than 3 mm. In rare

cases, osiracod and mollusc molds up to

f)
3

5 mn were found.

a-
>

Despite this small individual size, SSI-Ci has the largest
individual size and greatest diverseity of +the Torres Meuwmber

carbonates. Pelloids are found in several samples, comprising

el

vp to 6.0 % of the rock in sample SS$I-29, a pelloidal
wackestone.

The sediments of 38I-C1 show characteristics of
bloturbation including swirled sediment, aligned fossil
grains, and burrows. Figure 12 displays wha+t may be cross

Ao
et

I3

sections of horizontal, lined burrows in a f nely laminated

carbonate mud,
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Figure 8: Photomicrograph of laminated void spaces and fossil
fragments oriented parallel to bedding from SSI-Cl.
Crossed polarizers, 20X.
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Figure 9:

Photomicrograph of large oncolite in a fossil hash/mud
matrix from SSI-Cl. Crossed polarizers, 20X.

g




Figure 10: Photomicrograph of packstone/wackestone from SSI-Cl.
The gastropod in the upper left hand corner is approx-
imately 1 mm in diameter. Crossed polarizers, 20X.




41

Figure 11: Photomicrograph of packstone/wackestone from SSI-Cl.
Void space is approximately 2 mm long. Crossed polar-
izers, 20X.
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Figure 12: Photomicrograph of possible burrows from SSI-Cl1.
Note the apparent piercement nature of the struc-
ture in the lower left of the figure. Plane light,
20X.



The lowest carbonat bed of S8II is class

c i

[_1.
!, 3x

ed by
Dunham's (1962) method as containing pelloidal wackeston

mudstone, and fossilliferous mudstone. Classification by +¥

Folk {1962} method vields the rock nanes of sparse pelnmicrite
and fossiliferocus micrite-microsparite. Microspar is more

prevalent than micrite, comprising 42.6 to 57.2 % by volume of
the samples. Dolospar occurs as sguant crystals of blocky rim
cement surrounding pelloids and as replacement of fossi’

grains.

58I1-C4 is dolomitized throughly, BRNOWINGE no sign of
calcitic material. Gypsum - is found as fracture £il11 -

samples 83II-2 and 358II-3. The opague mineral content rancs
» P

from 1.5 to 2.1 %.
The biotic assemblage of 88SII-C4 consists of variocus
mellusce fragments, gastropods, ostracods

, foraminifers, and

algal strands. These blotic elemenits are found in SSII-2 and

SSII-3 onlv., Fossll grains have been dissolved and the molde
filled with dolospar. Individual size 4is small. Palloids
coppes 26.8 % of sample SSII-1, resulting in a pelloidsl



Figure 13:

Photomicrograph of pelloidal wackestone/sparse
pelmicrite from SSII-C4. Note the oval to somewhat
rectangular shape of most of the pelloids. Some
of the pelloids are composed of micrite with equant
sparry crim cement. Crossed polarizers, 20X.
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wackestone/sparse pelmicrite.

S8II-C3 is made up of pelloidal wackestone and nudstione,

as classified by Dunhanm's {1962} method. Folk (1962) rock

A

names for 38II-C3 include sparse pPelmicrite,
pel-opague-hio micrite, opague-micrite, pelmicrite, and

micrite, Microspar is common in all samples, ccouring in
subequal amounts with micrite, In sample S8II-4, microspaxr
accounts for 32.0 % of +the rock's volume, over two  times the

amount of micrite. Noneﬁh&l&$$ﬂ micrite/mud is the dominan

£

L"e

grain type in most samples. In the mudstone/micrite samples,

alternating dark ang light colerea laminae asre apparent. The
darker laminations are composed of micrite, whlle the lighter
colored laminae are coarser grained microspar. Blocky andg

bladed dolospar crystals replace fossil grains ang line

vesicles. Some void spaces are lined with microspar.
58II-C3 is dolomitized. Only one sample, SSII-10, has

calcitic

18]

'rains, and they are in  trace amounts, Gypsum is

common as  fossil mold andg fracture £i11. as sugdested by the

Folk {1962} name of opaque-micrite, Oopague grains a

By

e found in

relatively large amounts, comprising up to 4 % of

et
[}
4]
@
E
(ol
)
1
)

The opaque grains are small and may occur both in the matrisx
and as sparry fracture £ill., In the laminated mudstone sample

S8II-12, the opague grains oceour along the contact between
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coarse and fine grained laminae.

The biotic assemblage of SSIT-C3 includes molluscan
fragments, gastropods, and algal strands. Individual size is
small, with the maximunm length of the mollusc fragments being

2 mm, These 2 mm long fragments are from sample SSII-~5,
Fossil grains are rare, composing at most 3.3 % of the rock,
usually less. Despite the lack of fossil grains, pelloids are
common. Pelloid shape is similar to those in S8II-C4, with

most having oval to rounded rectangular forms. Some round

pelloids are found which may be ooids. Sample SSII-9 may

contain burrows.

B58TI-C2

381I-C2 is classified as mudstone after the method by
Dunham (1962). Folk's (1962) method results in the rock names
of pelmicrite, micrite, and fossiliferous micrite. Microspar
is the most common grain type in SSII-C2. Microspar accounts
for up to 73.8 % by volume of the carbonate. Mud/micrite
occurs in subequal amounts, giving the samples the overall
appearance of fine grained, relatively featureless carbonate.
Some of the mudstones are faintly laminated. Dolospar cement
occurs in small amounts as blocky crvstals dispersed
throughout the matrix and as fossil grain replacement.

The carbonate beds of S$SIT-2 are dolomitized. Four
samples in the middle of the SSIT-02 interval contain calcitic

grains. These samples contain up to 5 - 10 % calcite. Gypsum
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w3

is found as fracture £ill material. Opague mineral grains are

2

generally rare, but can account for up te 2.0 % of rock volume
{sample SSII-18).

The biotic assemblage of S8SITI-C2 consists of mollusc

fragments, gastropods and pessibly foraminifera. Sample
S8II-20, at the top of the interval, is the nost
fossiliferous. The fossil grains of SSII-C3 are generally

faint ghosts, having been dissolved and replaced by microspar

and dolospar. Pellcids are Ffound in only two samples, SSIT-13
and 8SII-20. S8II-13 contains 6.3 % pelloids by volune,
giving the sample a mottled appearance. Possible burrows wers

eral slides,

b
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i
o
2
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$3II-Cl is made up of nmudstones according to Dunham's
(1862) classification schene. Folk's (1962) method classifies

S3II-C4 as fossiliferocus anicrite with one sample (83IT-258

et

relng classified as dismicrite. Mud/;

Ea

licrite is generally the

most common grain type, occuring in the rock as up to 78 % of

the total wvolunme. Microspar occurs in greater amounts than
-mud in several samples from SSII-C1. Microspar accounts fo-
82.7 % of the volume of sample SSII-29. The nmud/microspar

matrix of the SSII-C1 carbonates is often vuggy and Ifractured,
The mud in some samples is laminated.
Dolospar occurs as blocky crystals replacing foss

grains and pelloids, and filling wvugs. Samplie 8SSII-27
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contains the most dolospar, 10.2 %, which cccurs as pore Fill
and pelloid replacemsent. Cther samples gensrally have much

iless dolospar, only trace amounts in som

approximately 5 % calcite, and is zlso the least fossiliferous
sample from SSII-Cil. Gypsum ig falirly common, f£illing vuggy
pore spaces and fractures. Opague mineral grains are
relatively connon, comprising up to 1.8 % of the rock volunme.
igure 14, taken from sample SSII-22, shows large, hexagonsl
grains of the opague minersal. The opague material typicallv
occurs in pore spaces or fractures.

&L

The bicotic assenblag of

(15
i

88II-C1
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fragments {pslecypod and gastropod), definite gastropods

ostracods, and possible forams and algsl strands. 2 to 4

types of mollusc shells were observed Iin 88II-29. Foss]
individual size 1s up to B mm, found in

individuals are spallier, i mm or less mes

with dolospar with some nolds being fille

3 1 ~ e oy o #® - -
optically continucous crystal of dolospar. Other

occur as faint ghosts, replaced Yy microspar and micrite.

Pelloids are relatively rare, comprising a maxinmum of 4.4 % of

Sample $28II-31 has an overall mottled pelloidal appearance,
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Figure 14: Photomicrograph of opague mineral from SSII-Cl.
Plane light, 100X%.
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CARBONATE 5

Carbonate 5 {C5) is the e%ratigraphically lowest exposed

rh

carbonate unit of the Torres Member in the study ares. Th

i)

I

unit is found west of the last exXposure of dike rock. C5

4
4

&

onliy partially exposed, as the topography is much nore gentle
in this area than on the mesa face, Thin sections were noi
rade for this carbonate unit, hence the following descript:

on

is of Thand samples only. Due to the Poor exposure =

6]

i
L]

o

s
[ =8
o1

raphic thickness was not obtained.

C% consiste of mudstones and occasionasl wackestones, Th

12

rock is brownish gray to grayish black. Beds are massive

[
ot
-

some locations, ranging from 15 to 30 cm thick. The carbonate
is fetid ang occasionally has = crystalline appearance on
fresh surfaces, A bed of nmudstone was found which contained

definite interclasts of carbonate mud within =z sonewhat

rainy, perhaps pelloidal, matrix.

©

The biologic assenmblage includes large pPelecypods, up to
i2 cm in longest dinmension, gastropods, worn tubes, ostracods,
crinocids, and possibly algae, The crincid cssicle observed
was small, approximately 3 mm in diameter,

To¥ oom momman Al %
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PALEOENVIRONMENT OF DEPOSITION
The biotic, petrologic, and stratigraphic data bresanted

previously suggest that the palecenvironment of deposition for

the Torres Member was = high salinity, nearshore, re

5]
e
b
Lote
(o]

ot
B

&N

marine environment. More specifically, the data suggest that

h
[

deposition occurred in the intertidal +o supratidal zones of
an anclient sea. The Torres, with it's interbedded limestones,
sandstones, and gypsun layers, may be viewed as a small scale
model for the depositional environment of the thicker, n
consistent sandstone, gypsum, and limestone wunits which lis
above the Torres. An interpretation of relevant data appears

below,

BIOTIC EVIDENCE

The biota of the upper Torres carbonates are
characterized by low diversity, small individual size, and ==
abundance which varies locally from nil +o guite high. Thesse
general characteristics are indicative of an unstable,

stressaed environment {Dr. D. Johnson, vpers, commun., 1987).

The fossil assenmblage consists of gastropods, pelecypods

ostracods, foraminifera, algal oncolites, algal strands,
conodonts, and possibly tubiphytes. Sizes of individuals

range from the majority being 2 mm or less to rare cases of 10
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With the exception of the San Andres Limestone, other

)

phic units in the study area are nonfossiliferous.

[}
t
B
4]
¥
[
L
4
o

The San Andres contains gastropods, pelecypods, and other
ocrganisms. Individual size may be quite large -- up te 3~-4 cn
diameter gastropods were found, A more stable, less stressed
environment is proposed for the San Andres. The small rounded
bumps found within the limestone beds of the Caflas Member may
suggest blotic activity of a limited extent.

Heckel (1972} publish

fB
o))
o]
ah
o
]

po

gram (Figure 15) which shows
the relationship between fossilizable organisms and salinity,

Eurvhaline fossilizable organisms such as algae, ostracods

5!3

7

molluscs, and foraminifera listed in Figure 15 as being able
to exist in high salinity, restrictegd marine waters match

ciosely with the typres of organisms found in the upper Torres

h

|-|.

carbonates. More sigrnificantly, none of the stenohaline
fossilizable organisnms which exist solely in normal marine

waters (including corals, bryozoans, echinoderns, for example’

o
e
1]
i
9
5
h
bose
H
rt
e s
D

Torres Member,
As noted in the section on the biotic assembla e, study
&

of acid digested carbonate residues revealed various ¥

3

Y

teeth, conodonts, and rarve crinoid ossicles. he conodonts
and crinoids were very small, again suggesting the harsh,
restricted environmental conditions considered previcusly.

The crinoids may have existed outside a restricted embayment

and were washed in by storm waves, deposited out of

ot
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may Indicate a somewhat lower salinity

P8 Y

upper carbonate units, C3 =also contained very large
pelecypods, and a bed of interclastic mudstone. The largs

individual size of the pelecypods suggests a less stressed

environment where nutrients were nore abundant. T

;“'X

interclasts indicate a relatively high energy environment,

The conodonts, although they could have lived in

y the
suryhaline conditions, could alsc have been carried in by
currents. The restricted condltions, with an assoclated poor
supply of nutrients could account for the small conodont size.

r. D. Johnson (pers, commun.. 1987) has suggested tha+ the
conodonts are juveniles which died before full growth was

b

attained,

Worm tubes are also listed in +the restricted nmarins

section of Heckel's {1872} diagranm {(Figure 1B). It is not

krown whether or not the burrows of the Torres carbonates wers
caused by worns. However, Wilson (1975}, and TLucia {1972

both state that burrowed sediment in general is indicative of

S

an  Iintertidal environment, Wilson {1878) makes the
distinction that vertical burrows imply that tha praserved

sediment was from the intertidal zone, while horizonts:

o

wrrows suggest the supratidal zone. Both vertical burrows
(Figure 18) and pos sibly horizontal burrows {Figure
in the upper Torres section.

A final piece of biotic evidence for a restricted marine



Figure 16:

Photomicrograph of vertical burrow from SSI-Cl.
Crossed polarizers, 20X.
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Torres carbonate beds. Such laminae can be caused by algal
mat formation Iin very shallow water {(Wilson, 1873). The algal
growth traps fine layers of carbonate mud. Pericdlc subaerial

exposure causes drving of the sediment and the producticon of

gas bubbles through putrefactlion of corganic matter within the

sedinent. The gas Dbubbles within thes sediment are pressrved
ze fenestral tTextures. Wilson {1978} contends that suc

dessication by subaerial sexposure occurs in tidal flats

STRATIGRAPHIC EVIDENCE
The stratigraphic section of the upper Torres Menbsy

Appendices I and II}) shows a ackage of sedinents which mavy
- s

4,

e interpreted as =a repetitive seguence of small scale

o

transgressionsg and regressions. The thick gvpsun beds wers

likely deposited in a wvery shallow, low energy environment

Voo e

with high evaporation rates. To deposit the limestones, and

£ge

for the Dbiota to survive, a deeper enviromment is reguired,

fote

by
it
&
i
@
8
rt

ransgression. The deposition of fine graine

N

sandstone is perhaps due to an increased supply of terrigenocus
sediment, overwhelming carbonate sediment production. The
lack of ripple marks and other sadinmentary structures in ths

sandetone indicates & low energy environment o

To return to evaporite deposition, a regression would have to
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o

lght transgressions and regressions would change the

environment from an evaporative zone to the deeper intertidsl

zone. The presence of evaporites, in particular, indicates =z
shallow, bhigh salinity, restricted marine environment. Wilson

{1975} notes that evaporites are associated with carbonate

PETROLCGIC EVIDENCE

Dolomite dominates the carbonates of the uppsr Torres

Member. Both the seepage reflux and evaporative pumping
models for dolomitization reguire narine waters close o a
source of lhypersaline water with & high Mg/Ca rstic. Ths

close association o©f apparently restricted marine carbonates
and evaporites in the upper Torres fits these models.
Elf-Aguitane {(19282) states that "the necessary conditions for

dolomitization are usually found In very shallow, low-energy

environnents.” 2 nesarshore, shallow environment is implied

gw:.
”D

for the Torres sedlinents.
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DIAGENETIC HISTORY

&k

The diagenetic history of the carbonates Iin the upper Torres

Menmber ls falirly simple. {Note: The terminclogy used in ths
following discussion of diagenetic environments Is after
Longnan, 1880). Micritic Mg-calcite cenmentation of the mud

glzed sediment probably cccurred soon after deposition in th
active marine phreatic zone. Micritization would stabilize ths

shape of the fossil grains that were subseguently dissolved

A slight fall in sea lsvel {regression) moved the

carbonate into the freshwater phreatic zone or the freshwater

i

vadose zone. Solution by meteoric water undersaturatsd wiith
respect to calcite preferentially leached the unstable

aragonitic mollusc and ostracod grains, resuliting in moldic

porosity. The extensive solution alsc caused the formstion ol

vuaggy porosity and channel poresity along fractures in

y the

limestone,
Neomorphism of the nmicrite to the abundant microspar
occurred in response to a marine transgression, which moved

the carbonate from & zone of s=olution into the stagnant

]

reshwater phreatic environnent.
A further relative rise in sea level resulted in thse
vuggy porous carbonate being nmoved beneath the freshwater

vadose or phreatic zone. Dolomitization of the sedinment took

place here, fllling meldic porosity with dolospar and causing

BAP e dw by
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Figure 17: Seepage reflux model for dolomitization. (after Zenger,
1972)



exposure when meteorlic waters #lushed the evaporite from
overiyving beds intoc the carbonate. This process ls continuing

at the present,

FIELD GEOLOGIC OBSERVATIOCNS

During the course of this research, sdditional mapping of

ne dike area was conducted. This mapping concentrated on the

bte

Torres Member, with the goal of identifying the previously
ambiguous carbonate beds. The resulls of th

seen in Plate 2, which is a revised version of the gealogic

map developed by Jochens {1987), Jenkins {1985) and other

previous workers. Cross sections of the Jones Camp dike and
the surrounding sediments are displayed in Plate 3 {after

Reconnaissance mapping was carried out in the areas west
of the dike, in search of the Ilower contact of the Torres
Member with +the Meseta Blanca. This contact was not found

despite the topographic relief of Antelope Mound and other

jete

such features located approximatel 11 -~ 12 km north west of
Chupadera Messa. Speculatively, the formations exposed iIn

these topographic features are the Ccafas Member of the Yeso
Formation, the Joyita Formation, and the Gloriets Formation.
and, as in the study arsa, a gection of lower San Andres

Formation.

Drilling data, taken from a hole some 2.5 km e=ast of
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Antelope Mound in Section 28, Township 4S8, Range BE, indicates
that the top of the Torres lies several hundred feet below the

surface. The hole has been plugged and abandoned.

THERMAL COLOR ALTERATION OF CONODONTS

Conodonts collected from Cl1 in the immediate vicinity of
the dike were noticeably darkened due to the heat of dike
intrusion. Epstein, et al (1977) give approximate temperature
ranges for various degrees of color alteratiocn due to heating.
Comparison of the Jones Camp conodonts to thess
colors/temperature ranges suggests that the host rocks were
heated to approximately 190 to 300 ©cC. It should be noted
that other factors in addition to temperature affect conodont

color alteration. These factors include the effects of

hydrothermal fluids.

GEOLOGIC CONTROL ON MINERALIZATION

The detailed study of the Jones Camp area stratigraphy
allows positive identification of mineralized host rock bheds.
The upper limestone bed, C1l, was identified along the length
of the dike by stratigraphic relations, the blotic assemblage,
general appearance, and by ftracing bed continuity. Cl1 proved

to be an excellent reference bed for stratigraphic orieantation

in the field.
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The highest grade iron ore is localized in the upper
limestone bed, C1, of the Torres Member. Along the western
region of the dike, lower Torres carbonate beds such as C3 and
C4 also host iron ore.

Due to the fact that lower Torres Member carbonate beds
are often not exposed along the eastern region of the dike, it
is impossible to determine if they host high grade iron ore in
this area without an exploratory drilling program. If,
however, relatively pure carbonate was the factor which caused
precipitation of high grade ore, it is possible that further
ore pods would be found in carbonate beds In the subsurface.
Jochems {(1987) found geophysical magrietic anomalies on the far
west end of the dike, where dike rocks have not yet been
exposed by weathering. Beds In the lower section of the
Torres, or Meseta Blanca which are not exposed in the study
area could host ore,

Lower ¢grade iron ore is also found Iin Torres Member
sandstone and gypsum beds. The sandstones are cemented with
carbonate, providing a catalyst for ore precipitation.

Gypsum, composed of CaS0,, is also an ore host.
FUTURE WORK
Further study of the Jones Camp iron region should

include stable isotope work, an exploratory drilling program,

and a subsegquent economic feasibility study of the site's
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potential for profitable mining.

Stable isotope geochemistry was originally proposed to bhe
part of this study, but was curtailed due to the lack of
necessary analytical eguipnment. The proposed research plan
was to sample the Torres carbonate beds at regular intervals,
moving laterally away from the dike. Mass spectrometer
analysis of the samples for 0,4 would have revealed any
fractionation of the ore bearing hydrothermal fluids as they
penetrated the host rocks. This documenting of the evoelving
ore fluid would allow greater understanding of the
hydrothermal system and mechanism of ore deposition.

An exploratory drilling program should concentrate
initially on delimiting the thickness of known ore bodies so
that accurate ore tonnages may be estimated. Further drilling
should be directed towards determining if additional ore pods
occur at depth. The logical places for this drilling would be
on Jochems' (1987) magnetic anomalies. With the drilling
data, a more accurate assessment of the economic potential of

the Jones Canmp deposits could be made.



CONCLUSIOHRS

Study of the stratigraphic, geologic and paleontological
characteristiceg of the Chupadera Mesa and Jones Camp dike h

resulted in the following conclusions:

) Surficlially exposed iron ore is confined to the upper
part ¢f the Torres Member of the Yeso Formation. The
highest gqguality ore iIs hosted by €1, the uppermost

carbonate unit of the Torres Member. Additional ore pods
may be located lower in the section, but this cannot be

determined without exploratory drilling

23 The palecenvironment of deposition of the sedimentary
rocks of Chupadera Mesa is a3 confined basinal, near
shore, shallow marine environment which experienced
several transgression/regression cvcles.

3) The bioctic assemblage ¢f the Torres Menmber consists of

hypersaline, near shore, Iintertidal organisnms. The

organisms lived in & stressed environment. Some of ths
fossll remains, such as the conodonits, fish teeth, and
crineid ossicles, may have been washed into the confined
basin to be deposited out of life position.

43 Petrologic analysis of Torres Member carbonates revealed
that most of these rocks are nmudstones/micrites, ith

occasional beds of foss

i

o

ferous wackestone/blomicrite



5)

6)

66

The rocks range from very clean carbonate to silty
carbonate. The carbonates of the Torres Member are
pervasively dolomitized. The seepage rveflux model of
dolomitization is proposed as the most likely mechanism
for dolomitization.

The carbonate beds of the Torres Member provide good
marker units for stratigraphic orientation along the
length of the Jones Camp dike. The uppermost carbonate
unit, C1, is particularly useful due to the
characteristic fossiliferous horizons.

The host rocks in the immediate vicinity of the dike were
heated by the intrusion to approximately 190 to 300 ©°q,

as suggested by color alteration of conodonts.
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DESCRIPTION OF STRATIGRAPHIC SECTIONS

e

The following written description of Stratigraphic Section
and IT ({881 and S88II respectively) follows the same label
convention as described in the text. The sections are

described from the bottom te the top, or from the oldest

rocks to the youngest rocks. The Torres Member carbonates

are labeled 1n seguence, with S5I-C< beling the lowest

fute

carbonate in 38I, SB8I-C3 being the
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88I-C1 1s the uppermest carbonate Iin S$8I. 88II carbonstes

n the same manner.
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STRATIGRAPHIC SECTION I

YESD FTORMATION

INTERVAL
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ESCRIPTION

g - 10.58 m 1% to 80 cm thick beds of gypsum, mottled

<4
1]
g
g

iight gray (N8) to (¥3), weathering to

bt

fode
o]

LS

B

ot

to nmoderate brown (5 YR 5/6 to B YR

=
e
Fa
o

, Crops oul as nearly vertical blocky
faces within the arroyo, weathers to a slope

former outside the arrovo.

[
on
§
Y
oy
L]

oot

Scft, crumbly., well sorted sandstone,
dark yellowish orange (10 YR 6/8) to moderate
yvellowish brown (10 YR 4/4), weathers more
rapidly than surrounding gypsum, does not

-

effervesce with 4ilu

e

e HC1.

[ =N

11.0 - 13.8 Bedded, massive gypsum, colors are the
same as the 0 - 10.5 m interval, fine
laminations within the beds alternating light
gray and dark gray gypsum, the couplets are

approximately 0.5 cm thick, dark laminas are

organic rich, light grav gvpsum is orcanic
YE
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885I-C4 --— carbonate nmudstone, bheds 10 -
thick, interbsdded with 1C - 25 cm beds

511ty sand, generally dolomitic, fetid.

0

2I-C4

(s

Carbonate mudstone, gypsifercus,
glightly calcitic, fossil molds were
observed Iin thin section, coclored

mederate yellowish brown {10 ¥R 5

ey
o

s
o

Carbonate mudstone, clean,

Carbonate nudsions, silty, dark

vellowish brown {10 V:

£V

L 4/2
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St

¥

oS et
2ilty sand, crumbly.

Carbhonate mudstone, fa

Eo] T e
rly clean,

(=

possible fossil grains, mediunm gray {(X¥5)

i kA2l

Mudstone, silty, very fstid

alternating 10 - 25 cm beds of light

5

3/4) rock, light brown rock is reentrant
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forming, nmoderate brown weathers to smsll
rounded blocks or buttresses, contains
molluscs, ostracods, algae, possible
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£ - 15.88 Silty sand, sonmewhat incompetent,
overhangs previous alternating seguence.
robonate mudstone, fairly clean,

fresh, weathers to 13

15.85 -
mediun gray {(N3)

gray {(N7).

5 - 16.5 Interbedded carbonate mudsione and
shale, slope former, shale is finely

colored moderate brown (5 YR

laninated,

{s.
—
-
ol

3/
Carbonate

gastropods, mollusc

strands wers observed in

]

dolomitic,

s
ht gray (N
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16.95
when fresh,

(B YR 4£/1)

weathers to gravish black [N2)
Carbonate mudstone, silty, moderate

8
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w0
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brown (B YR 3/4 to 4/4%.

D 88I-C4
Gypsunm, similar to the peum lows in
Y

an 3

to detritus covered
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the secti weathers
possible bedding and lanination

slope,
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couplets are obscured, detritus is light gray
carbonate, or moderate reddish orange {10 R

£/8) sand ar

]

4 silt in the upper part of the
interval.

Sandstone, crumbly, carbonate cemented,
weathers to rounded cliff forms with sone
interbeds of slope forming, incompetent,
sandstone, color is pale yellowish orange (10
YR 8/6) to light gray, the bulk being
vellowish -- at the 26.5 and 28.05 m levels,
15 cm beds of massive gypsumn occur, resistant,
blocky weathering, overhanging the sandstone.

§8I-03 -- in general, SSI-C3 is more
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n the arrovyo, and

more fissile and silty along the arroyo walls

due to different weathering mechanisms.

SUBINTERVALS OF 8S8SI-C3
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8.2

29.81

Interbedded silty carbonate mudstone
and siltstone, carbonsate beds are
competent, blocky weathering, 5 - 10 cn
thick, siltstone beds are less reslistant,
reentrant forming, 1 - 4 cm thick and

compesed of 0.3 to 1.0 ¢

wiptic elemenis include mollusc
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it gray (NS - N7}, weathering

Bt

to pale vellowish orange (10 YR 8§/6)

22.81 - 29.83 Carbonate mudstone, fossiliferous,
mollusc Ifragments, algae, ostracods, rare
pelloids.

29.93 - 30.8 3iltstone, fissile texture.

306.6 - 30.9 Sandstone, massive cliff fornmer,
silty, carbonate cemented, fine grain,
fairly well sorted.

3.8 - 33.0 Carbonate mudstone, massive 10 to 45

cm heds, silty, occasional mollusc molds.

33.0 - 34.58 Sandstone, resistant cliff former
within the arroyc, beds are 10 - 30 cm thick,
weathers to flat bedding planss outside
arroyo, forming a "stair step” slope, color is
yellow {10 YR 8/8) to gravish orange {10 ¥R
/4% .

24.5 -~ 37.5 Sandstone, slope former, slope covered
with gypsum detritus and eroded sandstone.

27.5 - 38.77 Sandstone, loose, poorly consolidated,
well sorted, carbonate cemented, source nf
slope sand detritus.

38.77 ~ 392.854 385I-C2 ~- gypsiferous carbonate mudstone
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Carbonats mudstone, finely

laminated, interlaminated with gypsum,

oy

medium gray (N5).

[

Gypsun, white.
Carbonate mudstone, 0.38 to 2.0 cw

4

thick beds, dolomitic, si

g,_;

ty, slightly
fetid, contains small recrystallized
lumps and possible burrows, suggesting

possible bioctic action.

f)

Sypsum, white, interlavered with 1
cm beds of silty, brownish black {53 ¥R

2/1}) mudstons, the interval

=

e

crenulated -- gypsum layers vary in
thickness and number of nmudstone beds
range from 2 to 4 at different locations
laterally along the interval,

Carbonate mudstone, blocky
weathering.

Carbonate mudstone, finely
laminated, shale - like, calcitic
grayish black {(¥2) -- contact with
underlying blocky mudstone is gradationa
over a few centimeters, tan gypsum fron
overlying beds fills 0.5 to 1.0 cn

fractures in the nmudstone.
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Gypsum, bedded, forms s blocky

slope/cliff within arroyo, weathers to slope
outside arroyo, where exposed, the gypsum is
mottled light gray/white and medium dark gray,
where slope covered, the detritus is stained

moderate reddish brown (10 R 4/6) to moderate

"l

ish orange (10 R 6/6) by the overlying

3

Sandstone, lower contact approximate

&

well sorted, massive 30 cm thick beds, cliff

.7

roer. obscured by slope cover in sone
places, moderate reddish orange (10 R §/6)

E H
yith occasional splotches of grayish orange
Sandstone, as in interval below, excepnt
colored vellow.
Sandstone, silty, fissile texture.
Carbonate mudstons, dolomitic,
recrystallized, medium light grav (N&).

Siltstone, crunbly, reentrant forming

2illtstone, fissile texture, more
resistant than underliving bed, forns
reentrant, vecones more resistani near the top
of the interval, gvpsiferous, color is dark

vellowish brown {10 YR 5/4), surficially



stained light gray and reddish orange.

~ B9.,77 Sandstone, resistant cliff former, silty,
moderate yellowish brown (10 YR 5/4).
-~ 59.8 Siltstone, sandy, fissile.
- 87.5 S8I-CL -~ carbonate mudstone, dolomitic,

fossiliferous, fossils have been dissolved

with dolomitic spar reprecipitate
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include gastropod and
pelecypod fragmentis, ostracods, oncolites,
condonts, possibly algae.

SUBINTERVALS OF 38I-C1

E9.8 - £0.44 Carbonate mudstone, sandy, resistant
cliff f

ormer, trace of mollusc fragnments,

h

etid, crystalline appearance, color is

dark yvellowish brown {10 YR £/2).

80.44 - B80.45 Calcareous shale, fissile texture,
£0.45 - B80.862 Packstone, resistant, dolomitic,
fetid, mollusc fragments, oncolites,

cstracods, foraminifera, pelloids,

algae color is brownish gray (BYR 4/1).

-

LR W

60.82 ~ 81.08 Intervedded carbonate mudstone and
calcarecus shale, cliff former within

ar

i3

oye, slope out of arroyo, variable bed

thickness -- carbonate beds vary from

By
]

te 11 cm, shale beds are 1.0 to 18 cm,
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30

mollusce and ostracod fragments were
observed scattered through the interval,

brownish black (5 YR 2/1).

i

Wackestone, massive cliff former,

molluscs and oncolites, dissolved and

3]

4

molds filled with dolospar, brownish gray
(5 ¥R £/1).

Interbedded carbonats mudstone and
calcareous shale, nudstone beds 2 - 7
cm thick, shale beds are approximately

3

0.5 cm, cliff former within arrove, slope

[N

former ocutside arroyo, the interval gets

e
=]

more fissile

4]

nd less resistant towards
the top, brownish gray (5 YR 4/1) to dark
gray (N3},

Carbonate npudstone, resistant

by

buttress fornmer, brownish gray (8 YR

arbonate mudstone, sandy resistant
cliff former, overhangs carbonate/shale

= - Py P A 2.9 A g e T, v o
uences Ln arreyo, dark yvellowish brown

Carbonate mudsione, shaly, fissile
texture, brownish gray (B YR 4/1).

Carbonate nudstone, sandy, resistant

2

cliff former, the upper 185 cm of the
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interval are thin bedded, 1

bt
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weathers to 0.75 cm diameter rounded

alcareous shale, wsath

reentrant.

Carbonate mudstons, massive,

buttress former, fossiliferous.
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$ede
@
)
ot
|

Lle texture, cave former

Wackestone, massive, calcitic

mollusc fragment molds filled with spar,

pelloids, medium dark gray (N4).

Carbonate mudstone, massive sandy

shale - like, weathers to a somewhat

fisslile appearance, bhecones

e 2
more issliuie

towards the top, 0.73 cm diameter bumps

scattered across weathered gu

«
R

r

faces,

calcitic, occasional fossils, including
oncolites.,

Calcareocus shale, transitional
bhed.

Carbonate nmudstone, 4 -

nterbedded with

[

mudstone

7 cnm beds of

calcarecus shale, some recrystallized

5

fossils, brownish gray (5 YR

brownish black (5 ¥R /1),

8]
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55,87 - 66.18 Packstone, massive, fossil hash of

nollusc fragments, ostracods, dolonmitic

bde

spar filled nmolds, algae, foraminiferas,

medium gray (N5).

£66.18 - 66.20 Calcareous shale.
566.20 - £56.178 Interbedded carbonate nudstone and

calcareous shale mudstone beds are

Y

resistant, i - 7 cm thick, shale

&

beds are fissile, thin, interval color

is
brownish gray (5 YR 4/1), weathers To
light grayv (N7).

56.78 - 686.87 Carbonate mudstone, less resistant
than underlying interval, shaly, pinkish
gray (5 ¥R B8/1).

£66.87 -~ 885.%0 Pellcidal wackestone, biotic

assenhlage Iis the sanme as in lowey beds

£6.380 - £7.54 Interlavered sandy fossiliferous
carbonate mudstone and gypsum, resistant,

overhangs underlying wackesione,
brownish gray (5 YR 4/1}, transitional

bed to Canas Member.

£7.54 - 77.18 Gyvpsum, bedded, resistant, forms block
¢ Y
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77.18 - 77.44 Calcareous siltstone, gypsiferous,

T7.44 —- 84.47 Sypsun, massive, bhedded, white to
grayish

84 .47 -~ 84.74 Silty rock, incompetent, westhers o
cave, gypsum velin distinct pale reddish

brown {10 R 53/4) to gravish red (10 R 4/2)

84.74 - 85.45 Gypsum, nasslive.
£8.45 - 85,83 Siltstone, incompetent, cave former,

fissile texture, mottled colors -~ dusky
vellow (8 Y 6/4), light olive brown (5 ¥V 4/4),

vellowish gray (5 Y 7/2), olive g¢gray (5 Y

85.83 -~ 85.88 Gypsum, white to light grav.

85.66 ~ 85.88 Siltstone, cave former, fissile, as fron

1<l
8]

.88 ~ 94,90 Gvepsum, nassive, bedded, blocky olifs
former.
©4.90 - 95.87 Siltstone, soft, reentrant forming,

gyvesiferous, greenish gray (10 GY 5/2).

25.57 - 110.15 Gypsumn, massive,
120.15 -~ 110.45 Calcareocus silt, incompeten reentrant



Le)
s

£

ormer grayish red {10 R 4/2) to dusky

yellowish brown {10 YR 2/2).
110.45 - 111.8% Carbonate mudstone, fairly resistant, is

Y

overhung by gypsum, thin 1 cm thick beds,
cccasional gypsum laminae within carpbonate,
upper 20 cm has 0.5 cm diameter dark
sphercids, color is generally grayish red (10

R 4/2) to dusky vellowish brown (10 ¥R 2/2),

the center of the interval is gray.

111.8% - 117.30 Gypsunm, massive, bedded, white *o gray.
117.30 - 117.41 Siltstone, fissile, approximately 0.3 o

0.8 cm thick gypsum interlaminations, sil

colored moderate yellowish brown (10 V¥R 5/4}).

117.41 - 119.08 Gypsum, detritus covered slope.

119.086 -~ 118.33 Carbonate mudstone, resistant, forms
rounded buttress overhung by gypsun, sandy,
slightly fetid, some recrystallized molluscan
fossils, colored dark vellowish brown (10 ¥R
4/25.

119.33 ~ 119.91 Laminated gypsum, 0.5 to 5 cm beds of
brownish black (5 YR 2/1) gypsum
interlaminated with 0.2 %0 0.5 cm beds of
white gypsum, less resistant *than overlving
massive gypsun.

116,81 - 121.85 Gypsun, massive, bedded.

122.85 ~ 121.80 Laminated gypsum, as from 119.33 to



i21.98

133.49

fas}
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112.91, less resistant than surrounding
gypsumn.

- 128,62 Gypsunm, massive, bedded.

MEMBER

- 131.98 Sandstone, weathers +to fairly massive

3

forms, thin, 1 +o 2 com

n thick beds, the rock is
somewhat incompetent, crumbles easily,
well sorted, carbonate cemented, moderste
reddish brown {10 R 4/4) to dark reddish brown

{10 R 3/4:}.

133.49 Gypsum, massive.
142.02 Sandstone, F

i42.29

[

45.

e

2

145.5

n
)
(8]

airly massive, thin bedded,
bedding thins towards the top of inx
perous, soft, weathers +o light gray (N7)
grayish pink (5 R 8/2)

Fa

Sandstone, fissile texture,

Sandstone, fairly massive.
Sandstone, less resistant, thin bedded,
overhu

ronung by more massive sandstone above.

Sandstone, massive clife former.,
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reddish brown (10 R 4745,
154.82 Sandstone, more resistant,
interval beslow in arrovyo.
i86.85 Sandstone, fissile slope former.
158.08 Sandstone, nassive osutcrop former,
fissile texture, but fairly resistan
158.85 Sandstone, slope former, fissile.
1806.94 Sandstone, rounded cliff former
reddish orange (10 R 8/8) in exposed outcrop.
i6l.48 Sandstone, reentrant former, fissle.
162.24 Sandstone, massive cliff former.
1686.8 Sandstone, fissile slope former

Sandstone,

Sandstone,

168.72 Sandstone,
168.94 Sandstone,
169.09 Sandstons,
170.25 Sandstone,
173.8686 Sandstone,

te

bedded slope former, =

Ll 4

resistant bead.

massive bed,
fissile,

fairly nmassive,

still slope former.

2

Bandstone,

174.35 Sandstone,
175.2¢ Sandstone,
1785.64 Sandstone,

fissile,
massive,
massive, thinner beds.

resistant,

8/1)

o
[}

overhangs

glope former.

iess fissile,

approximately 30 cnm

mottled



with grayvish orange (10 YR 7/4) and dusky

vellowislh brown {10 Y2 2/2)

[
=
n
o
i

)
(23
]
e}
[63]
gm.l
)]
]
]
[
1]
ey
O
5]
0
[y
1)
1Y
3
fx
L]
2
o]

i

Fh

Q

]
5
]
e

[y
]
n
[#3]
B

|
=
]
[+
o
e
[
]
o
O
i
]
ot
6]

o

O

6]

¥

Q

o

i

P 5 - . k4 £
; resistant, clifs

former, overhangs sandstone beneath, beds

{0

el

re
2 tc 6 cm, interbedded with gypsun laminse,
iight brownish gray (5 YR 6/1) on fresh
urfaces, weathers to light gray (N7).

i78.47 - 176.8 Interbedded carbonate mudstone and 1 con
and thicker bheds o= gypsun, carbonate nas
blocky appearance in outcrop, dark gray (N3)
fresh, light gray (N7) weathered.

176.8 ~ 180.85 Gypsum, bedded, massive, mottled shades
of gray.

GLORIETA FORMATION

180.68 ~ 187,85 Sandstone, slope former, well sorted,
carbonate cenented, color in outcrop varies
from white (Ng}] to grayish orange (10 YR 7/4°
to dark vellowish orange (10 YR 6/8), the
overall Impression is a buff color.

187.85 - 191.28 Sandstone, massive beds, cliff forpmer



0
o]

massive beds cropping out through slope.

SAN ANDRES FORMATION

202.99 - 207.0 Limestone, carbonate mudstone, nmassive
10 to 40 cm thick beds, cliff forner,
fossiliferous —-- melluscs, gastropods upR to I
cm in diameter, fresh color is medium gray
(N5}, weathers +to vellowish ray (& Y 7/27.
207.0 - 230.25 Carbonate mudstone, detritus covered
slope.
230.25 - 234.,0 Carbonate mudstone, massive cliff forner.
234.0 Erosional unconformity,
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STRATIGRAPHIC BECTICN II
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INTERVAL DESCRIPTION

o -~ 7.65 n Bedded gypsum, the basal 40 cm sre

i
o]
[N
t'D
o‘\J
a3

te reddish brown {10 R 4/8) to dark

reddish brown {10 R 3/4), above the 40 ocm

level, the gvypsum is nmottled very light gravy
(N8} to brownish gray (5 ¥R 4/1}.

7.65 - 12.0 Sandstone, well sorted, fairly competent
gypsiferous near the base, moderate reddish
brown {10 R 4/86).

12.¢ - 13.58 Sandstone, less competent, color changes
to nmoderate yellowish brown {10 YR 5/4).

13.8 - 16.5 Sandstone, alluvium covered slope former.

16.5 - 16.8 andstone, exposed outcrop, gvpsiferous.

16.8 - 18.58 Sandstone, slopes former, gvpsiferous.

18.5 - 21.24 Gypsum, bedded, cliff former, light grav,
contact with underliving sandstoneg is
approximate,

21,24 — 22.88 S8II-C4:

Carbonate mudstons, foss
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5 ~ 10 cw thick beds with thin shaly
interbeds, calcitic, cliff former, color
iz brownish gray (5 YR 4/1).
22.88 - 30.086 Sandstone, carbonate cemented, partially
slope covered nmoderate yvellow brown [10 ¥R
4/1) on fresh surfaces, very pale orange (10
¥R 8/2) on weathered surfaces.
30.06 - 38.6 S$8II-C3

SUBINTERVALS OF SSII-0C3:

20.08 - 33.3 Carbonate mudsitone, 5 - 10 c¢m thick
beds with thin shaly interbeds. soue
sand content in mudstone, <liff fornmer,
fogsiliferous -- recrystallized molluscs,
slgae, pellcidal in thin section,
weathers to small rounded bumps due to
fossils, colored grayish olive green (5
GY 3/2) to dusky vellow green (& GY 5/2)
with some darker moittled areas.

323.3 - 33.86 Carbonate nudstons with fissile

33.6 - 34.25 More resistant nudstone, somewhat
sandy, sligntly fetid.
34,28 -~ 3B.7 sSandstone, conmpetent, rounded cliff

former, gravish olive (10 Y 4/2) fresh,



)]

f

i
ey

W
0]

wd
[

ellow gray (8 Y

1)

suriacses ——
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towards the top,

brown (5 YR 3/4) fresh, dark yvellowish
orange (10 YR 6/6) weathered.
35.7 - 386.% Carbonate nmudstone, thin 0.5 to 2.0
cm beds, gvpsifercus near top of
interval, colored brownish gray (5 ¥R
4/1%.
END 8% 3
LB - 51.0 Gypsum, bedded, alluvium coversd from
43.5 - B1.0 m
B0~ 74,5 Sandstone, contact with underiving gvpsun
is approximate, falirly well scrted, slope
former, dark vellowish brown (10 YR 4/2)
fresh, gravish orange pink (& ¥R 7/2)
weathered, becomes fissile,more thinly
bedded at 81.5 m, from 64.5 to 6% m, the color
becomes nmottled gravish oranges pink and dark
vellowish orange (10 YR 6/6), the uppernmost
1.27 m is shaly, cave forming.
BT - T8, 8$81I~C2
SUDINTERVALS OF S8II-C2
74 .67 75.2 Carbonate mudstone, fissile beds low

L ~
O oz cm

gradzs from B



[
(9]

calcitic, ¢liff former, overhangs
underlying sandstone, fossiliferous ~-
contains pelecypods and gastropod
fragments, ifrace of aligae, coliored pale

vaellowish brown (10 ¥R &/2).

.37 Carbonate mudstone, shaly, cave

forming, gravish orange (10 ¥R 7/4%.

78.0 Interlayered carvonate mudsione and

calcarecus shale, mudstone is sandy,
bads are crenulated, nassive beds up o

10 - 15 ocm cliff former, fossiliferous at

fragments, gastropods, trace of zlgas,

color is moderate vellowish brown (10 YR

possibly underlain by sandstone or gyvpsum,
soil color is very light gray (N8) to gravish
orange (10 YR 7/2), covered by fossilif

. . - PR |
carbonata flioat, carbonate colors are

)]
-
b
54
o]
h
51

esh surfaces, and pal

i
=
L]
fod
foud
Q
o
&4
o
.
i

{10 ¥R &/2) weathered.
Gvpsun, exposed outcrop, mottled gravish

orange (10 YR 7/2) to light grav.



100.5 -~ 107.5 Gypsun, exposed outcrop, bedded, stained
grayish orange pink (10 R 8/2), section here
is folded and structurally sltered, perhaps
due to soliution collapse measurements are
approximate,

107.5 - 113.3 Sandsione, somewhal competient, rounded
buttress or slope fornmer, fair to poor
sorting, coclor is very pale orange {10 YR 8&,/2)
to gravish orange {10 YR 7/4).

113.3 - 114.3 Gypsum, massive bedded.

114.3 - 1lg.582 S8II-C1

SUBINTERVALS OF 3s8II-C1

4

1
(3
128

k4
;.3 —- 116.

AN
™

Carbonate nudstone, massive cli

former, thin bedded, sandy, fetid,

contains

2
o
[

luscs, gastropods, ostracods,

possible burrows, dark vellowish brown

N

{1C ¥R 4/

Y -
£

', occasional 0.5 to 1.0 onm

™3

interbeds of less sandy, nore competent

EY
carbonate mudstone with a2 cryvstalline

appearance, interbeds are colored

brownish gray (B YR 4/1) to olive gravy (5
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overhangs the underliving lay

crystalline appearance, fetid,

osgilifercus ~- mainly mollusc fragments
and ostracods, the rock is approaching a
wackestone, brownish black (B ¥R 2/1)

Wackestone, competent cliff former,

sandy, fosslils zre

(10 R 2/2) to medium light gray [N8)

Calcarecus shale, filessile texture,
slope former, fossilifsrous -- mollusc
fragments, gastropeds, poussible traces of
algae and foraminifera, fresh color is
brownish black (YR 2/1), weathers to
Jight brownish gray (5 ¥R £6/1).

Carbonate nmudstone, nmassive
resistant bed, crops out through shaly
slope, fossiliferous, brownish black

¥R 2/71) to olive black (53 ¥ 2/13

Interbedded fisslile, pale vellowish

brown [10 YR 5/2) mudstones and fissile

brownish black (5 YR 2/1}) calcareous
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to 1.0 om
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thick, contalins mollusc fragments,

gastropoeds, possibly a trace of
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2.44 Interbedded sandstone and shale,
sandstone beds hecome more nmassive near the

top of the interval, reaching 10 cm thick,

pale vellowish brown (10 YR 6/2}.

&

119.54 Pissile sandstone, cave forming.

fo
Bt
Ls]
n
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ot

.8 .87 Massive sandstone, pale yellowish brown
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{10 YR 8&/2}.

20.07 Incompetent sandstone, cave forming.

17 Resistant sandstone, overhangs cave
beneath.

23 Loose, Iincompetent sand, weathers to

reentrant.
20 Resistant sandstione.
34 Incompetent shaly/sand horizon,

reentrant forming, gvpsiferous on weathered
surface.

44 Resistant sandstone.

g2 Incompetent shaly/sand horizon

resntrant forming, gvpsiferous on weathered

surface.
74 Resistant sandsione.
17 Incompetent sand horizon, westhers to
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- 130.84 Gypsum, bedded, zan be exposed as nmasslive

3\,«1
(6]
)
[e]

0o o- 131.17
17 - 148.85
& - 180.0
O - 183.¢

buttresses or weather to a slope, fresh color
is very light gray (N8), wsathered slope
surficial colors are light brownish gray (5
YR 8/1) to gravish orange {10 YR 7/4;.
Inconpetent sandy siltstone, with 2 cm

thick interbeds of white, crystalline gypsunm,

o
fote
[
et
0]
et

one is mottled vellow, gravish orange

e
&

£

10 ¥R 7/4) to noderate vellowish brown (10 Y7

kY

L.
-
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Ejfj‘é:ja

Incompetent sandy s
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gray (5 GY &/1}).

Gypsun, bedded, generally a slope former,

fode

with occasional 1 m cliffs of massive gypsumn

13iff of massive gypsunm.

Gypsum, slope forner.

Carbonate mudstone, resistant cliff
former, beds are 2 to 10 com thick, thinning
towards the top of the interval, Iinterbedded
with gypsun.

Gypsum, bedded.

Gypsum, thin bedded, 0.2 to 1.0 cm beds

of alternating nediunm dark gray (N4) and
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gravish orange (10Y¥YR 7/4} cr light grav.

168.55 ~ 182,856 Sandy incompetent rock, resentrant
forming, gravish green.

iB88 .88 ~ 1£8.8 Gypsun, fine beds 1.0 to 1.5 cm thick,
alternating light and dark gray beds.

168.8 ~ 188.88 Sandy, gyvpsiferous material, gravish
crange {10 YR 7/4;) to moderate yvellowish brown
{10 ¥R 5/47}.

168.88 - 16%3.01 Carbonate nudstone, sandy. fetid, variocus
colors: dark yvellowish brown {10 ¥R 4/2) or
light brownish gray (&8 YR &/1) fresh, dark
vellowish brown (10 YR §/2) or light olive
gray (5 Y 5/2) on weathered surfaces.

1692.01 - 169.5 Gypsunm, bedded, very light gray.

168.5 - 169.8 Interbedded gypsum and dark yvellowish
brown carbonate mudstone, beds are 0.5 to 2.0
cm thick,

189.8 - 179.25 Gypsum, bedded, Iinterbedded 15 cm massive

%

bedes with I cm thin beds.

fe

k-

P
wd
0
%]
o
t
fud
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R3]
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{lower contact is approximate)
Sandstone, falr to poorly sorted,
carbonate cemented, slope former with sone

beds creopping out, slope covered witl

a4 .

ium, color is nmoderate reddish brown (10
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55 ~ 194.75

75 ~ 195.15

15 - 1885.75

[AV]
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75 — 236.6€3

63 —~ 237.28
25 ~ 237.38

R 4£/58) to moderate vellowish brown (10 YR

Sandstone, resistant npassive buttress

Sandstone, fissile weathers to cave.
Resistant sandstone, massive outcrop.
Less resistant sandstons, cave forner
Resistant sandstone, bulttress fornmer.
Less resistant sandsitons, cave former.
Massive sandstone.
Sandstone, poorly sorted, forming
alternating =1iff and sliope outcrop patiterns

low in

t
by
wm
fte
3
rr
0
51
<4
o
g.a

%

beds are 1 to 5 cm thicl
the interval turns to unbroken slope from the
middle to the top, the sandstons becomes
fissile near the top of the interval.
Massive resistant sandstone ouicrop.
Sandstone, fisslle slope former.

Resgistant sandstone, nmassive cliff

former.

L% |

Flesile sandstone, slope former with sonme
sandstone cropping out.
¥Massive sandsione oulcrop.
Gypsun, beddsd, massive cliff former.
Carbonate mudstone, olive gray (5 ¥ 4/1)

on fresh surfaces, weathers to light olive
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gravy (B8 ¥ 5/2}.

237.33 - 239.15 Gypsun, bedded.

239.18 - 23%.4 Thinly interbeddsd carbonate nudstone and
gypsum mudstone in 0.5 to 1.0 cm beds, the
interval appears laminated.

239.4 ~ 243.85 Gypsum, bedded.

GLORIETA FORMATION

243,85 - 2B5.8E Sandstone, well sorted, carbonate
cemented slope former with cccasionsl & onm
thick beds exposed through the float, color is
buff to very pale orange (10 YR 8/2) to dark
vellowish orange (10 YR 8/86).

256.88 - 2&81.75 Sandstone, bedded, nassive cliff former.

261.75 - 264.75 Sandstone, sliope former.

264 .75 - 266,25 GCarbonate mudstone, sandy, blocky
weathering, greenish black (5 G 2/1) fresh,
weathers To noderate vellowish brown {10 ¥R
5/4).

266.25 - 287.2 Carbonate mudstone cropping out through
glluviun covered slope,

287.2 - 270.75 Slope underliain by sandstone {lower
contact is approximate).

270.785 ~ 272,18 Resistant sandstone, cliff former.
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SAY ANDRES FORMATION

272.18 ~ 273.7%& Limestone, resistant c¢liff former, clean,
ilocally fossiliferous mudstone,

273.75 - 288.4% Carbonate nmudstone, slope former.

288.49 ~ 291.78 Carbonate mudstone, resistant cliff
former.

281.75 - 284.75 Carbonate nmudstone, slope former with
some resistant beds cropping out through the
slope.

294,78 ~ 304.85 Carbonate nmudstone, forms unbroken slope.

204.95 -~ 308.58 Carbonate nmudstone, resistant cliff
former.

€3]
[
&3]
4]
[47]
I
{2
bl
o
]
{n

Carbonate mudstone, slope fornmer.

L]
S
{5t
g
i
I
O3
3%
[
g
o

Carbonate mudstone, slope former with
some resistant outcropping beds.

324.75 Erosional unconformity.
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CARBONATE PETROLOGY AND BIOTIC ANALYSIS

The sample labeling scheme is in ascending stratigraphic

order. U"SSI" precedes a sanmple nunber that comes from

e

tratigraphic Section I, and "SS8II" precedes 2 sample nunmber

from Stratigraphic Section II. For example, 83I-1 denotes the

lowast sanpls taken in S51. S3I-2 is the next
stratigraphically higher sanple, et cetera, Anomalous beds

ware samnpled and labeled with a letter following the number of

[

the sapple immedistely below —- sample SS8II-3a is an anomalious

L]
o

Chidd

bed between £8171-3 and SSII-4. As stated in the text, sanmpl

were taken at arbitrarvy 0.5 m intervals

of the total peoints, Durham and Folk rock names, and
additional comments. The slides were stalined with Allzarin
Red-S {ARS! to facilitate ldentification of dolomite. 500 to
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STRATIGRAPHIC SECTION T

538I-C4

BET 1
POINT TYPE POINTS COUNTED PERCENTAGE
Fossil mold 5 0.83 %
Ipar 4 C.67
Mud/Micrite 391 55.3
Microspay 188 233.2
Total points = 589
Dunham: Mudstone Folk: Micrite
Dolonmitized, blocky cement.

83I-2
POINT TYPE POINTS COUNTED PERCENTAGE
Fossil mold 2 0.33 %
Gypsum velin £il3 7 1.2
Mud/Micrite 304 50.7
Microspar 287 £47.8
Total polints = 598
Dunham: Mudstons Folk: TFossiliferous micrite
Fossil melds filled with delospar, rare gralns of ARS stained
calcitic spar, cement is eguant and intergranular, possible
algal strand
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§S8I-4
POINT TYPE POINTS COUNTED PERCENTACGE
Mud/Micrite 228 37.85 %
Microspar 377 $2.5
Total points = 603
Dunhaxn: Mudstone Folk: Microspar nicrite
Dolomitized, coarse nicrospar nmottled with micrite, < 5§ % ARS
stained calcite, blocky, eguant, intergranular cement.

s$8I-5

POINT TYPE POINTS COUNTED PERCENTAGE
Opague i G.17 %
Spar 2 $.33
Mud/Micrite 3058 50.7
Microspar 293 48.8
Total points = 6Q1L
Dunham: Mudsitone Folk: Microspar micrite
Dolomitized, honogenecus mud, smaller grain size than 58I-3.
pague grain may be iron mineral, ARS stained calclitic vein

L

o
fill, equant, blocky, intergranular cenment.
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POINT TYPE POINTS COUNTED PERCENTACE

Gastropod 2 0.33 %

Mollusc 7 1.2

Algae 4 2.867

Opague 3 0.5

Gypsun b 0.17

Spar 8 1.G

Mud/Micrite 374 52.2

Microspar 204 33.8

Total points = 801

Dunham: Mudstone Folk: TFossiliferous microspar micrite

NDolomitized, fossil mnolds filled by dolospar, some fossll

molids still as veoid space, possibly burrowed, possible
et inid forawm, blocky, equant, intergranular cement.

381I-C3

Mollusc 3 0.5 %

Opague 1 0.17

Gypsun 7 i.2

Spar g %.0
Mud/Micrite 3€e2 80.7

Microspar 217 36.4

Total points = BOE

Dunham: Mudstone Folk: Microspar micrite

Dolomitized, gYPSun 88 vein £i14, egquant, Llocky,
intergranular csment.
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POINT TYPE POINTS COUNTED PERCENTAGE

Spar
Mud/Micrite
Microspar

0.38 %

44 .7
5.0

[\

[x%]
0o b

oM

Dunhan: Mudstone Folk: Microspar-micrite
Dolomitized, vaggy, possible algase and fossil mold casts, < L
% stained with ARS. eguant, blocky Iintergranular cement.

€8I-11
POINT TYPE POINTS COUKTED PERCENTAGE
Fossil nmolds 1 . %
Cpague .37
Py@g am

Spar
Mud/Micrite
Microspar

el
DD ON

2 {2
(o1 B Te e I 88

[N

Dunham: Mudstons Folk

Dolonitized, vuggy. fossil 73 g ¥ fra g
£illed with dolospar, ke t s, sig o
burrowing, sewirled sedinment, Dblocky, eguant, Intergranulsay

cemnent.
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PCINT TYPE - POINTS COUNTED PERCENTAGE
Gastropod 3 0.5 %
Mollusc ig 2.7
Algse 2 0.33
Cpague i 0.17
Gynsun 26 £.3
Spar 3 0.5
Mud/Micrite 503 83.7
Microspar 47 7.8
Total points = 601

Dunham: Mudstone Folk: Possilifercus micrite

Dolomitized, gypsum
molds and fractures.

58I-14a
POINT TYPE POINTS COUNTED
Opague 1
Gypsun g
Spar 17
Mud/Micrite 333
Microspar 2471
Total points = 600
Dunham: Mudstone Folk: Microspar-mi

laminated mud, blocky,

filled pore spaces,
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eguant,

dolospar f£illed fossl
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o
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intergranviar
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58I-15

POINT TYPE POINTS COUN
Mollusc %
Algae 1
Gypsum i
Spar &
Mud/Micrite 280
Microspar 369
Total points = 501
Dunham Mudsione Folk: Micr
Dolomitized, fossil wmolds £3
laminated -- lavers of mud/
coarsey microspar, blocky, egua
$8I-18
POINT TYPE POINTS COUN
Gastropod
Mollusc 5]
Ostracod
Cncolite 8
Foraminifera

Algas

010 2 B3 03 & 00 1 D in

Pellioids 2
Spar 1
fud /Micrite 23
Microspar 5
Total points = BLO

Dunham: Packstone Folk: 2
Dolonitized, oncolite hash 1
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S8~ 198
POINT TYPE POINTS COUNTED PERCENTAGE
Gastropod 2 0.33 %
Mollusc i6 2.6
Algae 3 0.5
Ostracod 2 0.33
Fosgil grain 1 0.17
Spar i1 1.8
Mud/Micrite 482 79.5
Microspar 89 14.7
Total points = 606
Dunham: Mudstone Folk: PFossiliferous nicrite

NDolomitized, fossil molds and fractures 1l

racture fill crystal size grades from sma
edge to center of the frac e, fossils ©
bedding.

ed with dolospar,
to large from the

11
riented parvallel o

w. fod l-..J

38I-20
BOINT TYPE POINTS COUNTED PERCENTAGE
Gastropod i .17 %
Opagus 1 .17
Spar i5 2.3
Mud/Micrite 303 50.5
Microspar 280 46.7
Total points = GOC
Dunhan: Mudstone Folk: Microspar-micrits
Nolomitized, fenestral void spaces filled with deolomitic and
calcitic spar, scattered grains of calcitic spar, eguant,
mlocky cement.
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POINT TYPE POINTS COUNTED PERCENTAGE
Mollusc £ C.687 %
Bone/Fish teesth 5 0.83

Spar 2 0.33
Mud/Micrite 338 5.3
Microspar 251 41.8

Total points = 500

Dunham: Mudstone Folk: Fossiliferous nmicrospar-micrit

Dolomitized, fractures lined with dolospar, possible bone
fragments, blocky cement.

POINT TYPE POINTS COUNTED PERCENTAGE
Spar 2 0.33 %
Mud,/Micrite 153 25.4
Microspar 447 4.3

Dunham: Mudstone Folk: Micrite-microsparite
Dolomitized, lanminated mud, Dblocky dolospar cement lining
pores, occasional calcitlic grains.
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[9}]

581-23
POINT TYPE PCINTS COUNTED PERCENTAGE
Gastropod 3 0.5 %
Mollusc 108 iB.0
Pelloid 23 3.8
Opague 4 0.867
Intraclast 13 2.17
Gypsum 5 0.83
Spar 69 i1.58
Mud/Micrite 332 55.3
Microspar 43 7.4
Total points = 600
Dunham: Wackestone Folk: Sparse biomicrite
Dolomitized, fossil replaced Dby dolospar with wmicrits
envelopes, contains possible intraclasts.

28I-24

POINT TYPE PQIXNTS CQOUNTED PERCENTAGE
Eypsun 2 0.33 %
Spar g 1.0
Mud/Micrite 381 63.5
Microspar 213 35.2

Total points = 800

Dunham: Mudstone Folk: Microspar-nmicrite

Dolomitized, homogeneous mud with calcitic spar and microspar
up te 5 %, fenestral voids oriented parallel to bedding.
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POINT TYPE POINTS CDUNTE] PERCENTAGE

Mollusc
Mud/Micrite
Microspar

[N
O
o 00O

Total polints = 600

Dunham: Mudstons Follk: Fossilliferous micrite

Tolomitized, laminated mud, flattened bubble-like volds lined
with equant dolospar, mollusc fragmenis << 1 mm ith micritic
rim and delonmicrospar £ill, trace of ocpague grains.

POINT TYPE POINTS COUNTED PERCENTAGE
Gastropod 7 1.2 %
Mollusc 57 3.5
Foraminifers g 1.0
Algae 2 G.33
Ustracod 4 0.687
Bons Z 0.33
Pelloid 18 3.0
Dpaguse 1 0,17
Spar 64 i¢.8
Mud/Micrite 302 50.3
Microspar 137 22.8
Total peoints = BO0

Dunham: Packstone Folk: Sparse blo-microspar-micrite
Dolomitized, fossill fragment hash, maximuw individual size ig
0.8~1.0 cm, molds filled with Zdoliospar, some burrowing.



POINT TYPE POINTS COUNTED FPERCENTAGE
Gastropod 2 0.5 %
Mollusc 23 3.8
Oestracod 0 1.7
Oncolite i 0.17
Alyeae i 0,17
Amber grains 4 0.87
Pelloids 36 8.0
Gvpsum L c.17
Spar 43 6.8
Mud/Micrite 419 89.8
Microspar 51 0.2

Total points = G600
Dunhan: Pelleidal wackestone Folk: Sparse bilomicrite

Dolomitized, laminated, fossil fragment hash, fragnent slize up
to 1 mm, ostracods arse approximately 0.4 mm, trace of ARS
stained calcite, amber grains are possibly bone or conodonts.

Hy



DOINT TYPE POINTS COUNTED PERCENTAGE
Gastropod A7 0%
Mollusc 3 .
Ostracod

\z

1
Algas

3 .
Anber gralns

™ -
Pellcoid

N O]

00 R b ad e (10D PO
B IR OO O OO MO

Wl B O L B R YO0 0D

Opague 17

Gypsun .33

Spar € 11,

Mud/Micrite 20 87,

Microspar 7 12.

Total points = €00

Dunham: Fossiliferous nudstone FPolk: TFossiliferous nmicrite
NDolowitized, fossil hash of small fragments -- 0.1 mm te 1.5
mm, laminated, burrowed, fractures filled with dolospar, anmber
graine may be bone, fish teeth, and/or concdonts, round void

b ] 1

paces, blocky cement.



POINT TYPE POINTS COUNTED
Pelloid 18%
Opague 15
Mud/Micrite 107
Microspar

Spar

m -1
Total

700

points

Pelloidal wackestone

Dolomitized, blocky, eguant
arcund neomorphosed pellets,

n

8IIi-2

POINT TYPE

E PR

FOLXK:

cement,

COUNTED

L23
Iz
PERCENTAGE

26.8 %

2.1

15.3

42.8

13.4
Sparse pelnmicrite
eguant cement in laver

PERCENTAGE

Mollusc 3

Pelloids 8

Opague 9

Sypsum i8

Mud/Micrite 171

Microspar 343

Spar 48

Total points = 500

Dunham: Mudstone Folk Fossiliferou
Dolomitized, blocky, eguant rim cement,
replaced with dolospar, gypsum as and fracture
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POINT TYPE POINTS COUNTED PERCENTAGE
Mollusc i2 2.0 %
Gastropod & 0.83
Feraminifers 3 0.5
Ostracod 2 0.3
Llgae 3 C.B
Pelloids 14 2.3
Gypsum 37 6.2
Mud/Micrite 179 29.8
Microspar 308 50.5
Spar 20 5.0
Total points = 588
Dunham: Fossiliferous mudstone Folk: Possiliferous micro-

gparite

Dolomitized, blocky, eguant cement, gypsun as fracture
fosgils replaced with dolospar.

28I1-03

S8II-4
POINT TYPE POINTS COUNTED PERCENTAG
Mollusc 1 C.17 %
Palloids 122 20.3
Opague i& 2.3
Cypsnm 2 0.3
Mud/ Micrite 109 i8.2
Microspar 3.2 52.0
Spar 40 5.7
Total points = 800
Dunham Pelloidal wackestone Polk: Sparse pelinicrosparits
Dolomitized, eguant cement, gypsum as fracture £111, so
pellecids mav be ooids, rare mollusc fragments.
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S8II-8
POINT TYPE POINTS COUNTED PERCENTAGE
Opague 12 2.0 %
Mud/Micrite 306 51.0
Microspar 282 £7.0
Total points = 600
Dunham: Mudstone Folk: Opague-micrite
Dolomitized, some faint horizontal lamination.
S8II-8
POINT TYPE POINTS COUNTED PERCENTAGE
18 3.0 %
230 38.4
351 58.6
= 599
Dunham: Mudstone Folk: Opague-microsparite
Dolomitized, blocky, eguant cement, some lamination,

DUrroOws.
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POINT TYPE POINTS COUNTED PERCENTACE
Mollusc & 1.0 %
Gastropod 2 0.34
Pellolids 25 4.2
Dpague 8 1.4
Cypsun 3 G.5L
Mud/Micrite 341 57.8
Microspar 262 34.2
Spar 3 0.51
Total points = 53O
Dunham: Mudstone Folk: Pelmicrits
Dolomitized, some rare calcitic grains, bladed and blocky cemne
gypsum as fracture f£ill, dolospar fills wvolids and replaces so
£ the fossil grains, general pelloidal appearancs.
38II-12
POINT TYPE PCINTS COUNTED PERCENTAZE
Opague 5 0.8 %
Mud/Micrite 384 89,0
Microspar 238 38.7
Spar 1 0.5
Total points = 500
Dunham Mudstone Folk: Micrite

Dolomitized, equant cement, lanminated -- light colored la
arve microspar, darker bands are micrite, opague mineral ¢
found along contact between coarse and f{ine lavyers, "micro

could contain a large percentage of gypsum.
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POINT TYFPE POCINTS COUNTED PERCENTAGE
Mollusc 2 £.34 %
Pelloid 38 5.4
Cypaum 57 2.8
Mud/Micrit 240 £G6.3
Microspar 258 453.58
Total points = 596
Dunham: Mudstone Folk: Pelmicrosparite
Dolomitized, gypsunm as fracture fi1ll, mottled appearance, mollusc

fragments.

381114
POINT TYPE POINTS COQUNTED PERCENTAGE
Opague i 2.8 %
Mud/Micrite 233 37.¢%
Microspar 349 56.8
Spar 1€ 2.8

Folk: Microsparl

Do

i,a.

cnitized, possible burrows,

ot
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I]IT-18
POINT TYPE POINTS COUNTED PERCENTAGE
Mollusc trace << 1 %
Opague 4 0.87
Mud/Micrite 238 39.7
Microspar 358 58.3
Spar 3 .5
Total points = 501
Dunham: Mudstone Folk: Microsparite
Nolomitized, blocky cement, rare ARS stalined calcitic gral

I BT . I A e
rare, very smna.l DNoLlusc gh&ﬁ»‘;@ba

Dolomitized, ARS stalned
nossible : and
gypsum.
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POINT TYPE POINTS COUNTED
Mollusc

Opague
Gypsum

s (O O )

Mud/Micrite i3

Microspar 44

Spar i

Total peints = 600

Dunham: Mudsione Folk: Microsparite

PERCENTAG

%

@

Y

a3 {2

- DO
PG RO O

3

(OGRS

Dolomitized, bhlocky cement, nmottled appearance, some
calcite, molliusc ghosis.

S8II~-18
POINT TYPE POINTS COUNTED PERCENTAG
Mollusc trace << 1%
Opague 2 0.3
Mud/Micrite 283 £7.2
Microspar 307 5.2
Spar g 0.3
Total points = 600
Dunhan: Mudstone Polk: Microspsrite
Dolomitized, Yblocky c¢enment, calcitic grains < b
appearance, rarve mollusc ghosts replaced by umicrospar
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POINT TYPE POINTS COUNTED PERCENTAGE
Cpague g 1.1 0%
Mud/Micrite 188 32.8
Microspary 360 63.2
Spar i8 3.2
Total points = 570
Dunham: Mudstone Folk: Microsparite
Dolomitized, blocky cement, laminated.

38II-20
POINT TYPE POINTS COUNTED PERCENTAGE
Mollusc 7 1.0 %
Gastropod 7 1.0
Ostracod trace << 1
Poraminifers 1 0.14
Algas trace << 1
Pelloid 2 0.3
Opague Trace << 1
Cypsunm 3 .5
Mud/Micrit 325 45.4
Microspar 317 £5.3
Spar 38 5.4
Total points = 700
Tunham: Mudstone Folk: Fossiliferous microsparite

Dolomitized, blocky cement, general appearance of
microspar mottled with mud, mollusc and ostracod
replaced by dolospar with possible micrite rims, fossll
to 2-3 mm in length.




POINT TYPE DOINTS COUNTED PERCENTAGE
Mollusc 18 2.7 %
Gastropod i 0.17
Dstracod 3 0.5
Opague 4 0.67
Mud/Micrite 448 T4.7
Microspar 117 19.5
Snar 11 1.83
Total points = 600

Dunham: Mudstone Polk: Fossiliferous nicrite

laminated wmud, spar and microspar filled vugs
cement, mollusc fragments up to 5 mm.

POI

OINT TYPE POINTS COUNTED ERCENTAGE

el

Mollusc 17 2.8 %
Gastropod i 5.17
Cstracod 1 0.17
Opague 11 1.8
Gypsun & 1.0
Mud/Micrite 424 76.7
Microspar 101 i8.8
Spar 39 5.5
Total points = 600

Dunham: Mudstone Folk: Fossiliferous micrite
Dolowmi &, vugs and fractures filled with dolospar
o 4

itize i
neral, opague grains are up to .5 @mm.

ot

I



S8II-23
POINT TYPE POINTS CQOUXTED PERCENTACGE
Mollusc 18 2.7 %
Ostracod 1 0.17
Upague 4 0.7
Gypsunm i1 i.8
Mud/Micrite 4214 70.2
Microspar 145 24.2
Spar 2 0.33
Total points = 800
Dunham: Mudstone Folk: Fossilliferous micrite
Dolomitized, blocky cement, vugs filled with gypsum or dolospar,
fenestral appearance, possible burrows.

S81I~28
POINT TYPE POINTS COUNTED PERCENTAGE
Mollusc 2 0.34 %
Opague 1 .17
Mud/Micrite 382 63.7
Microspar 218 35.8
Total points = 800
Dunham: Mudstone Folk: Dismicrite
Dolomitized, wvuggy, ARS stalined calcitic grains approximately
%, moliusc ghosts,
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POINTS COUNTED

rg
o
o
5
b
=
+
X W
)
b

Mo i8 3.0

Ca ] .5

Al 1 0.17

op 2 0.87

Mu 280 41.7

Mi 318 52.7

Sp 8 1.3
Total points = 800

Dunhanm: Mudstone Folk: Fossiliferous microsparite
Nolomitized, blocky dolospar f£ills pore spaces and
fossils, three to four individual types of mollusc
ohserved, sone fossil molds replaced with & ingle

optically continuous dolospar.

S5II-31

POINT TYPE POINTS COUNTE PERCENTAGE

Mollusc g 1.3 %
Gastropod 1 0.17
Forazinifers 1 0.1.7
Palloid i 0.17
Gypsun 12 2.0
Mud/Micrite 341 56.7
Microspar 234 38.9
Spar 3 0.5
Toetal points = 60%

Dunham: Mudstons Folk: Fossiliferous aicrite

Dolomitized, vuggy pore space constituting approxinmately
% of the sample, fractured, wge and  fractures fill
gypsum, ge@e*ai appearance is m@ttled rock looks as
have been pelloidsl llusc fragments, burrows.
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EXPLANATION OF TERMS AND SYMBOLS

- lron ore

Pyroxene syenodiorite dikes and sills * - | Tertiary

Jones Camp Dike “undifferentiated”

Ps San Andres Formation

Ps | Glorieta Formation

Yeso Formation

Joyita Member
Canas Member Permian
Torres Member [sandstones, siltstones, and gypsum|

Torres Member Carbonate 1

Torres Member Carbonate 2 - Carbonate 4

Torres Member Carbonate 3

—

——— — " Contact, dashed where approximate, dotted where inferred

12, Strike and dip of bedding

y Fault showing direction of displacement

Geology by Jenkins [1985] and Bickford (1980)

Carbonate identification by Reid Allan, 1988
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rate 2. GEOLOGIC MAP OF THE JONES CAMP DISTRICT, SOCORRO COUNTY, NEW MEXICO.
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PLATE 3: GEOLOGIC CROSS SECTIONS
SCALE: ONE INCH = 400 FEET
(AFTER JENKINS, 1985)

SEE PLATE 2 FOR COLOR SCHEME
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