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I. INTRODUCTION

1 2

by Chr1stopher D. Henry™ and Anthony W. Walton

SCOPE OF INVESTIGATION

Silicic igneous rdcks’are relatively rich in nranium; both granites
’(plutonic)'and rhyo]ites (volcanic and volcaniclastic) have been consi- -
‘dered.sources‘of‘uranium for some sandstone deposits. Uranium in sand-
stbne‘deposits of the Texas Gulf Coast is prdbab]y derived from vo]canic'
~ash incorporated in the sediments (Galloway, 1977). 1In turn,'the‘vo]—
canic'ash is pnobably derivéd from a belt of rhyolitic volcanoes active
during the Midd]é Tertiary in western Mexico and Trans-Pecos Texas. It
therefore seems appropriate to examine the volcanic sourée rocks to de-
términe whether uranium deposits could form in them or from unanium def'
' rived from them.

The importance of,rhyo]itic volcanic rocks and volcanic centers is
particularly underscored by the discovery of major uranium deposits in
the Sierra Peﬁa‘Blanca,. Chihuahua, Mexico. The uranium deposits are
in rhyolitic ash-flow tuffs and vo]canjc]astic'sediments. Chapter IX
by Goodell and others reports on the first detailed study of Pefa
Blanca.

Most of’this study focused on the Chinati Mountains‘volcanic center

and associated volcanic and volcaniclastic rocks in Trans-Pecos Texas

1Bureau of Economic Geology, The University of Texas at Austin.
Department cof Geo]ogy, University of Kansas, Lawrence.



V(figs 1). The initial purpose of this project was to investigate the
Tascotal Formation, a thick sequence of tuffaceous sediment and minor
'éir—fall tuff, as a possible source or host for uranium mineralization.
The,prOject examined the kinds of'sedfméntary déposits within the Tas-
cotal, the sedimentary processes that acted to form the deposits, and
the effect of -diagenesis on volcanic glass and uranium contained withfn
the glass in the sediments. A general model of sedimentation and ura-
~nium mineralization app]icab]é to'other volcaniclastic sedimentary de-
posits is reported in seVera] chapters by Walton or in the chapter by
Jordan.» A]so; Robinsbn (chapter V) describes Timestones deposited in
-shallow lacustrine environments within the Pruett Formation, a volcani-
cTastic sequence older than the Tascotal Formation. A lacustrine en-
virdnment isjnot found in the Tascotal, and uranium mineralization is
associated with the Timestones.

ATthough much of the ihvestﬁgation focused on the Tasco£a1 Forma-
tion, we recdgnized that the volcanic source area ffom which the Tas-
cofa1 was derived,'the ignedus rocks of the source area, and the pro-
cesses acting on them could be equally important in thé‘formation of

_uranium deposits. The source of the Tascotal had not previously been
a.subjett of thoroughvinvestigation, but several Tines of evidence, in-
cluding fegiqnal distribufibn, clast composition, and sedimentary struc-
tures, indicate that the‘Tascota1 Formation is derived from the Chinati
‘Mountains. | | |

Deriyation of the Tascotal Formation from the Chinatis is consis-

tent with general geo]dgic_ke]atiohships also. The Chinati Mountains
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Figure 1. Generalized geologic map of part of Trans-Pecos Texas showing
distribution of formations discussed in text and sample locations.
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are the major vo1canic center of Trans-Pecos Texas and are probably

the source for volcanic sediments in addition to the Tascotal. Through
‘much of its outcrop area the Tascotal Formation overlies the Mitchell
Mesa Rhyolite, the largest and most widespread ash-flow sheet of.Trans-
Pecos. In fact, the Tascotal js de%inéd as the tuffaceous sedimentary
sequence that overlies the Mitchell Mesa. Several people have pro-
posed that the‘Mitche11 Mesa was erupted from the Chinati Mountains
(Burt, 1970; Cepeda, 1977).

Because the Chinati Mountains are the source area for both the
Tascotal and Mitchell Mesa Rhyolite, a thorough investigation of the
genetica]]y related igneous rocks within or derived from the Chinatis
was undertaken. Of particular importance was investigation of the
effect on uranium of the differeﬁt prdcesses that affect a volcanic
rock from magmatic differentiation and eruption to cooling and recent
weathering. In the text of this report many of the post-eruption pro-
.cesses, for example, devitrification of an ash-flow tuff, are loosely
termed "alteration” even though devitrification and other processes
commonly act upon most ash-flow tuffs.

In addition to the Tascotal Formation, the following rock types
were investigated: the A]]en Complex, MitcheT] Mesa Rhyolite, Chinati
Mountains Group, and Santana Tuff.

The Chinati Mountains include several older sequences of volcanic
and intrusive rocks including the Allen Complex and Shely Group. These
rocks are exposed at the northern end of the Chinatis in the Pinto Can-

~yon area. The Allen Complex consists of numerous shallow intrusions
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and lava flows of rhyolite. Investigation of the Allen Complex is

: »particu]arly important because it contains numerous small concentra-
‘tions of uranium thgt have recently been investigated for possible
eéonomic-grdde depo;its (Reeves and otheré, 1978).

The Mitchell Mesa Rhyolite is the major ash-flow tuff of Trans-
Pecos Texas and is derived from the Chihati Mountains. Evidence for
this assertion iné]udes,regional distribution, thickhéss, and eleva-
tion of the Mitche11 Mesa (Burt, 1970) and’simi1arities in petrochem-
istry and age between the Mitchell Mesa and rocks of the Chinati‘Moun—
tainsv(Cepeda, 1977). Additional evidence ié discusséd in more detail
by Burt'and Cepeda. The Mitchell Mesa Rhyolite directly underlies the
Tascotal throughout the outcfop area, and the Tascotal is in part de-
rived from the Mitchell Mesa. Upper nonwe]déd parts of the Mitchell
Mesa were eroded and‘redeposited as tuffaceous sediment in the basal
part of the Tascotal. The Mitchell Me§a was investigated to see if a
variety of prbcesses that commonly act upon an aéh-f]ow tuff could re--
lease or redjstribUte ufanium. Thus the Mitchell Mesa.cou1d be asource
'for uranium concentfation either within the Mitche]] Mesa or within the
Tascota] or other tuffaceous sediments.

Eruptidn of the Mitchell Mesa produced the Chinati Caldera which
was subsequentTy fi]]ed by volcanic rocks of the Chinati Mountains
Group (Cepeda, 1977). The Chinati Mountains_Group conéists of trachyte
and rhyolite lava f16ws and rhyolite ash-flow tuff. Many of tﬁe pro-
cesses that could inf]dence uranium concentration and distribution in

the Mitchell Mesa Rhyolite could also act upon rocks of the Chinati
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| MOUntainé‘Grdup., However, because the Chinati Mounpains Group,was de-

:‘ﬁbosited as céldera fill at the locus of continued igneous activity, addi;
tioha] processes that do not»affect the extra-caldera Mitchell Mesa Rhyo-
1ite could affect the Chinati Mountains Group. For example, high-tem-
perature processes shou]d be far more significant within a caldera (or
: »as a result of resurgent intrusion) than dutéide a caldera and could
give rise to hydrothermal alteration. ’ |

A final volcanic uhit,‘the Santana Tuff, was investigated even though
it is not genetically related to the Tascotal Formation, Mitchell Meéa
RhyoTite, or Chinati Mountains Group. The S&ntana Tuff is an ash-flow
tuff overlying the FreShb Formation, the Tascotal equivalent in the
southern part of Trans-Pecos. The Santana Tuff is‘in many respects simi-
~lar to the Mitchell Mesa Rhyolite, and investigation of the Mitche11 Mesa
| Rhyo1ite‘a11ows broader generalization of results. A major difference,
at least fn the particular parts examined, is that the Mitchell Mesa‘is
moét]y thin distal ash-flow tuff where it is in contact with the Tasco-
‘ ta],'and the Santana Tuff where‘it overlies the Fresno Formation is
‘thick; near-Sourée ash-flow tuff. Thus, a1though both have undergone a
variety of alteration processes common to ash-flow tuffs, the style and
intensity of alteration actfng on eéch is different. Also, because the
vSantana Tuff overlies the tuffaceous sediment being studied (in fhis
case the Fresno Formation), it is a more likely source for uraniﬁm than
is the Mitchell Mesa Rhyolite. |

To bkoaden the ke$u1ts‘of this study, Severalvareas outside Trans-

Pecos Texas were examined to evaluate the conclusions derived from the
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Trans-Pecos study. Areas Selected were Virgin Valley, Nevada, Thomas

.-Rangé, Ufah, and the prévioUS]y Mentioned Pefia Blanca, Chihuahua. Each
area was selected because it was reported to have abundant silicic Vo]-
canic rocks and volcaniclastic sediments and significant urénium con-

centrations associated with the rocks.

BRIEF SUMMARY OF RESULTS

To understand the formation of uranium deposits and to pkedict
_wheré they could occur, one must understand the processes that act in
formation'ahd.a]teration of potenfia] source and host rocks. Thus,
this study has focused on the types of,voTcanic and volcaniclastic
rocks that can form around a major vo]canic center.

Rocks accuhu]ate in,voTcanic regions in‘several settings, includ-
ing vo1canié center areas, vo]canic;and sedimentéry aprons, valley areas,
lakes, and eb]ian regions. In each of these, a variety of igneous and
'sedimentar& processés act to accumulate material and form rocks. Each
set of proceéses 1ea9es distinctive rock types or structures, so that
the rocks that form'iﬁ each area are recognizable. From the existence
~of rocks of one such setting, the current or former presence of the
others can be inferred. | |

Each part of a‘volcanfc region can be cohsidered separately for
its favorabi]ify‘for accumulation ofFUranium'deposits. In genéra1, the
principles of evaluating volcanic and sedimehtary parts of the'systeh
should be diffekent because the kinds of uranium deposits thét can be
formed in each are different. In sedimentary sequences, sandstone-type,
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calcrete, and lacustrine deposits are 11ké1y,jand uranium can leak a-
Cross unconformities into uhder]yingyunits. In volcanic rocks, both
high- and 16wftemperature processes can-.act to ré]ease, transport, and
| concentrate’uraniuh."Uranium released from the volcanic rocks can
accumulate either within the vo]caﬁicvfdcks»dr within adjacent rocks
inc1udihg the volcanic sediméntary sequence.:

Aha]ysié bf'the formational systéms of the Tascotal Formation, an
Oligocene unit:that CrOpS oUt in the Trans-Pecos: volcanic field of
Texas and includes the Ffesno Formation, leads to the conclusion that
the Tascotal forméd in a nuhber‘of differentﬂenvironments. Most of
.the sediment that makes up the TéscotaT‘was derived from the active
phase of the Chihati Mountains volcanic center. The sediment was de-
posited by braided streahs‘to form the active apron member that crops
outlin eastern Presidio Couﬁty. Simu]taneously, deposition of sedi-
ment took place in three other environments: (1) braided Streams that
were part of the‘regiona1 drainage net deposited the 1owér conglomerate
member to forﬁ a va11ey facies south of thé éctive apron region; (2)
é]]uvia] fans fdrmed aroundvthe}Solitario UpTift; and (3) active aprbn
~ sediments wére deposited in southeastern Presidio,CoUnty in the Bofe4
cillos Mountains. Later, three other formationa]lsystems operated to -
create other members. The‘Fresho member in the Bofecillos Mountaihs
consists of flows from a local volcanic center. A sequence of eolian
sand overlies the active épron member north of the Bofecillos Mountains.
The conglomeratic Perdiz member contains debris eroded from the Chindtif

Mountains after volcanic activity ended there.
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Uranium depqsits aré Tike]y fb”occur in the valley facies of thé
Tascotal where conditions were suitable for uranium release from volcanic-
~glass, migration‘through\permeab]e sandstones and conglomerates, and
entrapment‘within pbtentia] reducing environments or calcretes. The
other members lack one or more of fhe factors necessary to form secon-
dary Qranium deposits. Most lack reducing environments. In some of the -
membéré, uranium was re]easéd from glas§ shards, then almost immediately
reprecipitated in disseminated fashion. In the eolian member,‘the glass
shards have not been altered. Tables 1 and 2 summarize criteria for mo-
bilization, migration,‘and entrapment of uranium. |

Uranium can be released from volcanic rocks both by high-temperature
proceéses unique tosvolcanic rocks and by 10W-temperat0re processes Ssimi-
lar to those acting on the volcanic sediments. Release and transport'of
uranium are intimately connected, and specific transport mechanisms can
occur only Wifh certain release mechanisms;' Any process that breaks down
or dissolves glass re]easés uranium, including higthemperatuke devitri- |
fication with or without vapor-phase cryztallization, granophyric crys-
tallization, and solution of glass by éoo] or heated ground water. How-
'ever, each release proceés dictates the transport mechanism available,

and not all are effective in transporting uranium. Volcanic rocks form- .

. ally composed of glass but now altered by ground water have been effi-

ciently depleted of uranium. Thus ground water must be an effective trans-
porting:agent in addition to releasing uranium from glass. Ligands to com-
plex uranium in ground water are required but many exist (Langmuir, 1978).

Uranium mineralization in the Allen Complex, Trans-Pecos Texas, in Virgin
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.Va11éy, Neyéda, in the Thomas Range, Utah, and in the SierrabPeﬁa B]ahca,
Chihuahua, probably formed frOm uranium released by ground-water altera-
tion of glass. | |

Rocks‘having'undergohe devitrifitation‘with or without vapor—bhase
crystallization are not dépleted %n uranium. Thus, normal vapor-phase
transport of uranium is apparently not effective because either (1)'the
vapor is oflthe wrong compositidn (Tacks a complexing agent such as
fluofine); or (2) the vapor does not migrate far enough to concentrate
uréhium;A Granophyrically cfysta]]ized rocks of the Upper Rhyo]ite"of
the Chinati Mountains Group are moderately dép]eted in uranium._ The de-
pletion is apparent]y,ré]ated to much more extensive vo]ati]e flushing
| than océurs in normalﬂvapor-bhaée crystallization.

| ~Concentration of uranium transported by ground water can occur in |

the same ehvironmenté that concentrate uranium released from sediments
(table 1) aé well as in the volcanic rocks themselves. Solubility cdn-
trols include oxidation reduction, concentration by evaporation, or
mixing of waters of different chemistry. The latter could occur at or
near the confact of»volcanic and nonvolcanic rocks, such as carbonates.
Uraniferous opal, chalcedony, or uranophane occur at all four areas
studied. Uranium and silica are assoéiated because they are both re- '
leased in reTatiVe]y large quantities by solution of glass, ahd‘because
opal apparent1y efficiently adsorbs uranium.

Loca]fzation of mineralization is also contro]jed by permeability.
In fracture systems of volcanic rocks, brecciated zones along faults
(éspeCia]]y at intersections of‘fau1ts), Tithophysal zones, or nonwelded
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. parts of,ash-f]ow’tuffs are possible sites. Permeability of sedimentary A -
“environmentéjaré.given in tabTés 1and 2. |
‘ v Aygenera],cdnc]usion of this‘study is that Tow-temperature solu-
tion of glass by ground watér (diagenesis) fs highly favorable for re-

- lease and tkansport of'uraniUm; 'Ih-sbmé settings transpOrt of uranium
released by diagenesis is inhibited by lack of complexing agenté in the
grouhd water; fdentification of transport confro1s is of critical im-
portance. A variety of envfrbnments exists for concentration of ura-
“nium, but their existence at a specific site depends entire1y'qn the

geo]ogic setting of thé site.
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II. ROCK-FORMING SYSTEMS OF VOLCANIC REGIONS
by Anthony W. Walton1

INTRODUCTION

Efficient, systematic exploration for‘uranium deposits requires
understanding of the geologic regimes in which the deposits form and
of the processes by which they form. Currently, exploration is very
~active for uranium deposits in vo]canicvrocks and volcanic sediments,
spurred perhabs by large discoverieé,in the SierrakPeﬁa Blanca of
Chihuahua, Mexico, or by the widely known fact that prbdutts of si-
licic or alkalic volcanos.cdmmonTy‘cohtain abundant uranium. Unfor-
tunately, Tittle is known about éedimentary rocks of volcanic regions
and about the geochemistry of uranium in those areas. Vo]canic se-
quences and volcanic sedimentary sequences may offer a range of pos-
 sible types of uranium deposits different_from both those found in
the sandstone-type deposits so prolifiélin the western part of the
United States and the great.diversity-of types that are important
sources of the metal e]sewhere. Alternatively, close analogues may
exist between volcano-related types and‘other rock types so that the
diffekentés of types of uranium deposit may be more differences of de-
~gree. In any case the guides to ore'formaﬁion may be different 1n'

volcanic terrains.

1Department of Geology, University of Kansas, Lawrence.



Exploration‘in honvo]canic areas, especially in normal sedimen-
tary sequences, is aided by well-developed conceptué]tmode1s of the
formational processes of the rocks and urenium,deposits in them. After
studying parts of an area, 1t is'pos§ib1e to make confident gueéses a-
bout‘Sediments.or'rocks thattOCCur in other parts of it, and especially,
~about their uranium pdtentiai. A lack of the.necessaryr1hformetion in
volcano-related sequences together with the 1ack of models of ore forma-
tion in such environments has reduced the exp]dration prdcess there to
f011owing models more applicable to othertenvifonments, to re]ying on
techniques best applied to the‘exp1oratioh for shallow deposits, or to
applying methods in use since the eariiest days of the urahium industry.

This report describes studies on volcano-related sequences that
were conducted by seVera] workers. The objectives of the studies Were
to increase understanding’oftsedimento]ogy}and ufanium geology of vol-
canic areas. The objectives of this report‘are (1) to eid in develop-
ment of facies models of volcanic and voTcanic sedimentary. terrains; (2)
to descr1be one process of a1terat1on of vo1can1c glass, a key step in
formation of uranium depos1ts in such reg1ons, and (3) to report a pos-
sible method of determining whether a]teratlon of volcanic glass hés re-
leased uraniUm to so]utiOn to migrate and be concentrated into deposits,.
or whether the uranium was a]most 1mmed1ate1y prec1p1tated as d1spersed
uran1um m1nerals or 1mpur1t1es in c]ay, opa], or zeolite.

The report is based largely on the Trans-Pecos volcanic fiertof
Texas, and thus represents only one example of vo]cenic.processes and
a]teration. Although only anminor amount of comparison with other vo]—.
canic diétricts has been possible, some information on Thomas Range,
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Utah, and Virgin Va]]ey,‘Nevada, is included in the report. Particu-
1§r1y interesting is the section describing the Pefia Bianca uranium de-
posit in Chihuahua, Mexico, where proven resefves of 4,000 tons of U308
and a potentia] reserve of several'times that amount occur in volcanic
.‘rocks and‘sediments (R. Chavez, oral communication, 1977). Because of
- the Timited sample, the conclusions of this report shqu]d not be taken

as 1ndiéat1ve of conditions in all volcanic regions. Instead they pro-

vide examples for comparison and a beginning on which to build.
A Systematic Approach

The approach in describing the rocks of the volcanic area is pat-
terned on the depositional systems concept applied previously to ter-
rigenous sediments to elucidate the environments of their formation
(Fisher and McGowen, 1967). This scheme provides a framework for de-
positional analysis of sedimentary units by encouraging close compari-
son with modern analogues and reference to laboratory model studies,
and by focusing the attention of the investigator on crucial evidence.
The term "system" refers to the group of processes characteristic of:
a large, but distinct, geomorphic environment inAwhich sediment accu-
muiates. This environment could be a river system, for example, in
which channel and overbank processes transport and deposit material.
The river region is geomorphically distinct from an alluvial fan at -
its head and a delta near its mouth. In the context of volcanic fields,
- a system might be a vent system in which uhique]y volcanic processes

can combine with sedimentary processes to produce a vent facies. Such
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systems‘Can be studied by the methods‘of systems ahaiysis;’for their
bodndary‘oonditions,‘input, internaT machihations, and output are rég"i
’1ated, ind variation of one such’parameter affects the others. Pro- -
vided that reliable and sufficient information about one or more of
~these qualities is‘availab1e,}conc1usions'can be drawn about the others.
| In his Tucid eXpositioh; Ga]ioway (1977, p5,5;8) uses the term "deposi-",
tiona1 system" in a different sense' to him it is a‘body of rock that .
formed in a geomorph1c env1ronment not the system of ‘processes that g
led to formation of the rock, In this report bod1es of rock that | \
Galloway (1977)'might term,"depos1t1ona1 systems" are 1dent1f1ed as
"informal members."" | | J 5

Each system is oharacterized by a number‘of processes that act to
| produce a diversity of faoies or types of rocks. Fluvial systems in-h
olude the proceSSes’of‘unidirectiona1 flow of freSh water,‘variation
of amount of that flow, “and lateral m1grat1on of the flow axis, among
others. Under certa1n cond1t1ons, these processes operate to form the . o -
character1st1o chanhel-lag,,po1nt-bar, and f]oodp]ajn deposits of me-
,'andering streams. Under’differeht boundary cohditiohs--regtona1'siope,
gra1n size of the sed1ment ava11ab1e, or amount of d1scharge—-the char-v
acter of the stream can be a]tered and the nature of the deposit changed.
By study1ng the processes and depos1ts of a large number of modern de-
pos1t1ona]»env1ronments, and‘by referring to appropr1ate 1aboratory
studies, sed1mento1og1sts have set up a series of mode]s that summar1ze
the character1st1cs of" sed1ment produced in that env1ronment In stu-

d1es‘of anc1ent rocks, the 1hvest1gator compares critical features of
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the rocks with those of modern sediments. From this comparison, he can
deduce the naturé of the'process or prdtesses responsible for each fa-
cies of the anciént rock, and the geomorphic environment in which the
sediment formed. _ |

.Parti¢u1ar systemé produce not only sediments.of a diversity of dif-
ferent facies, but also sediments of nearly or completely identical chér-
acter. This apparent complexity results from the fact that similar pro-
cesses can be found in a large number of different systems: for example,
uhidirethona1 flow in channels occurs in deltas and alluvial fans as
well as in rivers. But analysis pf depositional systems allows us tb
escape this dilemma by pointing out that each depositionaT system has
a unique set of processes; Though severa] of §11 of the processes may
be éhared with other depositional systems, and hence, similar facies
may occur in deposits of several systems, the particular set of process-
es--and facies--is found associated ihbon1y one depositional system.

The advantages of studying sediments as depositional systems are
(1) The attention of the investigator is focused on the aspects of the
rock that contain information useful for interpreting the depositional
environment of the rock. Because conceptual models of the processes
and sediment character of moét depositional environments.exisf, the in-
véstigator need oniy collect relevant information on sedimentary facies
of the rocks he is studying and compare it with well-established models.
(2) Once these interpretations are made, it is possible to predict dis-
tribution of other facies and to estimate probability of finding facies--

controlled accumulations of valuable materials in various areas. Pro-
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specting for‘economita11y valuable deposits in sedimentaryvrocks, such
as‘urahiUm deposits, is speeded if knowledge of any facies controls on
distribution of the deposits;is available, and if the techniques and

~concepts necessary to interpret the_facies'are‘avai1ab1e._
Volcanic Sediment‘and Vo]caniénycles

Historically, sedimentologists have studied rocks with an objective
other than determination of the immediate, geomorphic environmeht of
their formation. Many workers have placed emphasis on determining the

're1ation‘of Sedimentary rocks to tectonic cycles or tectonic regimes.

N In applying this alternative objective of studies of sedimentary rocks

to areas of volcanic sediment, the appropriate,cyc1e‘to observe is that
of activity ahd extinction_of volcanic source areas. Active volcanic
centers are constructive, buﬁ]ding themselves‘rather rapidly, and shed-
ding sediment that has properties that depend on the naturé of the vol-
canic activity, climate, and other such conditions. After extihction,
the volcano is eroded away; it still produces sediment, but the nature
of that sediment results more from the.transporting processes and the
climate, which cohtrd]s rates of weathering‘and erosion, than it does
from the volcanic rbcksf
Thisbreport recognfzés the basic depositional framewdrk of‘volcanic

sediments first 1n terms of the depositional environménts expected to
dccur near volcanos, and theh in terms of the CyC]e of actiVity ahd ex-
_tjnction of,Vo]canfc centers. In the next chapter, the Tascotal Forma-

tion and associated strata of the Trans-Pecos volcanic field of Texas
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o _w11] be examined in 11ght of both the env1ronmenta1 and vo]can1c cyc]e

,vmodels

DEPOSITIONAL SYSTEMShIN VOLCANIC REGIONS

Ear11er work in volcanic f1e1ds has - d1st1ngu1shed between a vent
region in which vo]can1c processes predominate and a region in wh1ch
‘.sed1mentary processes rework vo]can1c mater1a1 into sed1mentary rocks
:{(D1ck1nson, 1968; Smedes and Prostka, 1972; and Walton, 1977a). Alf"
| ,though the sed1mentary region has been 1nadequate1y studied, it can
be subd1v1ded 1nto several areas, each characterized by the act1v1ty
of one depos1t1ona] system The ana]ys1s presented here 1is in part
'_d1rected at that first descr1b1ng the systems in an idealized way, _ |
-k-then in a 1ater section 1nterpret1ng the Tascotal Formation in terms‘
1-1ofthose-systems.: Before embark1ng onvth1sbd1scuss1on, however, it
is'necessary’to state some definitions‘to c1arify'parttcu1ar‘usage of

terms in this paper.
Volcanic and Sedimentary Rocks

The distinction between'volcanic_debris and sediment is one of
origin;ainherent1y it ts interpretative and genetio (Rodgers, 1950)
‘Volcanic debr1s is formed by vo1can1c processes—-erupt1on of magma
‘at the earth S surface and assoc1ated activities, such as explosions
| eresu1t1ng from pressure release or 1nteract1on w1th ground water, and

rautobrecc1at1on caused by coo11ng stresses and f]ow Volcan1c pro- |
o cessesv1nc1ude direct, though perhaps delayed, fa]] or sett]ement of
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fparticies'either from eXpiosion-produced clouds or frombotherrsituaf |
'tions in which volcanic processes cause the particles to rise above
‘fthe'earth“s,surface. Once shch volcanic processes'have'ceased to op- -
- erate on material or as their intensity declines, sedimentary process-
es can;begin. - These may inciude reworking of’ioose material or erosion

' Ofifragments;]iberated,fromfsoiid rock, and tranSportation and deposi-

'tion, generaiiy by air or water,’but possibly by glaciers. ATl of these g

,[sedimentary'processeshoperate at temperaturesicharacteristic of the
diearth'sbsurface ~ Hence, inithis report, volcanic rocks are formed‘by
’voicanic processes, sediments and sedimentary rocks are formed by sedi-
',mentary processes. Vo]canic sediments and volcanic sedimentary rocks :
are formed,by sedimentary processes from particies deriyed,directiy or
"jindirectiy'from vo]canic sodrces. Gradations and intermediate types'
'ekist “and the distinction among volcanic, yoicanic sedimentary, and

vjsedimentary rocks, however easy in principle, is commonly difficult 1n :

'T»ypractice In any case, 1t 1S important for many purposes.

“This usage is at variance w1th that of most geo]ogists who fo]]ow
i rR, V,vFisher,(1961) and consider volcanic rocks those that contain '

B mdstTy material of vO]canicforigin, regardliess of the actual formationﬁ

" process of'thehaccumuiation or rock they make up. Fisher considers size

=andfthe‘process of forming the particles in constructing his classifica-

>“~tion. dInythis report, the depositional or formational processvot the

: 36cumu1ation of ~particles not‘the source of the partiC]es,themseives,f

- d]‘1S con51dered the nirst order distinction. The rocks considered vol-

' ‘CGHIC sediments in th1S report include the epiciastic volcanic rocks :
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~and certain of Fisher'S‘(1961) pyroclastic volcanic rocks--those thet
have been reworked. Autobreccias, flow brechas, vent breccias, and‘
so forth, as well as air-fall and ash-flow tuffs, that is, primary
: pyroc1astic rocks, are considered the result of volcanic processes.
The experience ofvthe author &ufing the course of the research
that Ted to this report and research elsewhere in Trans-Pecos Texas
'must be at var1ance with the experience of Fisher (1961) who suggests
- that pyroclastic volcaniclastic rocks, including reworked pyroclastic
rocks, and epiclastic volcaniclastic rocks should be kept as separate
categories as much as possib1e. Glass shards are normally of pyro-
c]éstic origin; volcanic rock fragments are mostly of epiclastic ofi-
gin, bet may be either "autoclastic" or "pyroclastic" in Fisher's
(1961) termfno]ogy. Hence, most volcaniclastic rocks composed of vol-
canic roek fragments would be assigned to a category different from
that of volcaniclastic rocks combosed of shards. But Walton (1977)
hes shown that the compdsition of volcanic sedimentary rocks ("vol-
canicTastic“ in the terﬁino]ogy of Fisher, 1961) in the Vieja Group
of Trans-Pecos Texas is a function of grain size and the composition
- of their source and depositional environment: generally, coarse rocks
are rich in volcanic rock fragments, and therefore "epiclastic" in
Fisher's terms, whereas fine rocks are composed of shards and theree
fore are “pyroe1astic." The rocks are all of sedimentary Qrigin
(fluvial or a]]ﬁvia] fan). Coarse and fine rocks are interbedded
on all scales from centimeters to hundfeds‘of‘meters.b Remarkably

similar rocks are described in the chapter of this report on the
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Tascotal Formation. A distinction between reworked pyroc]aétic vol-
vcaniCiastic‘rockérand epiclaetic volcanic rocks in this,cireumstance
is pointless.

E 'This;report'adopts tnetaiternetive system‘primariiy because both
the‘methqu of study'of vo]canic rocks on one.hand and of sedimentary
rocksvincluding voicanic sedimentary rocks on the other and the kinds
~of information that can be e%tracted from each kind of rock differ so
greatly. Vo]canic‘rocks can be interpreted in terms of formetion pro-
cess, analyzed chemica]ly‘to learn of magma origin and for purpoées
of‘comparison'with other volcanic rocks, and dated by radiometric
means. Sedimentary roeks,cdn be interpreted in terms of‘a different
set of,formationa] processes; mapped for facies interpretation, and
dated by!fossi]s, Isotopic ages of the formation of sediments‘can be
determined only under specidi circumstances réqdiring extensive know-
Tedge of.their history. Chemical anaiyses of volcanic sedimentary
rocks tell little or nothing of magma chemistry because of the effects
-of mixing, weatnering, differential sedimentation, and diagenesis on
- the composition of the rock. Volcanic rocks and sedimentary rocks
~ should be recognized as distinct rock types not only because different

researchers work on each rock type, but also because work on them pro-
-'ceedsbfromkdifferent assumptidns to different conclusions. Fisher's

(1961) classification glosses over this fundamental distinction.
‘Physiography of Volcanic Regions

Physiography and the geomorphic processes of modern volcanic re-
gions are the key to understanding ancient volcanic sediments. Un-
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fOrtunéteiy, the attention of most geologists studying:v01¢anic'fie1ds
has focused on the‘voiconos themse]ves‘and Vo]canic processes. De-
taiied observations of surrounding areas where sedimentary processes
are influenced by the presencé of the volcano have been made by only
a few workers. The following statement on physiography is based large-
ly on observations of the distribution of rocks and facies in the Trans-
Pecos volcanic field of Texas with some contribution from other workers'
descriptions of other volcanic fields. |
Volcanic fie]ds.consist of individual centérs‘more or ]ess'sepa—
nated by areas of less intense volcanic activity.‘ The‘centers consist
of nests of adjacént or over]apping caideras, up to 10-inch areas sev-
- earal times the size of individual calderas. In the Trans-Pecos field,
| these volcanic centers are a few kilometers to several tens of kilo-
B meters in diameter. Major vo]canic centers include the Davis Mountains
and the Chinati Mountains, highlands that still dominate the field.
The‘Eagle Mountains, Quitman Mountains, and Chisos Mountains also con-
- tain Targe centers. Concentnations of lava flows or ooiiaose structures
mark centers in the Bofecillos Mountains, Oak Hills, and the Paisano
Pass region. Many smaller cenfers are known or suspected, and sediments
or flows may hide still others. Each of these centers has a history of
activity, ranging up to perhaps a few mii]ion}years for larger centers,
fo]iowéd by a quiescent period of erosion that continues to the present.
Activity of the several centers was not simultaneous; flows and sediments
from eoch interfinger in a way that reveals the order of their activity.
’Invvoicanic—center areas, volcanic rocks and intrusions predominate,
including tné caldera-filling sequences, ring plutons, precaldera volcanic
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~ rocks, and ouff]ow%facies volcanic rocks from adjacent centers. These
range from dense, solidified lavas and intrusions to Toose pyroclastic
- deposits. Loose pyroclastic deposits were 1mpbrtant sources of sediment
~ for adjacent sedimentary aprbns Such deposité of nonlithified pyro4
c]ast1c material are rarely common in preserved volcanic centers, but
. the fact that some sed1mentahy aprons are 1arge1y constructed from pro-
ducts of the1r erosion 1nd1cates that they are formed abundant]y and
were kapidly removed by érosion. Sedimentary rocks interbedded in vol-
canic-center regions are efther very éoarse grained déposits of sediment
gravity f]ows and high-gradient streams or fine lake deposits_forméd in
éollapse depressions‘or othef Tow areas. The abundance of vo]caﬁic |
rocks in large center regiqn$ 1ndfcates that they were major sites of
volcanic activity. Calderas in vo]canic-center‘regions indicafe that
the regions were the source 6f the major ignimbrite units also.

‘Between volcanos in areas that were and still are the Tower parts‘
of the fie]d, deposits total up to about 1 kilometer thick. The larg-
est accumulations are the Buck Hi11 Volcanic Series of the east side
of the fie1d‘(Go1dich and Elms, 1949) and the Vieja Group of the Sierra

Vieja on the west side (DeFord, 1958; Walton, 1977). These,depdsits
consist of large amounts of sediment, mainly Qo]canic sediment, and
small amounts of volcanic rocks. | | |

It is possible to>subdiyide the sedimentéry areas of the field in-
to an apfon region and a basin or valley region. Together with the vol-
cénic-center regioh,‘these régions form a group of related environments

also dependent on the occurrence of the volcanic activity (Walton, 1977).
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If material accumulates in any of these regions more rapidly than ero-
siqn-removeéyit, a corresponding rock facies wiT] develop. Ideally
the rock of each facies will be distinct from the otherg,.recognizab1e
by its properties and interpretab]evjn terms of procésses that acted
upon it.

In addition to those formed in the three volcano-related regiqns,
 certain rocks of thé Trans-Pecos volcanic field appear to be the result
of eolian deposition. These rocks represent a distinct depositional

system and form a separate facies not directly re]ated to the presence
yof vo]cahic activity'beyOnd the fact that their constituents are éf

volcanic origfn.
Stages of Volcanic Activity

Volcanic centers that produce silica-rich or intermediate rocks
have an active period of up to,perhaps‘a few million years, during which
bthey may undergo several events of caldera formation. Generally, adja-
cent volcanic sediment‘deposits could be expected to reflect the several
events of caldera formation and the overall history of activity and'
quiescence of the volcanic center. | |
: The ca1dera—f0rmatfon Sequence is shorter in duration than the
overall histqry:of the volcanic center. Smith and Bailey (1968) de-
scribe the normal sequence of events that occurs at'resurgent calderas
over.a‘period of 1 to 2 million yearsﬁ‘ regional tumescence and volca-
- nism, ash-flow extrusion, caldera collapse, pyroclastic and lava erup-
tions,‘structura] resurgénce of the caldera floor, ring-fkacture erﬁp-
tions, and terminal fumarolic activity. DUring this sequence, only a
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few years or’ tens of years are required for 1gn1mbr1te emplacement and :
k'caldera co]]apse | h
The ca]dera cyc]e cons1sts of four main stages (1) The precaldera:
volcanic stage dur1ng wh1ch a series of vo1can1c'and volcano=tectonic
events,vsuch as regional tunescence; faulting, and extnuston,of 1ava
: and‘pyroclastic material From the fraCtures; occurs wi th gradually ine
creasing}tempo. This per1od may. last for about 100,000 years (§m1th
and Ba11ey, 1968). (2) The stage of major ash flow tuff emp]acement
| ‘and ca}dera‘co11apse,m1ght last only a few years (3) The stage of ring
tracturerand ca1dera-f111ing volcanism that, Tike the initial phase of
act1v1ty, m1ght last about 100 000, years. This stage may or may. not in-
clude resurgence. (4) Finally, volcanic act1v1ty slows, and the area
of the caldera gradua11y s]jps 1nto a stage of senescence.  This process
,might take hundreds of thousands of‘years;},This sequence is more gene-
ral than that of Smith‘and Bai]ey, but shou]d‘he app]icab]e to all cald-
_eras that produce ash-f]ow'and includes thekphases that are recognizab]e
in sediment outside the,ca1dera. | v 0
Outside the caldera are two phases of sediment depos1t1on--the ac-
t1ve phase and the 1nact1ve phase The act1ve phase includes three sta-
ges‘of the generalized ca]dera cyc1e. During the crescendo that preé
cedes ca]dera formation, tunescence of the volcanic center causes in-
creasing,gradients even as ﬁore volcanic debris becomes auailable for
transport., This periodhis ended by ca1dera collapse, and the sedtmen-
- tary recOrd is punctuated bj.a‘majorbignimbrite unit that separates the

. pre-ash-flow tuff part of the active-phase sediment record from the
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post-ash-flow tuff part. Subsequently, caldera-filling activity contri-
'butes great amounts of pyrot1astic,debris, but flows tend to concentrateb
inside the ca]dera réther‘than outside it. Consequently, abundant sand--
sized material derived from that pyroclastic debris dominates the sedi-
fmentary system for the rest of the active phase. With the decrease of |
‘ vo]caniC‘activity and eventual extinction of the center, the supply of
lfine sediment is exhausted, and erosion cuts into the flow rocks of the
volcano core. With this, the sediment size grows coarser, and streams
must adjust their‘gradients to transport it. The postca]dera part of
the active phase eVentua11y grades into the inactive phase, but the stra-
tigraphic contact between’the two phases may be sharp or disconformable.
Table 1 summarizes these re]ations between volcanic and sedimentary

events.
Sedimentary Aprons

Fans or aprons of sediment commonly form at the foot of escarpments
and at other places where gradient ok}stream capacity decreases. Where
'vo1canic‘high1ands are built on a relatively flat, preexisting surféce
by so]idification of high-viscosity lava flows, a gradient decrease will
exist at the outér margin of the accumulation. Stream flow, mudflow,
sheetwash, and other processes that reach equilibrium at gradients Tow-
er than those of the lava flows will erode the volcanic accumulation.
Material transported by these‘procésses will be depbsited where the
carrying medium Toses energy--at the gradient change. Erosion of a vol-
canic center in éertain pTaces will first form gulleys, fhen canyons
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that-become major routésfof flow. where streams confined by the‘can-
Vn:yon‘wa11 debouch onto the heads of growing éprons, flow spreads over
the fan‘surfaée, thereby reducing the capacity of the stream to carry

’ :sedimenf; The sedimentary fan,or‘apron grows - because df either réduced
gradient or change from'cdnfined to unconfined flow. In most respects
"volcanicesediment aprons are‘almost identical to bajadas that are formed :

by the coalescence of alluvial fans.

~ . Process of Deve]opment of Vo]canit Aprons | ‘

‘ Mia]] (1977) suggeStS'that the distincfibn between braided-streamb
facies and,alluvial—fan facieé may be arbitrary, implying that the pro—‘
cesses may be the same, even though it is possible to draw a geomorphic
'distinction betweenvstreams'and fans. Certainly, much of theASedfmenf_
on alluvial fans’is depoéfted by ‘unconfined flows that divide around or
fTleover 1owfbars. -A'gradiation probab1y exists between such flows and

those described by Bull (1972) as sheet f]oods.‘ But Miall's statement
is a simplification because alluvial fahsvaré,marked by a somewhat gréat-
er diversity of processes than.are braided streams, 1nc1uding debris
f]dﬁs and stream floods (Bluch, 1967; Miall, 1970a, 1970b; Bu]], 1972,
and Stée],-1974). Studies of sedimentation oh alluvial fans have em-
| phasized fans where f]ﬁvia] processes predominate. | |

| "The‘révieW'of}braided—stream deposits by Miall (1977) probably
servés’as.the_best guide to the type of sediment to be expeéted as a
résu]t oftthe sﬁeet f]oqd—-braided-stréam continuum. Mié]]’]ists four
basic types of verticalvsequencezr (1) the Scott type, dominantly grave]
, depdsiféd as,1ongitUdiné]‘bars with interbedded debris flood deposits
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1and‘m1norvsand 1enses;,(2) the Donjek type, consisting of fining—upward
:sequencesfot sand; gravel, ahd mud deposited_by;individual channels of
the system; (3) the Platte type, most]y sand deposited by 1ingu01d bars;
and (4) the B1Jou Creek type in wh1ch each flood even in the ephemeral
stream 1eaves a f1n1ng upward sand deposit. ~ Any of these types m1ght
”be expected on a]]uv1a1 fans, depend1ng upon 1oca1 cond1t1ons of grain
o s1ze of ava11ab1e sediment, grad1ent, and ra1nfa11 character. Further-
"more,.other conf19urat1ons may be poss1b]e, Miall's (1977) models are
‘11m1ted by pubTished stud1es of recent streams. |

Vo]can1c-apron systems, however have certa1n character1st1cs that
may somewhat 11m1t the poss1b111t1es They have rather small dra1nage
| fwbasjns and, unless glaciated, should have ephemeral Streams with fTashy
o disCharge Gra1n size of" sed1ment will be a funct1on of the type of
' vo]can1sm and the c11mate The exp]os1ve vo]can1c activity of the Trans-
Pecos field produced sand-sized g1ass shards Depos1ts formed on aprons ,
'near such vo1canos would be s1m11ar to M1a11 s (1977) sand-r1ch types |
><0ther vo]canos with a more p1ac1d mode of erupt1on would make . more flow
:rock wh1ch could break down to coarse ep1c1ast1c debris and 1ess sand—
-s1zed mater1a1 perm1tt1ng deve]opment of some of M1a11 s (1977) coarser
vfac1es types. ' | |

Many authors agree that stream f]oods are important processes on
}alluv1a1 fans (Bu]] 1972 Schumm, 1977). These differ from the braid-
‘»ed-stream, sheetéflood act1v1ty in that the fTows are confined to a're—a
1at1ve1y narrow channe]--1n a canyon or fan-head trench (Denny, 1967;

Hooke, 1967) Probab]y, conf1ned streams,wou]d be ephemeraT or subject
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to large fluctuations of discharge. If a volcano produced abundant
coarse debris, the deposits of surrounding stream flood channels would
be almost entirely conglomerate flood-surge or debris-flow deposits and
Tongitudinal bar deposits, and only thin sand beds (McGowen and Groat,
1971; Bluck, 1967; Steel, 1974; and Boothroyd and Ashley, 1975)} Depo-
sits of ephemeral streams that carry sand are of Miall's (1977) Bijou
type: mostly horizonta]]y Taminated sand beds that overlie scour sur-
face and are overlain by small-scale ripple cross-stratified sand thaf
may grade into a mud drape. Each cycle represents the result of a sin-
gle flood; most of the deposition takes place as the flood begins to
wane, but while velocity/grain size/depth relations are still in the
upper flow regime. The ripples are lower flow regime deposits, formed
near the end of each event. Desiccation, bioturbation, soft-sediment
deformation, eolian activity, and erosion may affect these deposits,
especially their upper parts, and may modify or obliterate their pecu-
1iar character (McKee and others, 1967; Picard and High, 1973).

Unless especially favorable circumstances prevail, it may be dif-
ficult to distinguish between the deposits of confined flows and those
of unconfined flows. It is possible that the proportion of debris
flood deposits would be greater in confined than in unconfined flow or
that individual confined flood events might Teave thicker deposits.

But there is 1little reason to suspect that the sedimentary structures
of the deposits would differ greatly. In fact, the confined and uncon-
fined flow are probably parts of a continuum. In the active;apkon mem-

ber of the Tascotal Formation, discussed in a:subsequent chapter of this
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report, a distinction is draWn between thin fihihg-upward sequences and

thick fining-upward sequences--one being attributed to unconfined flow;

the other, to confined flow. This interpretation is inferred from other

depositional systems that opérate in a,similaf‘fashion and from the se-
- quence of the deposits of several fiood evehts,“rather than individual
- events. { | |

- Deposition by debri§ flow is a common feature of volcanic regfons
in either the volcanic apron or the vent area. Basic,brincip]es of de-
bris-f1ow,mechani¢s are outlined in Middleton and Hampton (1973),
Johnson (1970, chapters 12-14), and Rodine and Johnson (1977). Deposits
of debris f]ostare also described in Walker (1976), Crandell (1971),
and Bull (1972). Debris flows are‘sediment‘gravity/flows in which parti-
cles are at Teast partly Supported by a pasteyfmatrix of mud and water
thét hés finite strength and density greater than water. Rodine and
Johnson (1977) point out that debris flows can occur on $1opes of a
few degrees and transport immense blocks of rock.

Debris flows can arise by any of several processes in volcanic
'regions} Lydon (1968) describes lahars of the;Tuscan Formatibn in
northern California, interpreting them as essentially volcanic rocks,
thét incorporated debris from aﬁtobrecciated 1aVa.and were mobi1ized
by mixing of magmatic water.. Anderson (1971) describeé mudf]ow brec-
cias interbedded with normal stream sediment in the Bear Va11ey For-
mation of Utah. These prdbab]y result from mfxing of debris and water _
just as happens in arid regions (Bull, 1972). Crandell (1971) describes

.mudflows,‘which may be related to glacial melting episodes on the slopes
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of Mt. Rainier; Simi]any, Indonesian volcanos have been known to pfo—
- duce lahars as a result of catastrophic draining of caldera lakes.

Debris-flow deposits range from mudrocks to cong]omérates and sand-
sfohes wfth'fine’mud matri*; Conglomerate clasts need not be touching,
.and‘the deposit may have a parfia]ly or Comp]ete1y matrix-supported tex—A
- ture. Interna]]y;‘debris-flow deposits have no stratification or very
‘indistinct stratification. Clast siies may be graded norma11y or in-
verse1y through the deposit or may not be graded at all. Having been
rafted a}ong,‘supported by the strength of the mud matrix, the largest
clasts may be found in the upper part of the flow or even protruding
from its top.’ Because of their high viscosity,'debris flows deposit
sediment on slopes steeper than those characteristic of pure water flows.
For this reason, interbedding of stream and coarse debris-flow deposfts '
shou]d‘bekthé exception rather thah the rule.

In areas where weathering or unstable composition of vo]canié de-
tritué promote formation4of mud, debris flows may be important consti-
tuents of volcanic-apron sequences. They are commonbproducts of volca-
nos that produce lavas of intermediate composition. The Absaroka:fie]d
contains great thicknesses of them (Hay, 1956; Parsons, 1969); those of
the TuScan‘Formation in Ca]ifbrnia are composed of andesite and basaltic
andesite clasts (Lydon, 1968). South Park, Colorado, and the Southern
High Plateau area of Utah coniain immense deposits of debris flows (De-
Voto, 1971; Row]ey,‘oral communication). These flows may be volcanic
- 1ike those of the Tuscan Formation, or they may be sedimentary. The

Colmena Formation of the Vieja Group of Trans-Pecos Texas is made mostly
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of debris-f?ow deposits that contain clasts of intermediate rock types
(Walton, 1977). Otherwise, the Trans-Pecos volcanic field may be ano-
malous in its fe]ative,paucity of this type of deposit.

Alluvial fans, and presumably volcanic-sediment aprons, are built
segment by segment (Denny, 1967). Only part of the fan is active at
~any one time; the activity either migrates slowly across the fan sur-
face or jumps from place to place as each locus of activity becomes un-
stable with respect to anbther. By this building of successive segments,
the entire fan or apron maintains a regular, émooth profile and shape
within the 1imits imposed by boundary conditions. The segment-by-seg-
ment construction patterns are reflected by changes of grain size and
sedimentary structures that mark the history of each segment's activity,
similar to that described for deep-sea fans (Walker and Mutti, 1973;
Ricci Lucchi, 1975; Wa1ton,,in press). Each segmenf on a volcanic apron
should be progradational, consisting of a‘coarsening- or thickening-up-
ward sequence of individual flood or fiow deposits; the deposit of one
segment's activity should be a few meters to Severa] tens of meters
thick. Each segment can be fed by a channel that crosses the proximal
part of the fan.

Factors that affect the nature of fan or apron deposit include the
grain-size distribution of the source sediment and the climate. The
slope of the fan will depend partly on the grain size of the material
and the nature of the depositing medium. Where stream processes dbmi—
nate, such as on fans with 1ittle mud available for transport or on

fans developed in humid climates, gradients will be lower where sand
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is the dominant sediment and higher if gravel is most abundant. Sedi-
ments will be well sorted sands and gravels with abundant primary sedi-
mentary structures. Mudflows require more mud among the available sedi-
ments and greater slopes of the fan--hence they cannot occur in distal
regions of stream-deposited aprons. Mudflows are believed to be favored
in arctic regions and in areas with Tittle rainfall, especially if that
rainfall comes in occasional downpours (Leggett and others, 1966).
Because of the interplay between grain size and apron slope, the
nature of volcanic aprons is controlled by the nature of volcanism and
modified by climatic factors. In Trans-Pecos Texas, where explosive
volcanism produced abundant fine debris, characteristically in the sand-
size range, low apron slopes were constructed by streams. Mudflow ac-
tivity was not important because of the Tow slopes and lack of available
mud except on some intermediate volcanos that produced 1ittle sand-sized
debris. However, where rainfall is greater, where mafic to intermediate
lavas that might break down into clay are common, or where, as in the
Cascades, glaciation promotes conditions favorable for mudflow develop-
ment, mass flows rather than stream flows would dominate apron sedimen-

tation.

Uranium Potential of Apron Deposits

Volcanic aprons can be potential sources of large amounts of ura-
nium, because they may include very great numbers of uranium-rich glass
shards. Apron sediments commonly contain little mud--unless debris-flow
deposits dominate--and they are initially highly permeable, permitting
free movement of fluids through them. Water enters the apron along
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stream courses or channels and elsewhere along the surface and flows
downward through the body of sediment, reacting with the sediment grains
as it goes. In glass-rich sediment, precipitation of diagenetically
formed minerals in pores reduces permeability, but to an unknown extent.
Coarse sediment should retain much of its initial permeability. Gene-
rally, Tittle organic matter is present, and other reducing constituents
are rare so that the waters may be suitable for transport of uranium;
but few suitable oxidation-reduction traps should be present. This fac-
tor prevents accumulation of deposits similar to the familiar roll-front
deposits of many sandstones. Furthermore, chemical peculiarities that
may occur in volcanic aprons may prevent transportation of uranium, as
explained in another chapter of this report. The possibilities of ura-
nium deposits in apron sediments are thus limited by the lack of reduc-
ing environments and possibly by the lack of effective release of ura-

nium, even from rather uranium-rich glass.

Valley Systems

Regional drainage in volcanic regions is accomplished through
valleys that generally run tangentially to the aprons and collect water
runoff from several of them. The major depositional processes in val-
leys are fluvial. Sediments accumulate by normal channel and overbank
processes of rivers. The gradients of valleys should be lower than
those of adjacent aprons, and the valleys should be marked by braided
or meandering rivers. Furthermore, because of their larger watersheds

and potential for ground-water contributions, the discharge of the
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vé]]ey—fo]]owing streams should be less flashy than that of apron streams.
Deposits should be compositiohally more heterogeneous because they are
derived from a number of sources. Deécriptions of fluvial sedimentology
and geomorpho1ogy are numerous. Interested feaders should refer to Allen
(1965), Reinich and Singh (1975), Fisher and Brown (1972), Brown (1973),
Leopold and others (1964), and Schumm (1972, 1977), or to other works

for discussions‘of river systems and sediments. Recent work in undef-’

. standing braided-stream systems includes Eyhon and Walker (1974), Miall

- (1976,1977), and Rush (1971). The discussion of the four braided-stream

models of Miall (1977) is applicable to valley as well as apron systems.
Lacustrine Systems

~ Lakes are 1ike1y‘to,f0rm in either of two situations in volcanic
terrains. Smith and Bailey (1968) suggest that lakes are the rule rather
than the exception within calderas. Certainly such Takes occur.at Crater
Lake, 0regbn,’and‘1n‘the Tbba Cauldron, Sumatra. Lake sediment was im-
portant in fi]]ing the Valles Caldera, New Mexico. Lakes can also occur
whefe volcanic, sedimentary, or tectonic actiyity closes off a Tow part
~of a volcanic field. SUch low-area lacustrine systems would be an al-
- ternative to a vd]]ey syStem in the volcanic-sediment facies tract.
Caldera lakes are déep but have small watersheds. Were it not for
the 10ca1 voicanic activity, they might be expected to have a long his-
tory before the slow input of epiclastic debris filled them. In‘the
Valles Caldera, 2,000 ft'(about 600 m) of caldera fill, including some

proportion of lake sediments, accumulated in about 100,000 years. Nelson
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“(1967)>des¢r15éd Crater Lake;‘prOQiding one of the best‘recent studiés*
ofgCa1dera—F1]1ihg'fakés. Iﬁ confrast with the lakes Smith ahd Bailey
(1968) expeét_ih resurgént cg]deras, CrateflLake is réceiving éediment

~only at a slow réte,sapparenfly because its wéter$hed,is very smd]1 and
becauSe‘Vb1canic activity siﬁce the Mount‘Mazama’eruptioh has not been

" very intense. Nelson (1967)lreports about 60 cm of sediment in the

deepest part of the lake. At the present rate‘of accUmUlation,.about
10m of sediment would accuhﬁ]ate in 100,000 years, a much Tower rate
than that implied by Smith and Bailey.

In terms of facies and process, the sediments of Crater Lake are
probab]y'simi1ar to those of other ca]dera’]akés. The outer margin of
the lake is rimmed and floored by landslide debris from the crater walls
or de]tas ahd sub]acustrine;accumu1atiohs at the mouth of canyons. The
lake floor is underlain by ofganic sedimehts—-ooze debris from algae |
where the lake bottom is in the photic zone»ana diatom tests in deeper
water. Occasional thin intercalations of sand and silt have been in-
troduced by turbidity currents. Eolian contribution of sediments to
Take floor regions is also potentially large. Were Crater Lake to again
become the site of active volcanism, much pyroclastic debris could accu-
mu1ate there. Basica11y, then, caldera lakes can be expected to have

two facies, a coarse marginal facies and a fine central facies. Only

where volcanism is active, however, can significant amounts of Tlacustrine

sediment accumulate in caldera Takes.
Constructive volcanic activity, tectonics, or accumulation of sedi-

ments may create basin-cehte? lakes that would bear the same relation
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:to volcanic apronS thét the‘p1ayas of'thé Basjn‘énd Range Province bear
,to.adjaCent;a11uvia1 fans. 'Such 1akes'wou1d be‘sha11OWgénd would have
.éhOre]ineé that would'migréte rapid1y in response to chéngeé of their
| budget of inflow frqm rivers, direcf rainfa1],'and‘ground—water’discharge,
outflow over the barrier, aﬁd evaporation loss. Unlike ca1dérai1akes,
basin-center lakes have 1argé watersheds and would receive large quanti-
ties of Sedimént, “Shallow basin-center lakes can thus‘be rapid]y filled
with‘sediment and méy sbi]] over whatever sill or topqgraphiq barrier con-
tains them. Ground-water discharge into lakes would provide large quanti-}'
ties df~disso1ved~solfds and promote formation of orthochemical sediment
in the lake. Basin-center lake sediments should include interbeds of
Take-center turbidites,'silts, calcareous rocks, diatomites, eolian ma-
terial, and air—fa]]xtuffs. ‘Shoreline and‘f1u91a1 rocks that accumulated
during Tow standélor prdgradationa] episodes. Away from the basin center,
1ake—éenter fécies would become less common and fluvial or apfon facies
more common.
~In arid regions or regions of predominant ground-water discharge,

basin-center Take sediments could include orthochemical materials. Car—
bonate sediments and evaporites‘are 1mportant in 1ake$ unreiatedbto Vo]-
canism, but in Takes around volcanos the abundance of si]ica.in‘readily
soluble minerals and glass would make silica-rich organic andléhemica1’
sediments more important.‘ Diatomites or high-siTica t1ay‘and zeolite
bedé should be abundant, and most carbonate beds should cohtain chert or

opal. Diégenesis of pléya lake beds is described by Surdam (1977).
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Uran1um in Va11ey Systems or Lakes
‘Many sandstone uranium depos1ts are in f]uv1a1 rocks and several

aspects of valley systems 1n ‘volcanic sed1ment terrains make them the
most favorable targets for exp1orat1on for uranium deposits. Stream
channe]ways are better def1ned in them than 1n apron regions, and re-
a-su1t1ng sediments should form exce]]ent channe]ways for the passage of
ground=water' Areas of poor dra1nage such as 1akes and swamps m1ght
exist on f]oodp1a1ns, and organ1c matter m1ght accumu]ate “in them If
the rate of accumu]at1on is Tow, so11-form1ng‘processes may‘be_1mpore
tant in.va11ey regions, 1eaddng‘to effective release of uranium from
VO1canic g]ass, as will pe explained in another section of this report.
Consequently, valley systems!of'yo1canic regions combine all three e]e?
ments necessary to produce sandstone uranium depOsitsf sources of ura-
ninm, pehmeabi]tty‘channe1s,,and reducing conditions.  Conversely, ff
there are“areas'of ground—water discharge, concentration;of’uranium‘in- '
to caliche oh other evaporatdve’phases may ocourQ | |

‘ Lake‘sediments that contain abundant volcanic material are also
potential hosts for uranium deposits. Deposits‘in the Date Creek Ba-
sin (Otten, 1977) and shows of uranium in the?Virgin~Va11ey'region
(Henry, this report, Chapter VIII) occur inv1ake deposits. Lakes trap
much Tocal surface'runoff and may receive grodnd-water discharge.v Or-
“ganic matter, which may be cbmmon in lake waters and sediments, may

trap the uranium, or it may accumu1ate in uraniferous opal.
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Eolian Systems

Eolian deposits are common wherever Toose sediment is available for

“wind transpokt, in deserts, ih glacial or berig]acia] regions; and along
coasts. Volcanos that produce aBundant fine glass shards, as those in
‘Trens-PeCOs Texas did, mighf also favor formation of abundant ed]fan de-
posits unless grthh of vegetatidn was fapid enough-td stabilize the

“accumulation of volcanic debris. Two kinds of deposits form as a result‘

of»éo]ian activity:. sand dunes and other deposits that represent accumu-
1ations‘0f bed 10ad, and loess--sediments built of airborne suspended

Toad. Génera]]y the tWo kinds of deposits are found in different re- |

'gions.because the atmosphere separates bed load and suspended Toad more

complete1y'than do‘rivers; On]y dune sediments have been reported from

vo]can1c reg1ons, SO th1s d1scuss1on will not include loess even though

s11t—s1zed ash part1c1es are abundant and ]oess derived from volcanic
sources may be common. ‘

Eolian systems are commonTy thought to be the result of wind acti-
vity'where‘envirohmental conditions leave broad areas unprotected by
plants from'wind erosioh, such as on f]oodp]ains, beeches, Qf glacial
outwash fans. Sand dunes are most common 1n‘¢oasta1 or desert regions.
Loess is mostFOften ascribed to coﬁditions,re]ated to glaciers, though
studeﬁts of the subject point out that desert loess is also common.
Flint (1971) emphasizes that the common condition of coastal, desert,

and periglacial regions is the abundance of loose, unvegetated sediment.

“He then points out that if such loose sediment could form in humid areas,

loess and sand dunes might-resu]t. Flint points out that lowering of
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Vthe‘water tab1e, as might 0¢Cur on alluvial fans as a result of entrench-
ment of streams or migration: of channel ways, may kill vegetation and
Teave marshytareas dry, increasing avai]abi]ity of loose sediment for
| w1nd erosion. | |
Dune sediments consist of f1ne to med1um sand, with some interbeds
. of bimodal sand and granular sand (Folk, 1968). The deposits are cross-
bedded in 1arge-sca1e sets or parallel 1annnated Processes of eolian
sand depos1t1on and the resu1t1ng strat1f1cat1on types have been studied
- by Hunter (1977). Though his work was done on sma11'(1 to 10 m) coasta]
dunes, the observations are probab]y app11cab1e to larger inland forms;
certa1n1y h1s are the most usefu1 observat1ons to date. Hunter recog-
nizes three basic processes active in dunes; deposition from a trac-
fion carpet where saltating and creeping grains are trapped in she1tered
positions between grains;-fa]] of grains into f]ow—separation zones where
the air flow does not reach the ground surface; and avalanching on slip
faces of dunes. The first and second of these, which Hunter calls "trac-
tion deposition" and "gnain-fa11 deposition," nespectiyely, form‘the ends
of a continuum‘of processes.§ Ava]anching,’nhinh may occur by sTumping |
or by grain flow, is really a secondary process, but one which forms a
distinctive kind of sedimentary structure. |
Traction deposition occurs on either ripple or planar bedforms.

Plane-bed deposition forms faint, horizontal 1am1nae a few millimeters
thick but iS'rare Ripp]ed beds are the.common depositional bed form
vfor traction deposits, and c11mb1ng r1pp1e strat1f1cat1on is the common
_type of internal structure. Hunter describes translatent sbrata rip-
ple-form 1am1nae, and r1pp1e foreset cross-laminae as three types of
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stratification formed by thése processes. Translatent strata are de-

'posited by c]imbing ripples in which the foreset lamination is not vis-

~ible. Because eolian ripples have coarser material in their upper parts

and finer in their'troqghs, translatent strata deposited by eolian pro-
cesses cbarsen upwards. Ripp]e—fofm 1aminae_and ripple foreset cross-
1amination are rare in eolian deposits. |

Grainfall Tamination forms in areas of flow separation where‘grains
fall fkdm fhe’sa]tation cloud directly fO’the depositional surfdce.

Grainfall formé.poorly defined laminae a few millimeters thick that~

closely parallel the surféce on,which‘they are deposited.  They resemble

the rare horizontal laminae formed by traction deposition during high
wihds, but have high initial dips and are amohg the most common of eo-
lian Sedimentary structures.

Because of the steep angles of dune slip faces, grain flows, slumps,

and slumps that convert to grain flows are common. The most common are

grain flows in which the grains are temporarily supported by dispersive
pressure and transported by gravity. Dispersive pressure sorts the -
larger grains ubward.in the moving mass and they tend to outruh_fiher

gkains. Hence the deposits coarsen from the Tower to the upper boundary

" of the layers they form, and the toe generally contains more coarse grains

than does the head of the deposit. = The Tlayers themselves are generd]]y

arcuate to complex in cross section and are found on preserved slip faces,

~ commonly interbedded with grain-fall deposits: (Hunter, 1977).

MéKee (1966) describes large-scale cross-stratification developed

~in eolian dunes by the grain fa]] and avalanching processes of Hunter
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(1977). Though stratificatieh differs}siightiy in differenf ddne types,
~five featurés aPpear to be cdmmon in'eross—stratification.ihbdunes deQ»
veloped by unidirectional wiads: ‘medium to 1akgefscaie cfoss strata are
characteristic and eommoniy attain dips of 30°3to‘34° downwind. = Bounding
surfaces of these sets are herizontai or dip dbwnwind at low angles. In
, the‘downwind parts_df Targe dunes, bdunding sukfaces of:sets.of‘medium
to‘1ar§e4sca1e,cress—strata dip downwind at 20? to 28°. The thickestr
sets of cross-strata oecur’at the bottom of the dune, and the sets thin
progressiveiy‘up through theidune Finally, the sets of.cross-strata
grow thicker downw1nd w1th1n each dune (McKee, 1966)

Several authors have made studies of broader aspects of dune fields
and added to-knowiedge of eoiian stratification (E]]wood and others, _
1975; McKee, 1966;‘McKee and:others, 1971; Walker and Harms, 1972; Biga_
reiia,'1972; Wilson, 1972). Wilson describes hierarchies of eolian bed-
forms, from ripples through eonventionai sand dunes, to 1arge forms com-
prising seiera] sand dunes. .;McKee (-1966) describes several types of conA
ventional sand dunes-—features with heights of a few meters and wave
lengths of tens to hundreds df meters-ftransverse dunes, barchans,ipara—
boiic dunes; and dome dunes.ﬁ McKee points out that in White Sands, New
Mexico, the form of dunes changes from dome dunes to transverse dunes to
barchans or pafabo]ic dunes in a downwind directibn

" The. presence of eo]ian depOSits in voicanic sediments in Trans Pecos
Texas results primarily from the abundance of ]oose debris avaiiable for
w1nd transport and only indirectiy from volcanic activity. ~In this re-

spect, these deposits differ from the vent-apfon-vaiiey facies sequences
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thét are‘the‘deposits df the three geomorphic environments charac- |
terizing the‘afea. The occurrence of eolian facies is consequently
1ess predictable--it may fbrm at any.time that the loose debris is
preéent andbmay havé any spatial keTation to the remainder of the vol-
canic sediment deposits: eolian débosits will Tlie in a direction.down—
wind of‘their sediment source. Their presence is favored by the Iack
of effective p]ant cover: abundant paleosoil horizons, which indicate

extensive plant cover, may indicate that eolian facies did not develop.

Uranium‘Potentia1 of Eolian Facies Rocks

The eolian facies of the Tascotal has not uﬁdergone extensive dia-
genesis; parts of the eolian faciés in the Vieja GrOUp\havev(Wa1tbn,
1975, 1977a); The potential for uranium deﬁosits 1n‘eo1ian sediments
is simi]ar to that of fine-grained apron sediments.‘ The sand-rich na-
‘ture of the sediment promotes considerable primary permeabi]ity‘that
may. be reduced if the glass undergoes diagenésis. Eolian sediment is
almost devoid of reducing material, so uranium, if released and com-
plexed, can be transportéd,'but’no suitable traps exist to form bre-
grade deposits. Like fine apron sedimeﬁts,keolian deposits are better
sources of uranium than they are sites of mineralization, but may not

ever have effectively released uranium to solution.
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III. SYSTEMATIC ANALYSIS OF A VOLCANIC SEDIMENT SEQUENCE:

THE TASCOTAL FORMATION
1

| by Anthony W. Walton

ABSTRACT

vThe Tascotal Formation fs‘afvo1canic sedimentary part of the Buck
Hill Vo]canic‘Series.’ Five informal volcanic sedimentary members of the
Tascotal are (1) the active-apron member, (2) the Tower cong]omeraté‘mem-
ber, (3) the southern aproh membér, (4)'the eolian member, and (5) the
Perdiz member. The Solitario fan member and the Fresno volcanic member
make up the rest of the outcropping Tascotal. Theée members are 1ithq—
logically distinct because they result from different depositional sys-
. tems, that is, they formed in different geomorphié environmenté of depo-
sition.‘

The active—apron member is a sequence that generally coarsens up-
ward from distal-fan to mid-fan deposits that accumulated in\P]atte—
type braided systems. These deposits are oVer]ain by channel-fill depo-
sits that accumulated in fanhead ‘trenches. Thelactive-apron member con-
tained abundant vOTcanic glass shards when it was formed, and it must
Have accumulated during the time of activity of a large volcano that
hadkan explosive mode of eruption. Paleocurrent data and othér consi-
derations indicate that the active volcanism was in the Chinati Mountains.

The Perdiz member, which is continuous with the Perdiz Cbng]omerate,

is the coarse-grained fan of material that accumulated around the Chinati

1Department of Geology, University of Kansas, Lawrence.



Mountafhs after volcanic activity ceased there. The contrast between the_
Perdiz member and the activeéépron member 111u$trates the differences bet-
ween sedimentafibn around an active volcano and'sedimentatidn around an - —
1na¢tive volcano. B | |
The Frésno'vo1canic’member, consisting mostly of lava flows, accumu- |
, lated around the Bofecillos §o1cano, which had a quiet rather than explo-
éivé mode of eruption.‘ No a¢tive apron formed around 1it. instead, the
Tava fTows ovér]ie’or 1nterfinger with sediments of three other mehbers:
(1) the Solitario.fan.membekathat formed as alluvial fans around the Soli-
tario Uplift; (2) the soﬁthern apron member thét formed around an Qniden-
tifiable active volcano; andf(3)'the Perdiz membér.
The Tower cong]omérate,membek,formed in a Dohjek-type braidéd étream
that flowed between the Chinati-derived aprons to the north and the Soli-
tario—Bofeci]]os'area to.the'south. The eolian member lies between the -
aétive—apron member and the Perdiz member. If accumulated while the
apron‘streams adjusted‘their‘gradients from thg Tow values characteristic
of active-apron sedimentation to the higher values that mark inactive

aprons. ' 3 ‘ -

~ TASCOTAL FORMATION

The Téscota1'Formation is an eastward-thickening wedge of sediméht —
| ~up to 250 m-thick'that crops out along the va11ey‘of Alamito Creek fn the
bluffs of‘Tascotal Mesa and in the Bofecillos Mountains of Presidio County,
Texas (fig.li). The formation has been truncated on the east by'erosion‘
and pinches out against f]oWs of the lower s]dbes of the Chinati volcano
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along a north-south 11ne not far west of its outcrop belt. The Téscotal»
‘consists of sandstone with smai]ernamounts of conglomerate and sha]e'and‘
a trace of 1imestone. Most of.the constituentS are of volcanic 6rigin
and are matéria] Fisher,(lQGi) would describe és "pyroc]aétic"‘or "epi-
clastic." With the exceptioh of a few air-fall tuff 1ayefs, this paft

of thelTascota1;is the resulf of sedimentary b?ocesses, and the rocks are
best described as "volcanic sediments.” 1In the Bofecillos Moyntains, the
Tascotal includes much volcanic rock.

| The objective of this chapter is to descr1be the depos1t1on of the‘

Tascotal Formation in order to understand it in terms of its depos1t1ona]
,env1ronments and its re]at1on to activity at the Chinati vo]cano See
chapter VI for a descr1pt1on4of the effects of diagenesis on its urahium

content.
Stratigraphy

Boundaries
The hame “Tascota]" was suggested by Go1d1ch and Seward (1948) for
a sequence of wh1te rock that Tay between the M1tche1] Mesa Rhy011te and

the Rawls Basalt of the Buck :Hi11 Volcanic Series. This interval was

studied by Erickson (1953), who described a type section at Wire Gap where

he found a Tower tuff member‘and an uppek sandétone and conglomerate mem- .

ber. The type section actually consists.of fbur units. The lowest unit,
‘145 m thick, conéists of white.to pink, thin-bedded 6r crossbedded vol-
canic sediment in Whiéh most‘glass has been diéso]ved and turned into

| zeolite. The next interval, 57 m thick, consists of light-colored vol-
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canic sediméht that.disp1ays 1arge-sca1é crossbeds that are'interpretéd '
to be df eoTién origih “Above th1s 1nterva] 1s 30 m of 1nterbedded sand-
 'stone and cong]omerate conta1n1ng gra1ns ranging up to cobb?e size, in-
‘c1ud1ng both vo]can1c rock fragments and carbonate rock fragments The
-,uppermost interval of the type section is 15 m th1ck and cons1sts of
pumiceerich‘séndstonelahd c0ng]omerate$._ This_interva1 is mentioned
again below in,conjunction‘with a discusSion éf the ubper»boundary of
the Tascota] ‘Thesé and other members of the Tascota] are summarized
Cin tab]e 1 their d1str1but1on and- the boundar1es of the Tascotal are
indicated in f1gures 2 and 3. |
The Tascota] Formation overlies Mitchell Mesa Ignimbrite, a welded
~ash-flow fuff'erupted'from the Chinati Mountains Volcanic Center ahd
spread over much of the Trans-Pecos volcanic field (Go]dith and Seward,
1948; Burt, 1970). - The Mitchell Mesa consists of two members. The
’1ower’member’isfa_brysta1-rich'ash-f]ow tuff with characteristic chato-‘_
yant sanidine crystais.v This member is widely distributed throughout
the Trans-Pecos volcanic field; it is the part originally described by
Goldich and Elms (1949) and ié the Brite Ignimbfite of DeFord (1958).
The upper member is a lithic ash-flow tuff described by Burt (1970) from‘
1oca11tiés north of the Chinati Mountains.: It has also been_fodnd in
localities at the foot of San Jaéfnto Mountain and on the PeﬁitasuRanch
in the valley of Alamito Creek. The Mitchell Mesa is absent bver some
domes in tﬁe Bbfeéi]ios Mountains; and in these places, the Tascotal
(or-Fresno)'direct1y overlies Tule Mountain Trachyandeéite or Cretaceous

strata (McKnight, 1970)1
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Figure 2. Nomenclature and boundaries of the Tascotal and related strata
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The upper boundary of the Tascotal Formation is not so ‘neatly de-
fined. Erickson (1953) used the base of the flow rocks of the Raw1s For-
mat1on as the top of the Tascotal. However, at the type section, the
uppermost interval of Erickson's Tascotal Formation is a conglomerate
composed of’pumice and clasts of Qark flow rocks. It is 15 m thick at
Wire Gap and thickens to about 40(m at the Murphy Bennett section to the
south. As will be clear from the discussion below, this unit must re-
present a cycle of vo1¢anic activity different from that which formed
other strata okigina]]y inclnded in the Tascotal. Because of this and
because the pumice—richlconglomerate is so unlike the rest of the Tas-
~ cotal, it should not be inc]uded in the Tascotal. Dietrich (oral com—
munication) rem1nded me that an ash flow tuff ]ayer a few meters thick
occurs}at‘the top of th1s pum1ce—r1ch layer 1n the southern,part of the
escarpment of Tascotal Mesa. He correTated this unit with the Santana
Tuff (Maxwell and Dietrieh, 1970). If his correlation is correct, the
pumice unitbmight be included in Tascotal, but probably represents events
closely related to emplacement of the several ash flows of the Santana.
If so, the pumaceous conglomerate should be considered a facies of the
Santana. This interval might also be assigned to the Raw1s Formation
because it closely resembles the nohwe]ded ashef]ow tuffs that McKnight
(1970) mapped as part of member 2 of the Raw]s, ciear]y overlying the
Santana. This‘member'consistsvof pnmice clasts up to severaT centimeters
in d1ameter mixed with dark volcanic rock fragments (VRF's) that appear
to have a maf1c to intermediate composition, similar to that of flows
in the Bofecillos Mounta1ns. A]though Rawls member 2 1s.volcan1c and
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the,ﬁumice-rich cong]omerétes are sedimentary, the two sequences are
similar in appearance.

Dietrich (1966) demonstrated that the cong]omerate layer near the
top of the Tascotal Formation (the third member from the base of the type
section) is continuous with the Perdiz Conglomerate, a major sheet of
gravel spread from the Chinati Mountains to the northeast and southeast.
‘This gravel layer is part of the Tascotal Formation as far west as the
course of Alamito Creek. West of that creek, the Perdiz will be listed
as a separate formation. The Perdiz is described by Jordan in chapter
Iv.

North of the Tatitude of Plata, the Tascotal Formation is overlain
by a sequence of black trachyandesite porphyry, generally called the Pe-
tan Basalt. The Petan Basalt was originally defined by DeFord (1958) as
part of the Vieja Group, a sequence of volcanic sediments and volcanic
rocks that occurs in the Sierra Vieja on the western side of the Trans-
Pecos volcanic field. In the Sierra Vieja, the Petan direct1y overlies
the Mitchell Mesa. Ramsey (1961) correlated the Petan Basalt, as DeFord
defined it, and the black lava rocks that crop out along the west side
of the valley of Alamito Creek. Where the Petan is present, it forms a
separate formation overlying the Tascotal and separating it from fhe

Perdiz Conglomerate.

The Fresno Formation

On the basis of outcrops of the interval between the Mitchell Mesa
Rhyolite and the Santana Tuff in the Bofecillos Mountains, Maxwell and
Dietrich (1970) defined the Fresno Formation. Where the Santana is absent,
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~ This def1n1t1on is. exact]y equivalent to that of the Tascota1 by Erickson
| (1953) because the Rawls Format1on overlies the Santana More of the Fresno
~area as mapped by McKnight (1970) and Dietrich (1966) is overlain by Rawls
than ie‘over1ain by ‘Santana. ‘Maxwell and Dietrich (1970) justified this
new name by stat1ng that, in the Bofecillos area, the 1nterva1 in quest1on
is most]y occupied by vo]can1c rocks.
In the center of the mountains, this is true; but along the'Rto Grande
near Redford in the vicihity of Bfg Hi1l, and in the lower part of the val-
-‘,1ey of ‘Fresno Creek the Tascotal interval ‘is predomlnant]y made up of sed—
iments. The “Fresno“ is a lens of volcanic mater1a1 from a few 1oca1 vents
surrounded by_sed1ment from severallsources; the Solitario Uplift, the Chi-
nati Mountains, an unknown source of volcanic material in Mexico;rand high-
lands where sedimentary rocks were exposed to the west of the area of out- |
‘crop. Each‘of-these, the volcanic Tens and the several masses of sediment,
.is the result of a rock—fotming systembin the sense'deve1oped in the pre-
vious section of this report. As a mapping unit, the Fresno of Maxwell |
and'Dietrieh(1970) is useful, but in terms of understanding the development
of this region as a volcanic field during Oligocene times, it is better to
~divide the interval between the Mitché]] Mesa and the Rawls, or Santaha,,‘
~into a number of members that are ]1thoTogicaf1y and genetic&]]y'distinct;
‘The name "Fresno" will be retained for sometof these—ethe lens of volcanic
rocks in the.BofecilTos.Mountains,-‘ |
The Tower bouhdary throughout the area, the Mitchell Mesa, is an ex-
,ce]]ent time_horizon. Different vo]canicbunits over]ie the Tascotal For- |
“mation at d1fferent places, and the 1nterva1 assigned conveniently to the
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Tascotal differs from place to place. At the type settion, the=Tascota1‘ o

is overlain‘by‘sédiments and flow rocks of the Raw]siFormation. To the
soufh, it is overlain by the Santana Tuff in outcrdps along the Rio Grande
and along Fresno Ckéek. 1T0 the‘nokth of the type sectioﬁvand west of Ala-
mito Creek, the boundaries aré strafféréhhica]]y 1ower;  The Tascotal is
over]ain‘by the Pefdiz Cohg]omerate over a small area east of the Cienega

| Mountains; A]onglfhe'valley 6f Alamito Creek,‘north of the Tatitudé of
Plata, the Tastota1_is overlain by the Petan Basalt. The Rawls is not a
time horizon, but it serves as an easily 'corré1atab1é boundary. Because
of its well-marked bbundariesL the Tascotal is}an ideal package of sedi-

ment to analyze in terms of its formational systems.
Age

No radiometric-age determinations are available for the Tascota1 it-
' self,_nor haVe enough vertebrate fossils been collected from it to permit
accurate p1acemeht within the system of North American land-mammal ages.
But the volcanic units above and below the Tascotal Formation have been
dated by the K-Ar method,’andithe period of time in which the Tascotal
was formed is known. Eighteen samples from the Mitchell Mesa, which under-
lies the Tascotal, haVe yielded an average age‘of 31.5 m111ion years
(McDowel1, 1978). The Santana Tuff, above the Tascotal along the Rio
Grande, has‘been dated by McDowell (1978)"at 26.3 million yéaré. McDowe]]
(1978) has also defermined ages of 22 to 26.2 mi]]ion‘years forvseveral
samples from the Réw]s Formation overlying the Tascotal in the Bofecillos
Mountains. Clark and Gi]]i]and (1978) report ages of 26.7 million years
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5vfor the Rawls ahd 33;0‘m11110n years: for the’Petan Basalt. . The single,age
‘:for’ﬁhevPetan is probably unreliable because it overlies the weT]-dafed,

- 31.5-million-year-old Mitchell Mesa. | )

| The‘Chinati‘MoUntainstkoublis reported by McDowell (1978) tovrénge.
in ége from 32.1 to 3it2,m111ion years."Cepeda (1977, 1978) conc1udés that
these flows fill a ca1dera”fhat formed as the Mitchell Mesa RhyOTite'was
empiaced. If this éonc1usion is correct, af least part of the Tascotal

formed while the Chinati Vo1éanic«Centér was active.
Stratigraphic Subdivision

ErickSOn (1§53) recognized two barts‘of the Tascota], a lower inter-
val of thfn—bedded, flaggy, white or Tlight-gray tuff (for example, sedi-
 méntary rock composed of materia]:of vo]canft deriyatibh) and an upper
part thét is gray or buff and Conﬁists>0f sandstone and Cong]oméfate.
McKhight (1976),de$cribed a similar th-fb]d subdivision of the Ffesnb
in the Bofeci]]os Mountains. However, the subtle color dffferehcés'be-
tween the upper and 1owér parts of the TascotaT are the'résuitsbof diaQ-
genesis. Fukthéfmore, the differences in grain size nqticed‘by Erickson
(1953) and attributed byiMcKnight (1970) to change of depositionaT mode
'fkom air-fall to f]dvia]vsed}mentétibn are the effects of changes of
isedimentlcharacter related to processes occurring in the ChinatibMoun—
taiﬁs aé\actiVe volcanism climaxed and waned there and other events in
_Y'the histdry of the Trans-Pecos Volcanic Fie]d..'qu this reason, I pro-
pose an alternative informal subdivision; based on the process of forma-
tion of‘the rocks. Litho]ogic character and ‘interpretation of»these.
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members will be discussed after their geographic‘distribution is described
and some information about the source of the Tascota] is presented (tab1e

1, f1gs.”2 and 3). These members are more akin' to the depos1t1ona1 Sys-.

‘tems of Fisher and McGowen (1967) or Galloway (1977) than they are to for-

mal members.

~Active Apron Member
: The act1ve-apron member makes up the Tower 145 m of the 250 m type
~section of the Tascotal at W1re Gap and forms the great bu]k of the for-
~mation. It extends from the northermost outcrops’of the Tascotal, west
of San Esteban Dam, about 10 km south of Marfa, to south of Wire Gap.
The wh1te outcrops all a]ong A1am1to Creek and east of Plata and Casa
- Piedra are ass1gned to th1s member.

“ The:act1ve-apron_member consists of white, pale-buff, 1ight-gray,
or pink sandstone with rare interbeds of conglomerate and claystone.
Grains inbsandstone are predominant]y of vo]canic origin-;glass shards
and pumioe, p1agioc1ase, sanidine, volcanic quartz (Folk, 1968), volcanic
rock fragments, and heavy minerals such as pyroxene, biotite, hornblende,
and 1amorobolite. The rocksuare bedded, sorted, and crossbedded, and
they‘disp1ay scour-and-fill structures in a manner that implies deposie
tion by flowing water. A few beds of air-fall tuff occur in most sec-
‘ t1ons, but they constitute 1ess than 1 percent of the vo]ume of the for-.

mation.

Eolian Member
Dietrich (1966) and McKnight (1970) noticed eo]1an crossbeds in the
: Tascota] Format1on 1n several Tocations, espec1a11y along the rim of
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,:TaseOta1 Mesa‘and at'Severa1'p1aces.fngthe Bofecillos Mountains. In addﬁ— =

tion eolian sandstones occur west of Alamito Creek to a point north of the

latitude of Casa Piedra. = From there, southeast to the south end of Tasco- ,

5 ta] Mesa on the Auler Ranch, the eo11an member makes a-continuous layer

tthat is about 40 m thick near Wire Gap and 25 m thick at the Tascotal Mesa

North Section on the San Jacinto Ranch due south of San Jacinto'Mountain.'

~ The eolian member consists of crossbedded fine to medium sandstones in

which crossbed sets range up to 25 m thick. Its constituent grains are
similar to those of’the'active-apron member bdt'are better sorted by size
and are better"hbunded Glass shards are more abundant in the e011an mem-

ber than in parts of the act1ve -apron member

' ,Perd1z Member _

The upper part of the Tascotal at W1re Gap and e1sewhere along the

~ face of Tascotal Mesa consists of coarse'sandstones and cong]omerates.

At Wire Gap, at the Windmill Section, and at the Tascotal Mesa Section j

this interval totals 30 m‘thick; At the Mnrphy Bennett Section to the
south, it 1s‘thinner, 21 m. Djetrich (1966) Was able to trace this layer
south of the Cienega Mountains to outcrops assigned to the Perdiz Formae‘
tien. It a]so‘continues-—with only small interruptions east qf the
Cienegas-—to Tink up with_outcrops of'PerdiZ Formation that overlie Pe-
tan Basalt and capnthe Frenchman Hills, the_Cuesta de]yBurro, and the

Oak Hills (Ramsey; 1961; Jordan, this report, chapter IV). East of Ala-

mito Creek and in the weétern‘part of the Bofecillos Mountains, gravels

at the top of the Tascotal are thinner and difficult to map separately.
I wi]] consider them to be a member of the Tascotal Formation. Thus the
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s'PerdiZ'member of the’TaScotaT crops out a1ong the face of -the Tascota]

v‘southeastern part of the Bofec11105 Mountains or along the Rio Grande,

’as the on]y outcrops of early Pa1eozo1c rock, 1nc1ud1ng white and green

Mesa from Alamito Creek to the Au]er Ranch. It also crops out in the : ?%

Botella Horst and in the Torneros Dome reg1ons in the western part of f‘ ~

_the.Bofec1llos Mounta1ns; 1t‘1s 20 m thick near the mouth of Tapado Can— o —

yon. Cong]omerates are not present at the top of the Tascotal in the

southeast’of‘Tapado Canyon.

Lower Cong1omerate Member-
The section exposed on the face of Tascotal Mesa, near the headquar-

ters of the Murphy Bennett Ranch, is quite d1fferent from the type sec—

tion on]y‘6 km to the north northwest at Wire Gap. The bottom 146 m of ' r

exposed section consists of interbeds of cong]omerate and sandstone, with

.some clay beds and a sing]e.ped of’]imestone;,}The conglomerates are com-

- posed of a mixtore of vo]Canic rock fragments and limestone fragments.

Some beds conta1n white and green chert c]asts probab]y derived from the -

Solitario Up11ft This type;of rock is not,exposed elsewhere along the

Tascotal Mesa escarpment but outcrops of this level are not good at other
Tocations nearby. However, simi1ar rocks occur Tow in the Tascotal near

the Internationa] Boundary and Water Commission Gauging Station on the

Rio Grande below Presidio (Dietrich, 1966).

Solitario Fan Member
| The So]1tar1o Uplift 11es JUSt east of the Bofec1llos Mountains. ‘In

its core are exposures of 1gneous rock and Cretaceous sed1ments as we11
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Chert,'in the vicihity. ‘Adjacent'to,the Solitario, conglomerates contain
clasts of these distinctive cherts. Outcrops of such cong1omerates}occur
in Fresno Canyon, elsewhere in the’eastern Bofecillos Mountains, and on

" the Auler Ranch, near thé south end‘of Tascotal Mesa. Some cong]omefates
“in the lower part of the Murphy Benheft section of the Tascotal contain
clasts of‘these cherts as well. Oufcrops of this interval are rare;
mostly this member'under1ies gravel-covered slopes. . Little conclusive

-evidence of its mode of formation is available.

Southern Apron Member

In most outcrops ih the Bofecillos Mountains, the Towest part of the
Tascotal consists of volcanic sandstones with some interbeds of congtome-
rate or mudrock, very'mUCh like the active-aproh member of the Wire Gap
region but brobab]y not continuous with it. This member disb]ays Cross-
bedded or structureless, water—deposited.sediments. The sediments are
commonly a pa]ngreen color that’distinguishes them from most sediments
of the active-apron member. Thé southern apron‘member is commonly about
100 m thick in outcrops along the Rio Grande; the thickest measured sec-
tions are iﬁ Tapadd Canyon, but the base is hbt exposed. The unit is
generally thinner and haé a smaller extent of diagenesis 1in the south-
eastern part of the Bofecillos than it does elsewhere. McKnight (1970)
interprets\it as pinching out under the'Bofecf1los volcano. It a]so'cfops
out in a ddme north of thé Bofecillos volcano, so that it may have pre-
dated activity of the volcano and may confihﬂé as a layer of more or less
constant thickness beneath the volcanic edifice, thinning over domes-that
stood above the general elevation. This unit underlies flows of the ersno
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vo]canfc member of the Tascotal. McKnight (1970) discerned an upper lay-
er of sediment and tuff in the Fresno Formation above the flow rocks. His
measured-section deScriptions indicate that thjs unit is commonTy conglome-
ratic, where exposed, but outcrops were poor at many eections. Probably

the sediments that formed after the Fresno vo1canic member can be assigned

" to the Perdiz‘member of the Tascotal Formation.

Fresno Volcanic Member N
Dietrich (1966), and M&Xwe]] and Dietrich'(1970)rargue that rocks

that crop out in the interval between the Mitchell Mesa Rhyolite and the
Rawls Formation‘or‘Santana Tuff in the Bofecillos Mountains are diffe-
rent from those in‘that fhterva] in ‘the Tascotal Mesa Quadrangle mapped
bnyricksoh (1953). They‘therefore propose to assign these rocks to

the Fresno Formation, Which,xfhey point out, is almost exactly eQbiva]ent
to,the Tascotal. The major purpose of thie report is to interpret the
,stratigraphic interval that includes the Tascota] of Erickson (1953) and
the FreSno_ofeDietrichv(1966) and Maxwell and Dietrich (1970) in terms

of the mosaic of depositionai‘facies,tbat Ted to accumulation of rock at
that place and time. To separate the Fresno Fbrmation from the Tascotal |
Formation calls attention tofdifferences between them, but the Fresno,

as mapped by Dietrich (1966)‘and McKnight (1970); includes amounts of
sediment that are'comparab1e‘to the amounts of igneous rock in the Tas-
cotal. Furthermore, some members‘can be traced from Fresno to Tascotal,
and both formations inc]ude volcanic apron members Recognizing a Fresno
volcanic member of the Tascota1 Formation emphasizes the true d1fferences
between the type Tascotal and rocks of the same age in the central
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Bofecillos, but‘it'a1so points out the sim11ar1ty of rocks exposed along
the Rio Grande to typical Tascqta1. ‘ |

The Fresno volcanic member includes theITarge flow rock units of the}
‘Boféci1los Mountaihs, Mcknight's (1970) mafic trachyandesite, latite, and
]atite porphyry. These flows crop out in the areé of the Bofecillos vents
“and in several smé]] domes near them; south from fhere at the mouth of
Tapado Canyon. They extehd eastward uhdef outcrops of Santana into the
cliffs of the so@theast margin of the Bofecillos and the west wall of
~ Fresno Canyon to the north. The member also inc]udes‘a va]1ey—fi11 se- |
‘duence exposed in‘the Upper part of Fresno Canyon. It overlies the south-
ern apron member and is‘over]ain‘by the Perdiz member, the Santana Tuff,

or the Rawls Formation.
“Volcanic and Structural Background

At the time the Tascotal began to form;bthe Chinatis had just under-
gone a major ash-flow and ca1dera—fbrming eVent that led tb the emplace-
| ment of the Mitchell Mesa welded ash-flow tuff. This caldera-forming
event was succeeded by a sequence of eruptions of magma into the Chinati
Caldera which led to the formation of the several flow units described
kecently,by'Cépeda (1977). These rocks postdaté major caldera--forming
activity in the Chinatis. Cohsequently, the Tascota] records the period
of.timé during which the Chinati MQuntains‘wére undergoing a gradual de-
c]iné of volcanic activity leading to their eventual demisé as a volcanic
center. The'Bofeéillos Mounfains, which 1ie to the south of the type
area of'the TasCQtal outcrop, weré the site of vo1¢anic activity forming
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_the Fresno member and much of the Raw]s‘Formation. Activity at this cen-

‘tér‘begah:1ate during the period in which the Tascotal was formed. Further
lto‘the‘south; beyond the Rio Grande in Mexico, activity began late in the
perfod during which the Téscota] formed in an area centering on Sierra
Rica. The Santana Tuff and a quartz-feldspar welded ash-flow tuff, mapped
by McKnight (1970) as fhe Big Hill Intrusion, may have come from that cen-
ter;

The Paisano‘voltano deséribed by Parker (1970) serves as the north-
eastern‘bOUndary‘of the Tascotal depoSitidna] basin. This volcano had a
history of eruption that preceded formation of the Mftche]] Mesa Tuff.
Consequent]y, that center‘was}in its declining stages or was actually in-
'activé at the time the Tascotal was formed; it was probably a high aréa
that was»undergbing erosion;v Most of the activity in the Davis_Mountains
also preceded formation of the Tascotal.
| Just before the beginnihg of the period during which the Tascotal
- was deposited, the Mitchell Mesa ash-flow had filled topographic lows and
.subdued local rel{ef, leaving a gently sloping plain. This gently slop-
ing plain was ihterrupted by a few highlands; for example, no Mitchell
MeSa waé deposited west of A]amito Creek in the vicihity of the Cienega
Mountéins'in én area which may form the wall of an ear]y caldera of the
" Chinati volcanic centef cdmpTex.',The slopes at this time were generally
east of the Chinatis and the highlands south of that range. Slopes on
the northern side of the Chinatis are not known: probably they were to

‘the north or northeast, away from the center'of volcanic activity.
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"Pre-existing tOpography.1oca1ly influenced s]ope directions e1sewhere

The So]1tar1o Uplift east of the Bofec111os Mountains began to rise be-

- fore the M1tche11 Mesa formed (Wilson and others, 1978) and shed its
| ‘character1st1c debr1s composed of Cretaceous 11mestone clasts and d1s-

tinctive cherts from Paleozoic sed1ments}exposed w1th1n the up11ftg Ev1-

dence in the southeastern part of the Bofecillos Mountains in the vici-

»'n1ty of LaJ1tas and B1g Hi1l suggests that s]opes there were 1oca11y to
~the west off the Ter11ngua monocline and other structura] features that :,

“had developed earlier in the history of the region (McKn1ght, 1970).

Thus the known‘ﬂimits‘of deposition of the Tascotal Formation in the

| Un1ted States were the Solitario and Ter11ngua monoc11ne areas on the

southeast and the Chinati Mounta1n area on the west. Unfortunate1y the

‘11m1ts due east of the Chinatis, where erosion has removed the Tascotal
..north of the So]1tar1o, are not known. The'11m1ts of the basin on the
‘ north, in the vicinity of Marfa and the northWest are not known beCause,k

they are buried under later rocks.

The actual Timit of the Tascotal’Formation on the west can be lo-
cated with some degree‘of‘precision,f It does not crop out in the valley
of A]amito Creek in the vicinity of the Ocotillo sidfng in the Ocotillo
(15-minute) Quandrangie (Dietrich, 1966). In this area the Perdiz 1ap$

directly onto Cretaeeous and Permian rocks. Similarly, along the ridge

»extending north from the'Cienega'Mountains, the Tascotal does not occur,

and rocks of the Morita Ranch Formation crop out on the divide between

_Alamito Creek and Cienega Creek. Near the crest of the Frenchman Hills,

Just east of‘Highway 67, outcrops of Morita Ranch Formation units are
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ovef]ain'by the Petan Basalt and by the Perdiz Conglomerate. In the banks
of Perdiz Creek, even farthek,north, the Mitchell Mesa and the Petan are |

separated by a thin interVa]fof volcanic sediment (Maxwell and Dietrich,>

1970). The Tascotal is-exposed only east of a:Tine connecting these points.

SEDIMENTOLOGY OF THE TASCOTAL
Current Directions and Source Indicators

The major k{nds of information available on sources of the Tascotal
are its rock and minera14fra§ment composition énd the orientation of im-
bricated clasts in conglomerate deposits. A]thoughfthe sediments are
crossbedded in places, few good crossbedding directions could be measured.
because the chssbéds are low-angle varieties ér are not well exposed.
Only in some eolian deposits can crossbeds be measured accurately. Both
clast type and clast imbrication indicate derivation from source areas
that lay to the west for most, though‘not all, of the Tascotal. Thé Chi-
nati Mountains lay to the west, and were active at least during deposi—
tion of the Tower Tascotal and were probably, as they;remain today, a ma-
jor highTand throughout the time of deposition of the Tascotal; they and
iheir associated highlands are a likely source of most of the sediment in

the TaScota].

Clast Types

In order to determine the types of clasts present in conglomerates,
counts of c1ast types were conducted oh populations in two ranges of long
diménsion: 5/8 to 2-1/2 inches and 2-1/2 to 10 inches. These sizes Cor-,
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respond closely to -4 to -6 phi, the coarse half of the pebble range, and
-6 to -8 phi, the cobble size range. Coarser material is rare and finer
pebbles or granules were difficult to identify with precision in the field;
identification of cobbles and coarse pebbles was much more precise than
that of the finest pebbles used for the study. In each size class, 100
clasts were selected, beginning at a randomly chosen point on the outcrop
and spreading outward from it, taking all clasts of the right size. Clasts
were identified as limestone, chert, and volcanic rock fragments. Chert
was subdivided by color; volcanic rock fragments were subdivided into fel-
sic and mafic varieties. Distinctive types, such as fragments of the Mit-
chell Mesa, were counted separately. Results of the counts are indicated
in the appendix to this chapter, sample Tocalities are plotted in figure
1, and areas characterized by particular rock types are shown in figure 4.
The results clearly show that several areas of distinctive clast com-
position exist. Four are indicated in figure 4: Fans 1, 2, and 3, and
the Solitario Fan. Fan 1 contains conglomerates that have abundant 1ime-
stone and other sedimentary rock fragments (SRF) mixed with the felsic
fragments and other VRF's that make up most of the clast population.
This fan crops out in the face of the Tascotal Mesa. A second fan lies
north of Fan 1 and contains no limestone clasts and few other SRF's, but
contains blue amphibole rhyolite (riebeckite rhyolite) derived from the
Cienega Mountains. This fan can be divided into northern and southern
parts; the northern part contains no clasts of Mitchell Mesa, but does
contain fragments from some trachytes that crop out north of the Cienegas.
The northernmost fan, Fan 3, contains a few Mitchell Mesa clasts and
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Figure 4. Fans defined by distinctive clasts in Tascotal Conglomerates.
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'inc]udés a few fragments of intrusive igneous rocks, some df which‘contain;
biotite, 1n addition to abundant felsic VRF's, but none of the clasts
’frcharaétéristic of Fan,Z.‘ The Solitario fah’cqrrésponds to the So1itario;
fan member aﬁd'contains c1a§ts of Timestone and green. or red chert, but a

few VRF clasts. v
‘Further pebb]e counts in the Bofecillos Mountains would confirm a
IQUalitative‘aSseftafian that two conglomerate sources are»important with-
~in the Bbfeci]]ds.' Thé Solitario Uplift was an important source of gra—
vels in‘theflower Tascotal er the region from just south of fhe-ﬁouthern
end of Tascotal Mesa on the Auler Ranch;'a16ng;the wést side Qf the Soli-
tario, in thé upper part'Of Fresno Canyon and in nearby domés;‘ These
cong]omerates are dis;inct because of their abundance of green'dr white
chert; derived from Caba]]os Novacu]ite’outcropS‘in the center of the
up1ift. Thebsecond typé of gravel occurs on the Bqte]]a Horst andvon
the Torneros Dome. These deposits are mapped.as Fresno Formation by
Dietrich(1966) buf,'they may be éssignab]e to either tﬁe Tower Cong]o-‘
merate member or fhe‘Perdiz member of ‘the Tascotal.‘ They consist of a
miXture of limestone clasts, Mitche11 Mesa, and other felsic volcanic
rocks and clearly were not derived from the Sb11tario. These qomposi—
tions'afe similar to those in the lower part of the Tascotal at the
~southern end of Tascotal Mesa.

The best exp]anation of‘these patterns of conglomerate clast dis-
tfibution is that‘the.majority‘of materia] was derived from the west,
from the_Chinati Mountains, and from areas of limestone dutcrop’such.aé
those éOuthwest’of Casa Piedra a1ong‘A1amfto Creek (Dietrich, 1966).
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stone and other sedimentary rocks of Permian or Cretaceous age soUth‘and

‘clasts not derived from the west are those in the Solitario fan member.

Outcrops of limestone also occuk today in'Mexico south and west of Presi-

dio,‘and it is easy to postulate a continuous belt of outcrop of Time-

southeast from the Chinati'Mduntains across the area of what is now the

Presidio Bolson. Henry (orai communication) indicates that oil tests

near Presidio encquntered bolson fill material directly overTying Creta- -

ceous rocks, with no volcanic material between. The only cong]omerate

Paleocurrents

Pebb]e imbrication proved to be a satisfactory source of paleocurrent

information for thevTascotal‘Formation. Dip direction of the maximum pro-

~ jection plane (that is, the upstream direction) of 30 clasts was measured

at a number of outcrops, comhon]y at more than one conglomerate bed in
each section, for a total of 34 stations; resu1t$ are displayed in‘figure
5. A]though‘directions‘of ffow indicated by the’severalfsamples range
from north nqrthwest through east to south southeést, the generally east;
erly flow directions sdbstantiate the conclusion drawn from the clast com-

position data ¢f a westerly source.
Primary Mineralogy of the Tascotal

‘In minera]ogica]]y immafure sedimentary rocks like the Tascotal,
studies of the minera]s’that were,deposited'to form the sediment.simp1y }:H
and directly reveal the hature of the source. ‘The‘primary compoSition' |
of the Tascotal indicates unequivocally the importance of vo]caﬁfc activity
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Figure 5. Paleocurrents measured on imbr
Arrows point upstream, their len
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~in its source area. In this section, mineralogy will be reviewed only as

it is important in interpreting the Tascotal (table 2).

Volcanic Glass |

Vo]canic»g]aés, as simple shards and as fhothy‘or long tube pumice,
is a comhon Constituentﬂin_m&St of the Tascotal. ‘Simple shards‘are the
finest‘grained fraction of the grain-size distribution. They range from
silt to coarse sahd size. Pumice differs in that it includes whole bub;
bles or tubes and generally ﬁas a coarser grain size. Pumice fragments
up to several centimeters lohg are found. 'Vb]canicvg1ass is most common
in fine sandstones; ft forms the fine fraction of rocks of the active
apron and is common in fine fd medium sands df’the eolian member. Both
kinds of glass are less commdn in coarsef rocks of.the'active aproh and
in rocks of the Perdiz or other conglomerates. A few layers are espe-
cially rich in pumice‘grains. One such Tayer,‘about a meter thick, was
present in both the Wire Gap and Murphy Bennétt sections. Of coufse, the
pumice conglomerate that I have exiled to the Raw]s or Santana is anoma-
Tously glass-rich. | | | |

The importance of»g]ass is two-fold. (1) Its abundance in these
rocks implies a source that y1e1ded abundant giéss fragments, a volcano

characterized by an explosive mode of eruption. Because these glass shards

must have some from non-lithified deposits, the volcano must have constant-

1y replenished those deposits to provide material for a stratigraphic sec-

_tion that totals 150 to 200 m thick. The thick intervals: of shard—riéh

rocks‘must have formed during the time the glass-producing vo]éano'was
active. (2) Glass is extremely unstable at or near the earth's surface.
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In the Tascotal, muéh of the glass has dissolved into cirCU]ating water
Eand all constitueﬁts of the g1ass including Qranium have been released
‘to form new minerals or'tp m%graté through the system.‘ During diagene-
sis, mineral precipitation has preserved the‘origina1 téxture of the rock,
so that areas where shards bf pumice once existed can‘be differentiated by
thefr’shape from areas that were prihary pore ‘space. Diagenesfs of shards

and its relation to uranium migration are discussed in the next chapter.

Crystals |

Quartz,'éanidine, plagioclase, and various heavy minerals that occur
as mornocrystalline grains form the chysta1,fra;tion of the TaStota]. Quartz
and‘the feldspars are generaf]y common in fine td coarse sandstones and
occur in virtually a1]'rocks, throughout the entire range of average grain
size. Théy may be euhedrg, Qroken euhedra, or angular tb subrounded frag-
mehts;

In most rocks,‘p]agidcldse is the most abundant, followed by sanidine
and quartz. THe one exception to this pattern is found at the base of the
éctive aproh member, just above the Mitchell Mesa, where sanidine and
'quaktz are more abundant than plagioclase. The Mitchell Mesa contains
sanidine but virtua]ly ho p]agioc]ase. The obéerved combosition implies
that the Towest part of the active apron mémber may be the result of re-
working of the upper, nonwelded part bf the'Mitche11‘Mesa;'but the_bﬁlk
of the Tascotal came from ofher sourceé. ' |

0paqUe, iron-rich oxide grains, probably magnetfte and biotite, are
widely distributed in the TascdtaT and are on]y‘s1ight1y aTtered,a]ong
theif margin. Pyroxéne, hqrnb]ende, and lamprobolite are common in rocks
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that have not undergone extensive diagenesis and'are present as etched
‘Crysta1s in rocks that are more altered. Presumab]y they were a source

of several elements for the diagenetic system, especially 1ron

Vo]cahic Rock Fragments (VRF's)

~ The coarsest volcanic elasts of most rocks are VRF's, but they occur
in grains of'si1t‘tolbou]der size and in all rocks. Fine VRF's, of siTt
to granu]e‘size, are common in rocks of the active apron.and eolian mem-
bers of the Taseota1. Thesehimply thet areas of flow rock were exposed
to erosion dhring}accumu]ation of these members, in addition to the areas
of fine vo1eanic‘glass shards. Transport of eoarse clasts from these de-
posits was prevented by stream gradients maihtained at Tow declivity by
the abundant sand-sized pyroclast1c debr1s

Cong]omerat1c members of the Tascotal that contain abundant VRF'

muet have been derived from source areas where the cover of fine pyro-
clastic debris was absent. Such areas could be where volcanic activity
“had ceased, or where it was too distant to prov1de much a1r-fa11 tuff,
where the volcanic act1v1ty produced Tittle f1ne pyroclastic material,

where that produced was rap1d1y stripped by erosion.

Sedimentary Rock Fragments

The presence of cafbonate'rock fragments.(CRF's), chert fragments,
~-and some clasts of terrigenous rocks, such as siltstone and sandstone,
in the Tascotal indicateé that the source area was not exclusively vol-
canic. Such material is restricted to the soethekn.part of the outcrop
of the formation, from the vicinity of Casa‘Piedra to the south. These
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~sources included the So]itarfo, which provided white and green chert, the

area around Ocotillo and perhaps,that around Shafter where rocks of Per-

mian and Cretaceous“age Cropiout'now, the fo]ded mountain ranges of the

' Ch1huahua tectonic belt where large dnt1c11na1 mounta1ns now expose Cre-

taceous sediments, and exposures of sed1mentary rocks that now underlie
the Presidio Bolson. In v1ew of the generally easterly flow directions

indicated by pebble imbrication, it is appropriate to suggest a generally

: high‘area, lying west of,the?preSent extent of the Tascotal butvsouth of

“the Chinati Mountains, that served as a major source of sedimentary rock

fragments° Noticeable in‘the congTomerate denived from that source are
silicified fossils similar to those found in.Chetaceous limestones near

Ocotillo.

Tuff Beds

~ Beds of air-fall tuff, e few centimeters to a meter or so thick, arev

- interbedded with sedimentary;rocks of the Tascotal Formation. They are
‘easily distinguished from_the normal apron sediments because they are
finer grained, contain a simo1er heavy mineral assemblage, normally

~Just biotite, and lack the fine volcanic rock fragments'that are so com-

mon -in apron sediments. The -apron sediments are not the resu]t of s1m—

p]e reworking of these air- fa11 beds, but are der1ved from coarser pyro-

/ c]ast1c material and from sources of ep1c1ast1c detr1tus of vo1can1c

provenance Consequently, they formed as an apron of sed1ments around

an active volcanic source.
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Sedimentological Analysis

The mineralogy, pa1eocurrenf indicefors, and age of the‘Tascofal lead
to the conc]usion‘thet the bulk of the formation was derived from the Chi-
nati:Mountains at the time they were the site of active volcanism and in
the period after their history of activity. Other sources include a sed-
imentary terrain south of the Chinatis and the Solitario UpTift. The dis-
cussion of the sedimentq]ogy of the Tascotal Formation'w111 concentrate on
the following aspects:: descriptien‘of.rocks formed during the active phase
of volcanic histoky; description of contemporaneous rocks that may be the
valley facies; and description of the changes of sedimentation that occur
when a volcanic center passes from its active to ite inactive phase (table

3).

Sed1mento1ogy of the Active-Apron Member
The active-apron member of the Tascotal includes two especially dis-

tihctive rock types, thin fining-upward sequences and thick fining-upward |
sequences. These are arranged in sequence with crossbedded sandstones.in
‘such ajway.to suggest erogradation of this unft from its vo]canic‘source'
eéstward. The iﬁterpretation here follows that of Walter (1977b, in
press)'c0mparing these deposits with those of e11uv1a1 fans and deep sea
fans. The character of this’active apron is intimately connected with the
fact that it formed aroued a volcano that was erupting abundant fine pyro-
clastic debris. |

W The lower part of fhe active apron member consists of sequences, on
the order of a meter thick, that include the following units in suceession.
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'Qrffabove;a‘scourbsurface (fiq ‘6)‘ h(l) structureless orrmed1um-sca1e cross-”:S .
lti‘bedded sandstone that may be of medium to granu]ar or pebbly coarse sand-f,.”'
fﬁ s1ze Th1s Tower part of the sequence commonTy shows ev1dence of smaTTer o

“”};‘1nterna1 scours as though severaT events were necessary for 1ts depos1t1on;

'ﬂ]fif}(z) Th1n1y bedded 1am1nated sand or 1nterbeds of th1n sand beds and Ta-:
vf{im1nae or»drapes of pwnk mud Mud drapes or. surfaces betw<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>