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ABSTRACT

The Welge sandstone is the basal member of the Upper Cambrian
Wilberns formation, Its entire outerop area is within the Central Mineral
region of Texas. Textural and mineralogical characteristics vere determined
frorm outerop samples collected at ten sections throughout. the Central
Mineral region. Thess were combined with field observations to provide a
means of interpreting the environmental conditdons and the direction of
the source area with respect to the location of the ten sections during
the time of Welge deposition,

The Welge sandstone is characteriged by both areal and vertieal
homogeneity of sedimentary parameters, grain size, roundness, nature and
percentags of heavy minerals, and peraent by welght of heavy mineral con-
tent. The rost consplcucus veriation is the transition from almost pure
quartz sandstone in the western part of the Central Mineral region to a
glaucenitic and calcareous quartez sandstone in the extreme eastern portion
of the area. This variation and the overall homogeneity are interpreted
as characteristics that would have been irpressed on sediments deposited
by a sea transgressing rapldly from east to west over a stable platform
with very low relief on the platform and in the area to the west of the
platform,

Glauconite in the Welge sandstcne poassesses X-ray diffraction
properties that indicate an ordered monomineralie ecrystal lattice, It

is classified as group one ordered glauconite.



INTRODUCTION

Statement of Objectives
The principal objectives of this study were:

1) to determine the textural and mineralogical properties of
the Welge sandstone at ten stratigraphic secticns distribu-
ted throughout its entire area of exposure in the Central
Mineral region, Texas;

2) to compare the textural and mineralogical properties from
each of the ten sectionaj

3) to interpret the environmental conditicns and direction
of the source area during the time of Welge deposition

on the basis of data obtained in this investigation.

Location and Sise of Area

The Central Mineral region of Texas is lccated in the central
part of the state and includes all or part of the following counties:
Mason, Llano, Burnet, Blanco, Gilleepie, McCulloch, and San Seba., It is
roughly cireular in outline with a diameter from east to west of 80 miles
and a slightly shorter north-south diameter., This area is frequently re-
ferred t» in the literature as the Llano uplift, Because the Llano up-
11ft refers to a regional structural feature that has the same approximate
geopraphic limits as the Central Mineral region, the two terms will be
used synonomously in this paper when referring to the area of study.

The entire outcrop area of the Welge sandstone iz located in

the Central Mineral region. Howaver, wells drilled in counties adjacent



%o the Central Mineral region have penetrated sections of rocks that are
correlated with the surface sections of the Welpe (harnes, e al, 1959).
The subsurface sections of Welge have been traced only a short distance
from the outerop on the north, east, and south sides of the area., This
is in part due to a lack of wells that are deep emough to penetrate the
Welge. Northwest of the area of surface exposure, the subsurface Welge

equivalent has been recognized as far as Nolan County,

Names and Locations of Welge Sections

Ten stratigraphic sections of Welge sandstone from different
areas oif surface exposure distributed around the Central Mineral region
were chosen for this investigation., The location of these sections is
shown in Figure 1, The sections sampled were each given a number and a
name, The names were, for the most part, recommended by Barnes (1960,
personal communicaticn).

Section 1 is named the Mason sectlon and is located on Garfield
Street withia the city limits of Mason, Mason County, Texas.

Section 2 1s named the Squaw Creek section and 1s Jocated im a
bluff along Squaw Creek 0,25 mile north of the Mason-Gillespie county
line in Mason County, Texas. This is the type locality of the Welge sand-
stone (Bridge, Barmes, and Cloud, 1947). A view of the bluff formed by
the Welge sandstone iz shown on Plate 1 (A).

Section 3 1s named the Streeter seection and ie located 2,75
miles west of Streeter, Mason County, Texas, 0,25 mile south of U.S,

Highway 377,
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Section 4 is named the Brook-Katemey Ranch section and is lo=-
cated at Camp San Saba in McCulloch County, Texas., This 1z a composite
section with the lower 16 feet located south of the cemetery at Camp San
Saba, and the upper eight feet located on the Katemcy Ranch road 2.7
niles south of Camp San Saba.

Section 5 iz named the Upstream James River section and is lo-
cated along the James River, 2,8 miles east of a private airfleld in
southwestern Mason County, Texas.

Seetion 6 is named the Little Llano River section and is located
4425 miles southeast of Cherokee, San Saba County, Texas. A plcture of
Cedar Foint, from which the samples of section 6 were collected, is shown
on Plate 1 (B),

Section 7 is named the %ast Canycn section and is located in
the Riley Mountains 2 milee north of Click, Llano County, Texas.

Section 8 is named the Morgan Creek section and is located near
the mouth of the South Fork of Morgan Creek on the eastern side of Lake
Buchanen, Burnet County, Texasa.

Section 9 1s named the Beaver-Silver Creek section and is lo-
cated near the junction of Beaver and Silver creeks on the eastern side
of Lake Buchanan, Burnet County, Texas,

Section 10 is named the KletteWalker section and is located along
the Pedernales River five miles west=northwest of Johnson City, Blanco
County, Texas.

It is possible to drive on either publlic paved roads or private

ranch roads to within 0,5 rile of each section,



Previcus Investigationa

Comstock (1889) published the first detailed investigation of
the Central Mineral region, Previous work had been of a reconnalssance
nature, Comstock introduced the terms Hickory series and Riley series
a8 names for the Lower Paleozoic rocks of the reglon, The rock units
have been redefined and resubdivided since Comstock's report but the names
Hickory and Riley are still used for Upper Cambrian ruek unlts, Come
stock also introduced the term Katemcy series but this name has been
dropped from usage.

Paige (1911, 1912) named the Wilberns formation “rom Wilberns
Glen along the Little Llano River in northern Llano County, Texas. The
base of the Wilberna, as defined by Palge, is well marked by the top of
a glauconitic sandstone which is the upper member of the underlying forma-
tion, The importance of this boundary has stood the test of time well
because it has been recognized in all investigations that followed Paige's
work,

Bridge and Barnes (1941) recognized as early as 1941 that the
Wilberns formation is divisible into members and thet the basal member
is a sandstone, Barnes (1944) and Cloud, Barnes, and Bridge (1945) pub-
1lished pajpers in which the Wilberns formation wes divided into variocus
members, but it wes not until 1947 (Bridge, Barnes, and Cloud, 1947)
that these members were properly named and defined in the literature,
In the 1947 publication the Welge sandstone member was named by Barnes
from the Welge land surveys in Gillespie County, Texas,

A correlation chart showing the changes in stratigraphic subdi-

visions and nomenclature fror Comstock's (1889) originsl subdivisions to



the latest sutdivision by Barnes gt al (1959) iz presented as Figure 2,
Sore uncertainty exists as tc the exact position of the horizontal lines
separating the various rock units of the earliest investigators. There-
fore, when reading the chart, it should be Fept in mind that some lines
may nesec to be shifted slightly toc show equivalency.

The need for a regicnal analysis ¢ the Welpe saudstone to de~
termine its texture and mineralogy becomes apparent when one searches the
literature for information pertaining to this member. The linited data
concerning the Welge have sonsisted of observations made by fisld geolo-
gists and published in the form of geologlc maps, measured sections, and
field descriptions. The lack of information is in part due to the relativew
ly short time that has elapsed since the unit was named,

Barnes, Bridge, and Cloud (see biblicgraphy) have been the major
contributers to the literature of the Welge sandstone member. Wilson
(1949) described the Upper Cambrian trilobites from the welge. Wollman
{1952) also described the fauna from the basal Welge sandstone.

Deugherty {1959) compared the texture and mineralogy of the
Lion Mountain and Welge sandstones in southern Mason County, Texas,
Daugherty's study was the first investigation of this type on these two
sedimentary units, It adequately illustrated that differcnces do exist
between the sedimentary parameters of the Lion Mountain and Welge sand-
stones in the area of study. However, the sedimentary parameters and
mineralogy determined for the Welge sandstone, bacause of the small number
of Welge samples analyzed (3 per seetlon) anc the localized area of study,

are not sufficient for a regional interpretation,
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STRATIGRAPHY

Genersl Statement

The two Upper Cambrian formations, the Riley and Wilberns,
constitute the oldest unmetarorphosed rocks in the Central Mineral re=
gion., The presently recognized subdivisions of these two formations way
be seen in Figure 2,

The Riley formation has an average thickness of 695 feet,
(Barnes and Bell, 1954) and is composed of the Hickory sandstone, Cap
Mountain limestone, and Lion Mcuntain sandstone members named from cldest
to youngest. The lower Hickory consists chiefly of light colored to brown
quartz sandstones that contain feldspar grains at some exposures. The
upper portion of the unit is characteristically composed of deep-red sand-
stone, The Hickory grades into the Cap Mountain limestone member. This
member consists of sandy, silty, and glauconitic limestones. The boundary
between the Cap Mountain mexber and the overlying Lion Mountain sandstone
member is gradational and is placed at the lowest occurrence of large quan-
tities of terrigenous material. The Lion Mountain member 1s characteristical-
1y green because of the abundance of glauconite. It is composed of are-
naceous limestone with lenses of light-gray limestone containing many frag-
ments of trilobites in the lower part and glauconitic quarts sandstones
with minor amounts of siltstone and shale in the upper part.

The Wilberns formation is composed of the Welge sandstone, Morgan
Creek limestone, Point Peak, and San Saba merbers named from oldest to
youngest, The Wilberns has an average thickness of 550 feet (Barnes and

Bell, 1954). The Welge sandstone is a medium-¢rained, quartz sandstone



that is transitional vertically into the Morgan Creek limestone member.
The Morgan Creek is a coarsely granular, ylauconitic limestone that has
a distinctive maroon color at the base. This limestone grades into the
overlying Point Peak merber which consists of calcareous siltstones and
shales, intraformational conglomerates, and stromatolitic bioherms. The
contact between the Point Peak and San Saba merbers is usually placed at
the first appearance of a vellowlsh-tinged, gray limestone or dolomite.
The San Sabs merber is typieally composed of limestone in the western
part of the Central Mineral region and dolomite in the eastern part.

A more detailed discussion of the stratipraphy of the Upper
Cambrain rocks of the Central Mineral region is found in a report by Barnes

et gl (1959, p. 25-34).

Welge Sandstcone Merber

Lithology. The Welge sandstone is typically a brown-yellow,
massive, medium-grained, well-rorted, rcunded, sparingly to non-glauconitie,
non~calcareous, friable to only slightly friable, quartz sandstone. The
sections in the western part of the Central Mineral region are composed
almost entirely of what is described as typical Welge sandstone, Towsrd
the eastern pert of the area the sections exhibit a rore variable litholo-
gy than do those to the west, The eastern sections are composed of white
tc yellow~brown to green, massive tc thin-bedded, fcssiliferous, fine~ to
medium~-grained, glsuconitic to sparingly glauccenitic, calearecus to non-
calcareous, juartz sandstone.

Good exposures of Welre sandstone sparkle on & bright sunny day.

This is caused by secondary overgrowths on scme of the quarte grains.
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Thicknesg. The thicknesses of the ten stratigraphic sections
of Welge sarpled for this investigation varied from 12 feet to 25 feet,
Their average thickness is 20 feet., Bzrnes an¢ Bell (1954) stated that
the thickneas of the Welge ranges from 11 feet tc 28 feet in the Central
Mineral region, with an average thickness of 20 feet.

Seotions on the west and north sides of the area (sections 1
to 6) are consistently thicker than the sections on the east and southeast
sides of the area (sections 7 tc 1G). The average thickness of sectiona 1
to 6 i3 23 feet while the average thickness of sections 7 to 10 is only 15
feet.

Geologic gontacts, The Welge sandstcne member of the Wilberns
formation overlies the Lion Mountain sandstone member of the Riley forma-
tion. The boundery between the two members is believed to be a discon=
formable surface in parts of the area of study. Fvidence seen in the
field by this writer that is Indicative of = disconforrity between the
Welge and Lion Mountain sandstones is the slight irregularity of the con-
tact, The presence of glauconite in the Lion Mountain sandstone and its
absence in the Welge in the western part of the area is further evidence
for a disconforwity, The sharp contrast between the green color of the
Lion Mountain member and the brown-yellow color of the Welge member caused
by the difference in composition makes the irregular surface plainly visi-
ble wnere the sections are well exposed.

In sections 1 to 6 the cocntact is very eesily recognired because
of the difference in color of the two members, In rection 7 the contact

ia covered and an arbitrary contact was placed st an abrupt change in the
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slope of the ground. The Welge is wore resistant t¢ erosion than the
underlying Lion Hountain and therefore its outerop has a steeper slope
than that of the Lion Hountain, A good illustration of the change in
sicpe between these two members is shown in Plate 1 (B),

At sections 8 and 9 there is no apparent field evidence of &
disconforrity between the Lion Yountain and Welge sandstones. In these
sectlions the Welge merber containg glauconite, which is & characteristic
constituent of the underlying Lion Yountain merber, and color difference
canmot be used tc locate the contact between these two units. Barnea
(Barnes gt al, 1955) noted that the disconforrity so well cbserved in the
vestern part of the area may not be present in the eastern part of the
area, In sections % and 9 the Licn Yountain-ilelge contact is apparently a
conforrable one. Barnes (1956, p. 48) stated that fossils provided the
most reliable reans of loeating the contact In the “Morgan Creek area,

The Wilberns forration is characterized by the presence of trilobites be-
longing to the Flvinia fauna, whereas the Riley formation does not contain
this fauna,

During the field work at mections 8 and 9 this writer mede use
of contacts picked by Barnes (1956) on the basis of fossil evidence.
These contacts were rarked by Barnes in the field with yellow paint. It
is believed that an accurate contact was picked by correlating beds over
the short distancea (les: than 0.5 rile from section 8 and 3 riles from
section 9) from the section reasured by Barnes {1956, p. 48) to sections 8
and 9 sarpled for this report, Tt was noted the* the Welge in sections &
and G is rore resistant to weathering than the underlying Lion Mountain
sandstone and the contact is approximately rarked by & slight change in

slope,
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The basal bed of Welpe sandstone at section 10 is less well-
sorted than is typleal of the Welge. It contsins fine to very-coarse
material. There is no other physical evidence cf the contact, excert 2
slight change in slope.

The Welge sandatone is overlain by the Morgan Creek limestone
in all parts of the Central iiineral region., The contact between these
twe members is transitional within a short stratigraphic interval, Barnes
(Barnes gt al, 1959, p. 46-47) implied that this boundary is the most
relimble horizon marker in the Upper Cambrian rocks of the Llano region
and in adjacent subsurface aress,

In every section sampled for this study the Welge-Morgan Creek
eontact was picked at the first appearance of a maroon-colored arenaceous
limestone, The presence of this easily reccgnizable contact and horizon
marker greatly facilitated the fleld work.

Glauconite. The writer views the presence of glauconite in
some sections of Welge sandstone and its absence in other sections as in-
dicative of an environmental change and a valuable paleogeograrhic indl-
cator, The typically non-glauconitie sections (1 to 6) occur in the
western part of the area, and sections in the eastern part of the area
(7 tc 17) contain varying amcunts of glauconite rangine up to an estimated
25 percent in sore beds, A discussion of the wode of occurrence, physia-
al lirits of formution, and classification of glauconite will be pre—
sented as a2 basis on which further statements concerning the Welge glau-
conite may ke rade,

Glauconite is a hydrous, iron-alumine silicate substance that

occurs in marine sedimentary rocks of all ages Irom Cambrian to Recent,
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It is most commonly found in limestones and sandsiones, particularly in
calearecus sandstones, The typieal form of glauconite 1s rounded, prow
late to semi-spheroidal, green pellets, although 1t is not uncommonly
found as compact masses without regular outlines, Both types of occurrence
of glaucenite are present in the Welge sandstone. The pelletal form of
glauconite is commonly associated with those beds that have a calcareous
cement., Beds containing glauconite in conpact form without definite oute
line are represented by samples 8-2, 8-5, 9=2, and 9-4. These beds are
glauconitic sandatones composed of an estimated 25 percent glauconite and
75 percent quarte,

Numercus theories have been proposed to explain the origin of
glauconite. According te Burst (1958a, p. 482), the. @ includet conver-
sion of fecal pellets, conversion of foraminiferal cavity fillings, al-
teration of biotite booklets, and agelomeration of clay pellets on the
sea floor. The seope of the present study is not so broad as to ir.clude
an investigation of the origin of glauconite, The primary concern is to
determine what, if any, environrental and paleogeographic interpretations
can be made based on the knowledge of the type of glauconite present in
the Welge sandstone and the vhysical 1imits of glauconite formation as
diseussed by Cloud (1955),

Glauconite is believed to form in a serleoxidiszing to semi-
redueing environment (Burst, 1958a, p. 482). The evidence for this bee
lief is the restricted range or ferric-ferrous ratics in glauconites,
Burst belleved that this ratio reflects the ability of the environment
to reduce or oxidize a system, The presence of £lauconite associated

with fossils of & normal benthonie fauna, such as occur in the Welge
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sandstone, is explainable by assuming that the overall oxidizing condi-
tions of a normal marine enviromment are not sufficient to overcome the
local reducing conditions created by decaying organic materisl, The ac-
curacy of the sbove assumption is in part dependent on other physical
criteria for glauconite formation, namely water depth and turbulence,

Based on obaservations of presently forming glauccnite, Cloud
(1955, p. 488) concluded that 40 to 400 fathoms is the most common range
of water depths In whieh glauconite forms, and that the "upper part" of
thils range seems more favorable for its formation, As pointed out by
Cloud, the probable depths in which glauconite originates are shallow in
terms of modern oceanic depths, but in terms of Paleoszciec platform seas
they are relatively deep,.

It hars been stated that glauconite is commonly found in sand-
stones. This does not imply that a1l the glauconite formed in these
sandstones. Although glauconite is an authigenic mineral, the rounded
and abraided appeasrance of some of the pellets supgests that they may have
been transported and redsposited in locales which are not conducive to the
genesis of glauconite, The glauconite that cecurs as compact rasses withe
cut regular outlines undoubtedly has not been transported. The assocl-
ation of terrigemous sand prains, glauconite which has not been trans-
ported, and very litile of anything else suggests an environment in which
turbulence was sufficlent to praevent the depositlon of silts, clays, and
earbonate mads, but was not as grest as in those ereas where pure quarts
sand was deposited. Turbulent conditlons would be necessary for the water

to be oxygenated sufficiently to produce an oxidizing environment, but,
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as noted above, the turbulence probably was not sufficient to completely
destroy the reducing environment created by decaying organic material,

The average thickness of the four Welge sections (7 to 10) con-
taining glauconite is 15 feet while the non-glauconitic sections have an
average thickness of 23 feet. This faet apparently supports the obser-
vation by Cloud (1955, p. 490), that glauconite is presently forming in
areas of decreased sediment influx,

On the basis of xeray powder=diffractogram characteristics
Burst (1958a,b) was able to subdivide all giauconite into four mineralogi=
eal eclasses designated as: ordered glauconite, disordered glauconite, in-
terlayered glauconite, and mixed-mineral glauconite, These results led
Burst to conclude that glauconite is used both as a morphologieal and a
mineralogical term. Any small, rounded, green pellet or earthy material
qualifies morphologically for the term glauconite, but only those in the
ordered glauconite group possess structural properties which characterize
the mineral glauconite,

Burst {1958b, p. 32), compared glauconite pellets asscciated
with four unconformities in the Gulf Coast Focene series with pellets
from conformable strata of the same age and found a better regulated
mineralogy in the form cf "erystal-stacking regularity” in the pellets
from the unconformable series of strata. Burst probably did not intend,
hovever, that this should be used as a criterion for recognizing uncon-
formities, As will be seen, the Welpe glauconite exhibits a high order

of crystal-stacking regularity.
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FIFLD PROCFDURFS

Selection of Sections

Faoh of ten stratipraphic sections of Welge sandstone used in
this investigation was selected on the basis of loeation in the Cen‘tx'al
Mineral region, quality of exposure, and accessibility, The most im-
portant ccnsideration was the geographic location of the section, in as
mueh as it was desired tc obtain sections distributed over the entire
area of outerop of the Welge sandstone. Within a specified area an ate—
terpt was rade to locate the section that offered the best exposure of
the unit, This was usually a difficult task because the Welge typically
supports a dense vegetation, The banks of streams and road cuts invari-

bly provided the best seetions,

Measurement of Sections

4 Brunton compass and Jacob's staff divided into halfwfoot
intervals were used to measure the thickness of each section and to dee
termine the stratigraphic position of each sample. The strike and dip
of the beds were first determined with the compass. The distinctly bedded
Morgan Creek limestcne provided better surfaces on which to determine
strike and dip than did the massive Welge sandstone., It was possible to
measure stratigraphic thickness with the desired accuracy by sighting
through the compass in a direction perpendicular te the strike of the
beds when the clinometsr in the compass was set to correspend to the dip.
The number of feet of section measured in this manner corresponds tc the
position cf the compass on the Jacob's staff, A complete gection may be
measured by moving the Jacob's staff after each sighting to the point on

which the last sighting was rade.
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Collection of Samples

A total of seventy=-six samples of Welge sandstone were collected
for this study, At each of the ten section localitises shown in Figure 1
a vertieal seriem of spot samples was collected,

Fach of the seventy-six spot samples was given a dual number
designation based on the sectlon at which it was collected and the strati-
graphic position of the sample above the base cf the Welge, For exemple,
samples 6-1 and 6-7 were both collected at section &, Sample 6=1 was the
t'irst sample collected above the WelgeeLion Mountain contact and sample 67
was the seventh sample collected abcve the base of the Welge.

An atterpt was made to collect fresh samples containing as little
weathered materisl as possible, The stratigravhic position of each apot
sample was largely determined by the degree of difficulty of obtaining
fresh sarples, however, the atterpt to collect a representative vertiocal
distribution also influenced the stratigraphic position at which the gsam-

ples vwere taken,



LABORATORY PROCFDURFS

Initial Sample Treatment

Primary Disaggregation, Siliea and iron oxide are the most com-
mon cerenting materials in the Welge sandstone, however, the guantity of
these two cementing agents is not sufficient to indurate the Welge to such
an extent that it is not adaptable to a mechanical analysis, Some samplea
were less friable than others, The increased induration of these samples
may have been due to the presence of secondary siliea cement in the form
of overgrowths on some grains. Most samples were friable encugh to be
disaggregated by rubbing a small piece of the sample between two wooden
boards.

The samples that were cemented with authigenic calcite were
placed in dilute 2,4 N (1:5) hydrochloric acid for primary disaggrega=
tion., This treatment was sufficient to destroy any calcareous material,

Sample Splitting. The samples that were disaggregated by rubbing
between two boards were passed through a Jones sample splitter to obtain
an analytical sample welghing approximately 150 prams, The pamplea ce-
mented with calcite were not split because only encugh of the field sam-
ple was treated to produce the desired size cf analytical sample,

Seeondary Disaggregation. An examination with a binocular
microscope of grains that had been disaggregated by rubbing between two
boards revealed that some very small grains were still present in aggre-
gate form and that rost grains were partly coated with iron oxide material.

After having collected sarples from ten different secticns of

Welge sandstone, the writer was aware of theapparently small difference
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in grain size that exists throughout the outerop area of the sandstone.
In order to detect even the slightest variation in grain size it seemed
necessary to disaggregate the grains as completely me possible, For
this reason a secondary disaggregation process was undertsken to increase
the accuracy of the mechanieal annlysis and thereby to make smaller vari-
atlons in grain size rore meaningful. The secondary disapgregation also
helped prepare the grains for petrographic study as will be discussed
later,

The secondsry disapggregation process consisted of placing sach
weighed analytical sample in a 600 milliliter beaker and covering it with
200 milliliters of dilute 2.4 N (1:5) hydrochloric acid, The sample was
heated to the boiling point and allowed to boill gently until the iron
stain had been completely removed from the gralns, During the boiling a
reducing agent, solid oxalic acid, was added to the sample as the superna~
tent liquid reached a yellow color. This served to reduce the iron from
the ferric to the ferrous state, so that it went Into solution more readi-
ly. After the above treatment the grains were frees from any surficial
coating and sufficiently disagpregated to proceed with the mechaniecal

analysis,

Mechanical Analysis
Separation of Silt~Clay Fraction from Sand Fraction. Upon come
pleticn of the inal disaggregation process the veaker was removed from
the heat and filled with tap water, The sarple was stirred thoroughly
with a rubber~tipped glass stirring roa and allewed to stand for approxi-

nately five rinutes after stirring had stopped, According to Weuell's
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formla, based on tha settling velocities ¢f particles (Krumbein and
Pettijohn, 1938, p. 111), five rinutes is a sufficient time to allow all
aand-size particles (1/16 to 2.0 rm) to settle to the bottom of the beaker.
After five rinutes the liquid waz .ecanted [ror. the beaker into a funnpel
lined with a tared filter paper, and the beanker was refiiled with tap
water and stirred again. This process was repeated until there was nc
trace of acildity in the beaker and the water was completely free of sus=
pended natter after standing for five minutes, When this stage was
reached, distilled water was used instead of tap water and the pracess of
stirring and decanting was repeated three times,

The sample was then placed in an oven to dry et a temperature
of less than 100°C, The filter paper containing the cilt and clay par-
ticles was also placed in the oven to dry.

Sieve Analyeis of Sand Fragtion. The part of the analytical
sample contalning sand-size particles (1/16 to 2,2 mm), after having been
completely dried and allowed to cool in a deeicator, was weighed to the
nearest 9,01 gram, This fraction of the sample was placed in & nest of
11 U.S, Standard mesh screens and a pan, The exaet size of the screen
openings and the corresponding phi values and Wentworth grades are presented
in Table 1,

4 Tyler Ro-Tap machine equipped with a timer was used to shake
the sanple in the nest of sereens for 20 minutes. The contents of each
screen and the pan were reroved and weighed, The welght was recorded and

the screen contenta were retained for the petrographic study.
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Table 1: Size of Openings in Ccreens Used in This “tudy
With Corresponding Wentworth Grades and Phi Values,

U.S, Standard Screen Opening Pni Value (f= Wentworth Grade
Sieve No. (in mm,) ~logy of opening) (of material retalned)

10 200 -1,0 Granule

14 1.41 «0,5 Very Coarse 3and
12 1.7 0 Very Coarse Sand
25 0.7 [ Coarse Sand

35 0,50 1.7 Coarse Sand

45 0.35 1.5 Medium Sand

60 0,250 2.0 Medium Sand

80 0,177 2.5 Fine Sand

12C 0.125 3.0 Fine 5and

170 0,088 3.5 Very Fine Sand
230 0.062 4.0 Very Fine Sand

$11t-Clav Analysis Based on 3ettling Velogities. The silte
clay fraction retained on the filter paper from the separation process was
welghed and the weight was added to the welght of material that had been
eaught in the pan during the sleve analysis, This welght represented
the total weight of the silt-elay fraction,

It was decided that unless the total weight of the silt-cley
fraction equaled or exceeded 10 percent of the totel weight of the sample
& silt-clay analysis would not be required. Three samples, 1-7, 5-4, and
£-1, contained over 10 percent by weight of silt-clay size particles, The
ten percent lirit was chosen because 10 and 90 percent of the sample by
welght are the minimur and maximum percent values needed to deterrine the

sedimentary parameters used in this study,



22

The silt-clay analysls was based on *the settling velocities of
different sized particles in a fluid medium. The numercus theories and
methods pertaining to this type of analysis are thoroughly discussed by
Krumbein and Pettijohn (1938, p. 147-176). In tris study the silt-clay
fraction was put in e 1000 ml, rraduated cylinder and completely dispersed.
4 0.1 gram sample of  .ium lignosulfonate, known industrially as Mars-
sperse N, was added to prevent "loculation. At ealeulsted time intervals
based on Wadell's sedimentatlon formule (Krumbein and Pettijohn, 1938,

P+ 104-108) a hydrometer caleulated to read grams per liter of material
in suspension was inserted in the cylinder znd a reading was takenm, The
procedure enmabled the yriter to determine the distribution of silt-clay

sizes by weight,

Mineralogical Analysis

Selection of Samples. Three or mere samples from sach seation
were chosen to be analyzed. The first sample above the Licn Mountaln-
Welge contact, the first sample below the Welge-Morgan Creek contact, and
an arbitrarily selected sample from the middle pact of the kelge seetion
were chosen rYor analysis. ihe writer believes that this plan of carple
seleclion provides a cetter upportunity to detect vertical variation with-
in the section than does mixing of several samples together und raking one
analysis of & composite sample, Any significan® variation in nineralogi-
cal composltion could be located within narrow vertical limits simply by
analyzing additional samples Letween any two samples that slow the vari-

wtion. Intermeciate samples were anaiyzed at secticns 2, 4, 5, and 6.



Sample Preparation. The normal procedure involved in making a
petrographic ~tudy consistas of first thoroughly cleaning the sarple and
removing all coatinge, especially iron oxices, “rer. the rreins, This may
apply either to the entire sample or to certain eize fractions only, de=
pending cn the nature of the study. The secondary disaggregation process
ured in thic study, and aiready described, served a dual purpese in that
11, not cnly completely disapyragated the grains but it alse sufficiently
cleaned the grains thet they could be studied petrogranhieally without
“urther preparation,

Fach sample selected for petrorraphiec study was separated into
twe fracticns based on *he specific gravity of the prains conctituting
that particular sample, This separation is ccamonly known as a Yheavy
mineral" separation., Most of the grains in every sample wera quartz grains
which have a specific gravity of 2,66. By placing the sample in a Ffunnel
filled with bromoform (CHE:‘B, speeific gravity 2,87) the querts grains
and grains of any other mineral with a specific gravity less than that
of bromoform were separated from those grains that had a specific gravity
greater than that of bremoform. The grains that sink to the bottom are
referred tn as the heavy minersl fraction and those that float beleng to
the light mineral fraction.

The entire sand-size portion cf the sarple waz separated so that
the welght of heavy minerals could be deterrined, The 0,088 to 2,177
millimeter size fractiocns are better smited for retrographic study than
cthers so the sarple was separated into three parts as follows: the 0,088

to 0,125 millimeter fraction; the 0,125 to 0,177 millimeter fraction; and
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all remaining material of the sand~sized portion of the sample. The
heavy and light fractions from each separation were zaved for petrographie
study.

The weight of the heavy mineral fraction from each of the
three separations was determined and then added to ret the total weight
of heavy minerals in & particular sample. The percent of heavy minerals
was obtained by dividing the weight of the sample into the total weight
of heavy minerals in that sample and multiplying the guotient by 100,

A magnet was passed over the heavy fraction from every sarple
te separate any ragnetite that might be present fror the other heavy riner-
azls, No magnetite was found in any of the samples,

Mounting, Permanent slides of the heavy minerals in the 0,088
to 0,125 mm. and 0,125 tc 0,177 mi. fractions were made from each sample
for which a heavy mineral separation was made at secticns 1, 2, 4, 6, 8,
and 10, These sections were selected because of thelr distribution withe
in the ares of study. The heavy mineral fracticns were split using the
alternate quarter method until only the number of grains desirable for
meking a slide remained. The alternate quarter method involves rlacing
the heavy rinerals on a plece of paper and quartering the pile; then re-
jectiny two alternate quarters and cowbining the reraining alternate
quarters and repeating the process on the combined guarters until the de-
sired number of grains remain,

The grains were sprinkied on a slide containing melted aroclor
4465 (0=1,66) anc evenly distributed by stirring the nixture gently with a
pin poirt. The slide wae allowed to rermain on the hot plate after it had

been stirred until all air bubbles had been expelled. It was then reroved



25

from the heat and a cover glass placed over the grains and pressed into
position,

A portion of the light mineral fraction of the samples from the
highest and lowest stratigraphic position at every section was used to
make a temporary light mineral slide. & mixture of clove oil and bromo-
benzene (n=1.53) was used as the mounting medium,

Mineral Identifigstiop, The minerals on each heavy and light
mineral slide were identified with a petrographic microscope. A count
of 300 or more grains per slide was made to determine the frequency of
occurrence for each mineral species. Systematic traverses were made
across the slide with the aid of a mechanical stage so that the grains
identified and counted were not selected at random.

A distinction was made between the opaque grains on the basis
of color in reflected light. The opaque grains were designated either
as brown opaque or black opaque when counting the frequency of occurrence.

A thin section was prepared from each of five samples, selected
because they were characteristic of the five lithologic changes noted in
the Welge sandstone, These were studied with a petrographic microscops
in an attempt to obtain more information about the nature of the cementing
material and the overgrowths on the quarts grains than could be obtained

by examination of band speeimens,

Roundness
Roundness is a measure of the extent tc which the perimeter of a
fragment has been rounded. It is therefore independent of the shaps of

the fragment, and is an index of the textural maturity of a sediment
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(Pettijohn, 1957; Folk, 1951). Roundness vaiues were detemmined for &
sample from the middle portion of each sectlon of Welge sandstone, A
roundness determination was not made for each sample because the presence
of secondary quartz overgrowths on a great many of the grains prevented
obtaining accurate values within significant reproducible limits.

The method of roundness determination described by Powers (1953)
could not be used as s distinction between the original grain and the
secondary overgrowth eannot be made by viewing the grains in reflected
1ipht with & binocular microscope. The grains appear to be more angular
in reflected light than they really are because of the quarts overgrowths,
An experimental error would be introduced if only those grains that do
not show overgrowths were chosen for roundness determination by the Powers
method, By mwounting the grains in a high index liquid, alphamonobromo-
napthalene plus methylene iodide (n=1.66 @ 32°c), and observing them in
plane polarised transmitted light, it was possible to make some distine-
tion between the primary grain and the secondary overgrowth,

The 0,250 to U,35 millimeter size fraction (2.0 to 1.5 phi) was
chosen for the roundness analysis because it was the most abundant grain
size of Welge sanistone samples collected for this study. The cutlines
of the criginal grains were compared with standard grain ailhouettes (Krum-
bein, 1941) having roundness values in arithmetic progression from 0.1 to
0.9. Krumbein did not divide the roundness velues intc descriptive classes
as Powers did so it was necessary to employ the roundness grades desig-

nated by Powers and showm in Table 2,
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Table 21 Roundness Grades (after Powers, 1953),

R Designation Class Interval
Very Angular 0,12 = 0,17
Angular 0417 = 0.25
Subangular 0,25 - 0.35
Subrounded 0435 = 0,49
Rounded 0s49 - 0,70
Well Rounded 0,70 = 1,00

Determinations were made on 50 grains from each sample. The

average roundness for each sample and for all samples was calculated by

the formula:
Ra = Z R:l to n
X
where:
Ra 18 average roundness,

Rl to n is the roundness value of each of the grains
on which a determination is made.
N is the total number of grains for which
roundness is determined,
Beal and Sheppard (1956) found the results of coundness deter-

minations by the Powers and Krumbein methode to be comparable,

X-ray Diffraction of Glauconite
A part o field sample 97 was placed in very dilute 1.5 N (1:8)

hydrechlorie aeid and all ealcarecus material was slowly digested, After
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this treatment, the sample was thoroughly washed with distilled water

and dried at a temperaturs less than 100 degrees Centigrade. The glau-
conite was separated from quarts and other non-magnetic parts of the sem-
ple with a Franz Isodynamic Separator, Glauconite, being moderately mag-
netic, was retained on the separator while quartz and other material
passed through the magnetic field into a container, Diminishing the cur-
rent into the separator caused the electromagnet to release the glaueonite
and it was caught in a separate container, The glauconite was separated
several times after the inltial separation in an attempt to remove all
non-glauconitic material,

An examination of the glauconite with a binocular mieroscope
showed that & majority of the larger grains contained limonite in crevices
of the grains, The smaller grains appeared to be less contaminated. For
this reason the glauconite was sieved and the fraction smaller than 0,125
millimeter was taken for x-ray diffraction.

Approximately two grams cf glauconite were ground into a very
fine powder in a Diamonite mortar. Part of the powder was packed intc a
bakelite well=slide and a random-powder diffractogram was made using a
General Electric XRD-5 x-ray machine,

The remaining powder was placed in distilled water and centri-
fuged until only clay-size particles remained in suspension, An oriented
slide ol glauconite was prepared by placing some of the suspended clay-
size glauconite on a glass slide and allowing it to settle., A diffracto-

gram of the oriented slide was also made,
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SFDIMVNTARY PARAMFTERS
The data obtained in the sleve analyses were used to obtain
parameters with which the textural properties of the samples from the
Welge sandstone could be compared,
The weight of material reteined on cach screen was converted to
percent by welght of the total sample weighed. This was accomplished by
dividing the weight of a screen's contents by the total weight of the

sarple sieved and multiplying the quotient by 100,

Medlan Diameter

The percent by weight of all fractions in a sample was added
beginning with the coarsest fraction, These results were plotted on
arithmetie graph paper as cumulative frequency curves with cumlative
percent as the dependent variable plotted along the ordinate axis and
grain diameters in phi walues as the independent variable plotted along
the abscissa, The median diameter, Md §, was defined by Xrumbein and
Pettijohn (1938, p. 229) as "that diameter which is larger then 50 per-
cent of the diameters in the distribution and smaller than the other 50
percent," The redian diameter is determined by reading the phl value
eorresponding tc the point where the cumulative curve intersects the 50

percent line,

Quartile Deviatlon
Quartile Jeviation is a measure that expresses the spread of
diameters on elther side of the median diameter, It is therefore an ex—

pression of the sorting of = sample,
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Quartile deviation 1s calculated by the formulat
Qg = QéL-z_',Q.!E

where:

Q1 is the Giameter in phi {ff) units that is larger
than 75 percent of the diameters in the sample and
smaller than 25 percent of the diameters,

Q3f is the diameter in phi (@) units that is larger
than 25 percent of the diameters in the sample and
smaller than 75 percent of the diameters.

The sorting coefficient (So) of Trask may be calculated from

Quartile deviation by the equation:
logyy So = logyg 2 x QDA = 0.301 x QDF.

Trask ( 930), who first introduced the use of quartile measures
in sedimentary data, stated that a value of sorting (Sc) less than 2.5

indieated a well-sorted sediment,

Quartile Skewness
The parameter that expresses the deviation ci the mean of the
first ané third quartiles (Q18, Q3f) from the median (Mdf) is called

quartile skewness (Skqff) and is ealculated by the equation:
Skoff = EE_;_QJ.E - Mag

where (1@, <3f, and Mdff have the values already defined,
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A value of 0 for Skqﬂ’ indicates that the grain sise distribue
tion in phi units is symmetrical about the median as far away as the first
and thira quartiles. A negative vaiue for Skqff indicates that the grain
9ize distribution in phi units is asymmetrical, with the mean of the
quartiles being coarser than the median walue, Conversely a positive value

for Skqff indicates asymmetry toward the finer side of the curve,

Quartile Kurtosis

According to Krumbein and Pettijohn (1938, p. 238), kurtosis
is a measure of the degree of peakedness of a curve, Peakedness as used
by Krumbein and Pettijohn is a comparison of the spread of the central
portion of a distribution to the entire spread of the distribution. In
this study the ratic of the quartile deviation to the spread of the cumu=
lative curve between the tenth and ninetieth percentiles is used as
guartile kurtosis (Kqf).

Kurtosis is determined by ihe formla:
Ko = Qg - Qi
2
Fgo = Pyo
vheres
lf‘90 is the diameter in phi units that is finer than
90 percent of the dismeters in a sample and cosrser
than the other 10 percert,
P“0 is the diameter in phi units that is finer than

10 percent of the diameters in = sample and coarser

than the other 90 percent,
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As defined above, kurtosis values will decresse with increas-
ing peakeduess, However, it 1s possible mathematically tc decrease the

value of kurtosis without the peskedness increasing,
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PRESFNTATION ANC DISCUSSION OF TFPXTURAL DATA

General Statement

The textural and mineralogical data obtairedby the analyses of
the seventy-gix samples of Welge sandstone are presented on the follow-
ing pages in several figures and tables. For the reader who is not
familiar with the popular phi notation adhered to by most sedimentolow
gists today, the sedimentary parameter values appearing on the charts and
graphs may be misleading. A phi (ff) value 1s defined as the negative
logarithm, to the base 2, of any grain diameter, The phi notation was
devised sc that, and is popular because, grain diameters in Wentworth
grades may be graphically illustrated more conveniently on an arithmetic
scale. The phi value for each Wentworth grade used in this study is shown
in Table 1. In the following discussion it should be remembered that as
the phi value increases the actual grein diameter decreases and conversely,

Several methods of presenting data are used to illustrate and
compare textural differences in the Welge sandstone., Cumulative curves
and histograms are used tc show the percent distribution of a parameter,
Parameter-variation graphs (Krumbein, 1939, p. 588) are useful for showing
the linear variation of related data. Another method is to combine &ll
the values of a particular parameter for each cection and determine the
average value such as would have been obtained if a composite sample had
beer collected, Average data are useful for making areal comparisons of
data by reans of isopleth maps. Still another rethod of data presenta-
tion 1s the scatter diagram, which is a graphic comparison of the same

two pararmeters of a large set of sarples plotted on rectangular coordinates,
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A plot on triangular coordinates is used to show the percentage range of

three variables, the total of which must equal 100 percent.

Grain Size Distribution

The results of ths sieve analyses are presented in Appendix A,
The stratigraphic position and the percent by weight of material in each
of the half phi graies is shown for each sample. It can readily be seen
from an inspection of Appendix A that most of the detrital grains of
Welge sandstone are in the medium sand-size (1.0 to 2,0 ) fraction. Only
samples from sections 10, €, and 4 had 2 median diameter in the fine sand
fraction (2.0 to 3.0 ).

Cumlative curves wers draun for each camrle ea a graphic means
of showing grain si.e distribution. The individual curvec of all samples
at each section were placed on one set of coordinates and the maximum and
minimum 1imits truced and shaded to show the amount of variability. The
resuits are shown in Figure 3. Figurs 3 shows, in addition to the range
of cumulative curves, an unshaded area on each set of cooriinates that
is the average cumulative curve for sach section from the tenth to the
ninetieth percentile. Section 7 exhibits the least grain size variabili-
ty, as shown in Figure 3, with a range of medisn diameters {Mag) from 1.40
to 1.65 phi, Section 10 exhibits the lergest grain sie varlation with e
range of median diameters from 0.75 to 2.81 phi, This lurge variation is
eaused by the pressnce of a bed containing granule-size materisl at the
base of section 10. In general the cumulative curves are characterized
by a steepness of the central part of the curve which reflects the high

percent by weight of material in a small range of phi values, It can be
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seen, zspecially ir the average curves, thab the slze distribations are
all neariy the same ond that the range 1n grain size is =mall, This is
inverpreted as an indication that cimilar energy ccnditions existed over
n wide arsa during the time of Welge depositicn.

The total insaluble portion of each sample of Welge sandstone
vas divided into three component fraciions as follows: coarse iractlcn,
less than 1,0 phi; wedium fracticn, 1,0 to 2.9 phi; and fine fraction,
preater than 2,0 phl, The sun cf the percent by wecight of these three
frections is 100 percent by weight of the insoluble part of a sample.
These date were plotted on triansular coordinates and are presented as
Figure 4. The area cutlined shows the total range cof grain size distri-
bution as percent by weight of each of the three abuve described groups,
This {igure is presented to show the homogeneity of the Welge sandstone
both areally and vertieally, Sixty~-three (83 percent) of the neventy-aix
sarples are plotted within the main body of the cutline and are characterized
by 40 to 65 pereent of medium sand, Within this part of the outline there
is no relationship between percevt of coarse, medium, and fine material
and section locality or «tratigraphic position, The plots of eleven sam-
ples fall in the tail portion of the outline, These samples are predomi-
nantly fron sections 6 and 10 and are chavacterized by more than 40 per-
cent of material in the fine (greater then 2.0 #) fraction and less than
40 percent in the medium—sand fraction, Two samples, 1U-1 and 10-2, con-
tain preater than 55 percent coarse meterial, an anomalously large per—
centage, and are therefore represented 1:: Figure 4 by the small isolated

cutline toward the ccarse corner of the triangle.
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In order ic show the vertieal varlation of grain size a plot
of median diameter (Maff) and stratipraphic position was rade for each gec-
ticn. Trese parameterwvariaticn praphs are presented as Figure 5, The
zraphs exhibit a flustuation of grain size frum the base te the top cf the
sections, indicating either that the Welge sea was characterized by os-
cillations of sea level or that there were repeatad upiifts in the scuree
aren. In every section, except 10, %, and 4, *he fluctuation of median
diameter is within the grade range of medium sené (1.0 to 2,0 f}, thereby
cignifying that the oscillations or uplifts were relatively minor., If
the Welge sandstone is a multicycle deposlt, as it seems to be, the verti-
eal grain-size fluctuations were rost likely caused by oscil.ations cf sea
level and the cherges of wave and current energy produced by such oscilla-
tions, However, if it is a first-cycle deposit, the grain-size fluctua-
tions would probably be a reflection of tectonlc instabllity in the source
area during the time of Welge deposition, The writer believes the graln-
size [luctuaticns tc have been caused by oscillation of sea level.

A correlative characteristic is noted at each section where the
disconferrmity between the Lion Mountain and Welge sandstones is observable
(1 tc 6, 10, and possibly 7)., Above the basal 2 to 3 feet of Welge sand-
stone the grain size begins to decrease and in mosi cases decreases in a
sherl stratigra hic interval to the minimum rrain size for the entire sec-
tiou. The vertical decrease ir grain size is tvpieal of & transgressive
sea, Daugherty (1959, p. 19} noted that the grain size of the underlying
Lion Mountain sandstone is coarsest at the top of the unit, The presense
of 2 to 3 feet of coarser material before the Welge begins to decreass in

grains size suggests that the Welge sea reworked the upper Lion Mountain
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cediments as it “ransyressed the exposed surface and incorporated some
Lion Hountein grains in the basal beds of ihe Jelge. The fact that the
crain eize of the Welge does not continue tc Cecrease o the top of the
section indicates, 25 has been noted, the probable oscillatory nature of
sea ievel of the Welge sea.

The graph of cection & in Figure 5 does not show the vertleal
grainesize fluctuation: that exist at cther sectionn. After the initial
Jecrease in median diameter, the grain size increases uniformly te near
the top of the section. This, along with the unusually small medlian diame
ters recorded for section 6, is interpreted as indicating that the Welge
ses was deeper and farther from a source area in the present Cherokee srea
than in areas te the west and southwest. After the Welge sea had trans-
gressed the area leaving the initially coarse deposit, fine sand-size
material was the predominant sediment sise depcaited, The increased water
Jepth was sufficient to permit the continued deposition of fine sand-size
material even during the oscillations of sem level recorded in other
sections.

The average median dliameter in phi units (Mda@) for each seation
was determined to simulste the median diameter (Md@) that would have been
obtained if a composite sample had been collected. The results are pre-
sented in Plgures € and 7 in ths form of isopleth maps of average median
diameter for the wWelpe sandstone in the Central Mineral regicn, The values
shown in Figure 6 were determined by averaging the median jiemeters (Mag)
of all serples at each section., The values shown in Figure 7 are different

fror those shown in Figure 6 because only those samples that were collected
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above the basal beds containing coarse, reworked Lion Mountain grains
were used tc determine the average median diazeters (Mda@) plotted on
Firure 7, The two methods are both used aud presentsd because one
(Fipure 6) has the advantage of being unbiased and represents the actual
average redian diameter of the Welge sandstone, and the other (Figure 7)
is Interpretive, but desirable, because it presumebly roes not include
in the average any prains that were derived from the immedistely underly-
ing upper Lion Mountain sandstone,

Figure & shows the medlsn diameters of the grains in the top
twe feet ¢f the Welge sandstone at each section and is presented to point
out the similarity between the average median dlameter and the median di-
aveter of the upper Welge, Fuch control point on the maps represents the
loeation of one of the sections sampled.

Yhe writer is aware that only 10 contrcl peints for an ares of
approximately 4000 square miles de act provide the degree cf resolution
that is deslrable for this type of graphic presentation., Before discuss-
ing the posyible causes for the ielge grainesize distribution the writer
wishes v» emphasize that there is not sufficient variation of the small
amount of available date to make dogmatic statements concerning the di-
rection of the source area anl the pesition of the strand line, Hewever,
as one o the objectivea of this study 1s an interpretstion of the di=
rection of the source area during the time of Welge deposition, end be-
canse the only analytical data pertinent to the subject are containsd in
thls report, Firures 6, 7, and % are presentved as plausible interpretations.
It is hoped that the implication of the interpretations nay gtimulate in-
terest for further study of the sedimentological problems of the Upper Came

brian rocks of the Central Mineral region,
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Pettijohn (1957, p. 607) stated that, in peneral, erain sise
tends to coarsen toward the source area. The most general direction of
increasing grain size, as shown in Figures 6, 7, and 8, is fror east to
west, thus indicating a source area west of the present Llanc region,

This inference is hased largely on the occurrence of the two secticns with
the smallest median diameter (6 and 10) on the eastern side of the area.

The writer believes that the lack of control and the relative-
1y small variation in grain size between most sections does not justify
a more specific direction of scurce area, however, several possihilities
are suggested and will be discussed,

Barnes (1956, v, 2~9) concluded that the source area of the
Welge sandstone was northwest of the Central Mineral region, This con-
elusion was based on the fact that the sandstone unit thins toward the
southeast, In another statement he (Barnes, 1956, p. 8) was less specific
when he said, "much of the sand, especially in the upper part of the Hickory
and higher, is thoughtto have been derived from the north, northwest, or
west." The walues shown for section 10, the most scutheasterly section
sarpled for this study, are in every instance (Firures 6, 7, anc 8) indlca-
tive of a finer grain sige than theoze shown for section 2 and 3 to the
northvest, thus supporting Barnes' statement that terrigencus material was
derived from a source area Lo the northwest.

Section 6 is also typically = fine-grain section and its loca-
tion in the northem part of the area makes it difficult teo pestulate =
northern source area., Instead the isopleth lines honoring this point
trend northwest-southeast, sugpesting a west or c~outhwest source, With-

in the area of’ study it seems likely that the sea floor sloped upward to
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the west or slightly scuth of west as indicated by the isopleth lines in
Figures 6, 7, and 8, It was pointed out that in Figure 5 the graph of
wedian diameter (Mdf) at section 6 does not show the fluctuating changes
in grain size that are characteristic of the other sections. Instead, it
shows a gradual increase in grain size from Just above the base of the
section to near the top., It was postulated that this might be due to ine
creased water depth in the vicinity, in which case the surface of depo~
sition was below the base of strongly agitated water even during the fre-
quent oscillations recorded elsewhere,

Referring again to Figures 6, 7, and 8, a northeast trending
nose involving sections 5, 2, and 7 van be seen in each of the interpre-
tations, This, although interpretive, further suggests sediment influx
from the southwest. The only cther evidence supporting this suggestion
lies outside the area of study. The Forest 011 Corporation, No. 1 Stapp
well drilled in southeastern Kimball County encountered s secticn com—
posed entirely of eoarse-grained Welge sandstone (Barnes &% al, 1959,
Plate 3).

By corparing Figures 6 and 7 with Ficure 8, it may be noted that
the uppermost part of the Welge at section 4 1is coarser than the average
size at that locality. This suggests either that the area was nearer to
the strand line when the upper beds were deposited than it had been during
most of the time of Welfe deposition or that there was an influx of coarse
material from the northwest.

Sections & and 9 appear to be eoarser grained than would be ex-
pected from their location in the eastern part of the area. No definite

explanation for this fact ean pe accepted even by conbining mineralogical
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and roundness data with grain size data. Three possible explanations are
suggested.

Hills of Precarbrian rock that extended above the Upper Carbrian
depositional surface and were in some instances islands in the Upper Came
btrian seas are known to have existed in the Llano uplift area. Barnes
(1956) described a buried granite hill located less than 0.5 mile north-
east of seection 9, There is good evidence that the hill was not covered
by sediments until after the end of Welge sandstone deposition besause
"locally derived mierceline cleavage fragments occur in the basal few feet
of Morgan Creek limestone on the eastern side of the dome" (Barnes, 1956,
P« 16). Barnes further stated that, "the decomposing granite supplied
coarse rmicrocline and quarte grains to the sediments immediately adjacent
to the dore, but these fragments did not move far., For example, along the
eastern edge of the granite outcrop near the hipghest polnt on the dome,
the Welge sandstone is very feldspathic; and where the Lion Mountain rests
on the granite it is scarcely identifiable because of the coarse feldspar
and quartz which it contains, On the opposite side of the dome and only
300 yards away, Cap Mountain limestone, highly feldspathic in its basal
few feet, 1s overlain by Lion Mountain sandstone followec by Welge sand-
stone, both of which are entirely normal in appesrance and free from lo-
cally derived detritus" (Barmes, 1956, p. 16).

Roundness and mineralogieal data «hich wiil be precented in
forthcoming chapters tend tc suppert Barnes' belief that clasties derived
from the granite bill were not transported far from the hill. It is possi-
ble, however, because of its proximity, that the granite hill is responsi-
ble for the coarsening =zt cections 8 and 9 as a result of some locally

derived clasties being wmixed with those from a more distant source,
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Another possible and certainly plausible explanation is that
the hill obstructed normal currents and caused secondary currents which
had & tendency to scour in some places and deposit in others. These
loeel currents would have prevented the deposition of much of the fine
sizes that would normally have beer deposited and thus imparted to the
section an overall grain size that was coarser than normal.

Net to be denled is the possibility of a source area northeast
of the Central Mineral region. The interpretations shown in Figures 6, 7,
and 8, were not made tc show a northesstern scurce area mainly because
there is no other evidence suggesting such a source area. The fact that
the Welge sandstone is eoleareous in sections 8 and 9 suggests that this
area was at a lower elevation and was covered by deeper, less agitated
waters farther from shoreline, than those sections to the west which are
non-calcareous,

Figure G is an isopleth map showing the average percent by weight
of the silt-clay fractlion at each of the sections. It is noted that there
is a general increase toward the east in the average silt-clay content
of the Welge sandstone. This further sugrests a western source area.

One would expect to find the least amount of silt-clay sive material near
the shore of an open platform sea, The winnowing effect of wave action
presumably separated the [ine material ifrom sandy material., As a result
the ailt-clay material was transported away fror the srurce area and the
storeline, The extent to which 1t would be removed, of course, depends
on the energy imparted to the waves and the effectiveness of currents,
In the preeeeding discussion of textural data a possible source

directien or source area was mentioned in several places, yet no mention
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was made of the nature of the source area. This discussion will be re-
served for the chapter in which the mineralogical deta are discussed.
The writer would like to state here that textural data such as have been
presented ars useful for determining either the direction of the source
area or the position c¢f the strand line regardiess of the nature of the
source. That is, if all of the terrigencus material of the Welge sand-
stone was derived from the land, carried to the sea, end distributed and
deposited by the sea, then the source could be located by analyses of tex-
tural data, If, however, the Welge sediments were derived from a pre-
existing deposit that was transgressed and redistributed by the Welge seas,
then the original scurce area cannot be located geographically. In the
event that the latter of the two possibilities actually occurred, it may
be possible to locate the strand line by means of textural date, and with
this information it is possible to predict a general source direction of
any first-cycle terrigenous material that is found in the deposit.

The homogeneity of grain size in the Welge seems to suggest
that the sea in which it was deposited transgressed rapidly and then oseil-
lated slightly, but maintained almost constant energy conditions for the
reriainder of the time of depositicn of the Welge member., As the sea trans-
gressed, mest material finer than the maximur size that could be trans-
ported at a specified time was carried away Iror the ghore in the same way
as deseribed for the silt-clay rraction. Thus, in a stable area where
energy conditions are relutively constant, a well-sorted deposit such as
the Welge would be expected. The relative direction of the shoreline can
be ascertained by noting that the coarsest deposite would tend to be nearer

shore where water was presumably wore strongly apitated, The widespread
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homogeneity of the Welge indicates stability in that there were presuma-
bly nearly constant water depths over the platforn on which the Welge was

deposited.

Parameter Variation

The statistical parameters calculuted for the grain nize distri-
bution of each sample of Welpe sandstone ars presented in Appendix B.

An exarination of Appendix B indicates that the range of sorting coef-
flclents (fo) 1s betwsen 1.19 and 1.99. A value of So less than 2,5 in-
dicates a well-sorted sediment according to Trask (1930), who first in-
troduced the measure, The Welge sandstone is everywhere typically a well-
sorted sedimentary rock unit. Further inspection of Appendix B shows that
there 1. no uniform increase or decresgse in sorting either areally or
vertically., The rinor variation of the sorting coefficients (So) oceurring
in & non-uniforn nature through the Welpe sections suggests a possible
cseillatory nature of the Welpe ses under wniform energy conditions,

The scatter diagram in Figure 10 shows the distribution of plots
of radian diameter (Md¥) and quartile deviation (g} on rectangular cc-
ordinstes. HNo trend is observable from the Plots so it seems that there
is no linear arithretic relationship between grain size ang sorting in the
Welge sandstone. The rolationship between quartile deviation (QDf) and
sorting coefficient (So) has been described on page 30. Beth parareters
expres= the spread of the distribution and are therefore indices of sorte
ing. The lack ¢f un observable relationshiy between grain size and sort-
ing may be in part explained by the fact that the Welge is typically a
well-sorted, rmedium-;rained sandstone, A relationship might exist if there

were 4 larger variation of both sorting and grain size.
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Skewness and quartile deviation values of the Welge sandstone
are plotted in the seatter diagram shown in Figure 11. A relatiounship
between these two parameters is suggested by the fact that quartile de-
viation increases as skeuwness ineresses in either s positive or negative
direction, This relationship is without geclogic significance beceuse
it is due to vhe attributes being measured.

Skewness is a measure of the asymmetry of the yrain-size dise
tribution and quartile deviation is a measure of the spread of the grain-
size distribution. If sarples from a single well-sovted unit are analyzed,
any asymmetry may tend to increase the spread of the distribution. This
relationsnip is suggested in Figure 11,

Pogitive skewness prevails for the Welge sandstone. It can be
seen in Figure 11 that five percent (4 samples) of the grain-size distri-
butlions are symmetrical between the first and third quartile measures be-
eause the sarples have a 0 skewness value, 0f the remaining skewness
values, 73 percent are positive and 22 percent are negative, Positive
skeumess indicates that the grains coarser than the median size are grouped
more closely about the median than are the sizes [iner than the median,
or simply that Q1 is closer to Md@ than (3@, Likewlse a negative skew-

ness also indicates that Q3@ ic closer to Mdf than is '),

Roundness
Roundnesz datz for the ten samples analyzed ~re recorded in
Table 3. The range ir average roundness is from 0.54 for sample 9-6 to
0,64 for sample 1-6, A roundness determinnticn wac rnde on cne ol ithe

original ten samples {’-5) one yeek after the results listed in Table 3



Table 3: Roundness Values of the velge Sandstone,

Section Semple  Strat, Position Average Grade Secondary
\feet above base) Roundness Overgrowths*
1 [ 14 0.64 Rounded Rare
2 £ 10 Ce58 Rounded Comzon
3 6 20 0,60 Rounded Common
4 5 12 Q.61 Hounded Rare
5 3 7 5% Rounded Rare
[ 5 18 Q.63 Rounded Rare
7 5 125 0,60 Rounded Rare
7 & 9% 0,56 Rounced Common
9 6 10 0,54 Rounded Comron
10 5 7 0,56 Rounded Comron
* Common >15% (est,)
Rare . 15% (est,)
40
32.4
30l
24,8
B 21.2
g20|
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FIGURF 12: Histogram of Roundness of 530 Grains
From Ten Sanples of Welge Sandstone,
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were determined to test their reproducibility, The redetermined average
roundness value Ter vample 2-5 was 0,52 and the initiel value was 0,58,
Therafore, the 0,54 to 0,64 difference hetween the ten sarples is prouLably
not significan® beeanse variations within a sample due to experimental
errcrs cr to overgrowths may he this great, & column shouing the relative
abundance of overgmuwths in the samples for which roundnecs was determined
1s included as part of Table 3 to further show the effect of the over-
srewths on roundness determinations, The lewest roundness values were

in peneral recorded fer those samples in whieh overgrowtha were common,
thereby suggesting u possible personal blas on the part of the investi-
rator, In Figure 12 the percent frequency by number of grains in each of
Krumbein's (1941) standard roundness grades is shown in histogram form,
The average roundness of all grains was 0,60,

The most significant statement that can be made concerning the
roundness of the grains in the Welge sandstone is that they are typically
rounded; only small percentages of broken grains are present, Accord-
ing to Pettijohr {1957, p. 554=5), "roundness is an index of maturity and
a9 suchk should be closely correlzted with the other indices of maturitv,"
The three indices of textural maturity as defined by Folk (1951) inelude:
(1) removal of clay, (2) good sorting of the non-clay fractiom, and (3)
reunaing of the grains, It has already been shown in Figfure 9 that the
Welge san@stone conteins very little silt-clay size material and all same
ples that were analyzed are well-sorted, thersfore roundness is correla-
tive with the other indices of “extural maturity. The Welge sandstone is
classified as a supermsture sandstone according to Folk's (1951) classi-

Fication of the stages of textural maturity.
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PRESFNTATION AND LISCUSSION OF MIWFRALOGICAL DATA

Variation in Mineralogical Content

Heavy minersl separations were performed on thirty-five samples.
At each section the samples from the lowest and highest stratigraphie
position plus one or more intermediate samples were analyzed. The heavy
mineral content as determined from the separations is given as percent
by weight in Table 4, The average percent by weight of heavy minerals
for each section is alzo given in the table. It can be seen that the
heavy riineral content was less than one percent of the total weight of
the inscluble portion of the sarple larger than 0,062 millimeter in every
instance except sample 10-1, This sarple appeared to contain a concen—
tration of heavy grains, 4s already pointed out, sample 10-1 had an
anomalously coarse median diameter., It may be that the concentration of
heavy minerals was related to the coarse grain-sigze cf the sarple. The
content of heavy minerels, excluding sample 10-1, varied from 0.03 per=—
cent to 0,90 percent of the weight of the sample, The high degree of
mineralogical maturity that is indicated by bthe low ccentent of heavy
minerals in the Welge sandstone may have been caused by derivation of the
terrigencus sediments from a mature sedimentary source or by tectonie
stability in a source area of low relief or by both of these factors.
Certainly the Welge sediments have been exposed to climatic conditions
that favorsd tvhe renoval of all unstable anu metastable minerals.

There is no observable relationship in the Welge sandstone be-
tween percent ol heavy mineral content and geographle positicn, This

right be expected if' the Welge is a multicycle deposit. The highest



Table 4: Percent by Weight of Heavy Minerals.

Section Sample % Heavy Minersls Section Sample % Heavy Minerals

1 8 0,20 5 Average 0,18
1 5 0.45 6 7 0.18
1 1 0,53 & 6 0,23
1 Average 0.41 [ 2 0,32
2 4 0.17 [ 1 0424
2 7 0,09 [ Average 0,24
2 4 0.61 7 7 0,19
2 1 .18 7 4 0.68
2 Average 0,26 7 1 0.49
3 7 0.26 7 Averaga 0445
3 5 0.48 8 8 D.51
3 1 0,48 & 4 0.74
3 Average 0.41 8 1 0.90
4 1 0,27 e Average 0472
4 6 0.26 9 8 Outs
4 2 0419 S 5 0,61
4 1 014 G 1 0.41
4 Average 0.21 9 Average 0.39
5 g 073 10 7 0.52
5 7 0.03 10 4 0.18
5 5 0,04 10 1 1487
5 2 0.4 10 Average 0.86
5 1 0.07
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percentage of heavy minerals should eccur in those sections nearest to

the source area in a first eycle deposit. As the sediments are redistribu-
ted and Jeposited in succeeding cycles it becomes impossible to determine
the original scurce direction solely from the percent by weight of heavy
mineral content of the rock unit,

It was observed from a scotter diagram of median diameter and
percent of heavy minerals plotted on arithmetic graph paper that no clear
relationship existed between these two psrameters. The plots of some
samples suggested that the percent of heavy minersls increases with in-
creasing grain size and plots of other sampies showed an alignment that
suggested that the percent of heavy minerals increases as grain sise de-
creases. There was mc correlation between areal or vertical position of
any samples and the heavy mineral-grain asize relationships of those same
ples, Therefore, these relationships are probably only significant in
that they suggest that local concentrations of heavy minerals in the Welge

sandstone are not uncomon.

Mineralogy

The terrigencus heavy mineral suite of the Welge sandstone is
composed of minerals that are noted for their mechanical and chemical sta—
bility. Upaques (probably ilmenite), sircon, leucoxene, and tourmaline
were present in all twenty-one slides for whict a frequency-of-ogcurrence
determination was made. The opaque minerals ncrmally accounted for more
than 80 percent of the heavy mineral grains., fSourmalihe never occurred
in abundance but was always present, Rutile and garnet were present as

traces {less than one parcent) in several slides. Authigenic anstase and
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leucoxene are also comstituents of the Welge sandstone heavy mineral suite.
The iimited variety of stable terrigenous heavy minerals indicates that
the immediate source area was s sedimentary terrane (Tyler, 1936, p. 82),
The vrequencv of occurrence of the heavy minerals is tabulated in Table 5
Quartz is the predominant light mineral in the Welge sandstone.
Glauconite and chalcedony are other minerals having a specific gravity
less than 2,86 that are present in varying amounts, Glauconite in any
quantity other than an ocoasional scattered grain was restricted to sam-
ples collected at sections 7, 8, 9, and 10, It 1s estimated that glau-
conite constituted less than five percent of the light fraction in most
samples ut sections 7, 8, 9, and 10, Two beds at sections & and 9 con~
tain an sbundance of glauconite (estimated 25%) in the compact irregular
form and may properly be termed glauconitic sandstones, Glauccrnite was
destroyed when the sample was heated in hydrochloric acid to remove the

iron stains from the grains,

Description of Heavy Minerals

For purpose of frequency determination the opaque heavy minerals
were divided into two types, black opagues and brown opaques, on the
basis of their coler in reflected light., It was qifficult to make this
division because all gradations from completely black to completely brown
opaques were pre<ent, If a grain possessed an' brown at all it was counted
7ith the brown opagues. Most of the black opaques were believed to be
ilmenite.. They exhibived a shiny bluish-black color in reflected light
and were not atiracted by a magnet that was passed over the grains at a

distance of one centimeter, Ilmenite was present as well-rounded greina



Table 51 FPerceni Frequeney of Occurrence of Heavy linerals,

Black Brown
Sample Opaque Opaque Zircon Leucoxene Anatase Tourmaline Rutile Garnet

1-8 3 #9 & 1 Trace 1 - Trace®*
1=5 8 a8 4 Trace Trace Trace Trece -
1=1 &9 4 5 1 - 1 - -
2-8 1 75 12 2 10 Irace Irace -
27 1 85 9 2 3 Trace - -
2-4 4 29 3 2 2 Trace - -
2-1 90 4 4 2 - Trace Trace -
4=8 12 K4 9 2 Trace Trace - -
4=b 5 86 7 2 Trace Trace - -
bfe 3 86 9 1 1 Trace Trace -
4=1 2 81 n 4 1 1 - -
6-7 3 79 16 Trace 2 Trace Trace Trace
6=6 5 87 5 2 1 Trace - -
62 2 79 6 9 4 Trace Trace -
6-1 2 78 8 5 6 1 Trace -
B=8 73 21 5 1 - Trace Trace -
84, 92 3 b Trace - Trace Trace Trace
8=1 90 2 [} 2 - Trace - -
10-7 25 VAl A Trace - irace Traze -
10-4 A 24 1 1 - “rece - -
10-1 93 1 3 3 - Trace - -

* Trace = present, but less than 1%,
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as shown in Plate 1 (C), and as broken fragments of once well-rounded
grains, The surfaces of the grains were rensrally smooth but a few grains
had irregular surfaces. The irregular surfaceswere rost commonly noted
on the brown opaques.

The brown opaques are thought to be oxidized ilmenite, This
statement. is besed on the suggested relationshiy between percentage of
authipenic enatase and percentage of brown and black opaques, It is shown
in Table 5 that authigenic anatase was absent from the samples of Welge
sandstone in these sections where black opaques predominated. Where
brown opaques were predominant there was always some anatase present in
the heavy rineral suite, This suggests to the writer that the opaques
are all one and the same mineral because both anatase end ilmenite are
titanium minerals. Gradation from all black to 2ll brown grains is also
suggestive that the opaques are some form of ilmenite. Leucoxene, which
is an alteration produet of ilnenite, was found in all samples regardless
of the nature of the opaques, This further Suggests that the brown opaques
are oxidized ilmenite., It iz believed that the irregular surfaces noted
above were due to sclution or weathering effects because they were seen
alrest entirely en the hrown opaques., It is not impossible that the brown
opagues ere oxidized glauconite pellets; however, if this is true then
the variation in the content of ilmenite in some aarples woeuld have to be
exrlained, It is recognised that other cpaque sinerals, excluding ragne-
tite, may have been included with the ilmenite in some sarples,

Zircon occurs as both spherical and prolate, well-rounded to
slightly rounded grains as shown in Plates 1 (L) and 3 (C). The less

well-rounded grains somronly are in the form of suhedral prismatic grainms.
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The well-rounded grains are more notliceably frostec and pitted than the
lens well-rounded ones. Gradations in color from colorless to faint pink
and faint brown are present among the sircon grains. Colorless and opaque
inclusions are comron in many of the grains,

Tourmaline grains in the Welge sandstone are characteristically
well rounded as shoun in Plate 3 (D). Angular fragments of broken
rounded grains were recognized by =z well worn outline on part of an other-
wise angular grain. In generzl the grains were too well worn to show &
distinct elongation, but the nrominent absorption exhibited by tourmaline
provided a means of sasy orientation. The predominant color of the toure
maline grains is brown, however, several grains of the green and blue
varieties were seen, Inclusicns, while not common, are present in scme
grains as needle-like (acicular) erystals and as irregular colorless and
opague masses,

Because of itg dnll white and opaque ch:racter, the presence of
leucoxene could be oasily detected by viewing the grain in reflected
light. The outline of scme grains could be seen hetween crossed nicols
as very thin edges appear tn be translucent and shew a high birefringence.
The irregular nature of the surface oT some of the leucoxene is interpreted
ac evidence that the rrain hss not been transported. Also, it was not
uncomron te see plate- of anatase pretruding frov the authlgenic leucoxene
grains. Thie type of leucoxene was probably derived from the alteration
of ilmenite since the time of Welge deposition, Some leuccxene also cccurs
as smooth, rounded grains which suggests that it may have formed before

being deposited with the Welge sediments,
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Only a few grains of rutile were identified in several slides.
Two grains are present in the view shown in Plate 1 (B)., A deep brownish-
red color was characteristic of all grains of rutile identified in the
Welge sandstone. The surfaces were rounded but not so much that the origi-
nal euhedral outline eouid not be reccgnized in several grains, Some
grains appeared to have been rounded and then breken, producing an irregu-
larly shaped grain,

Garnet ocecurs as pale pink grains that were readily identified
by thelr isovropic nature and high index of refraction. Garnet, al-
though rare in the Welge sandstone, suggests that some of the material
was initially derived from a metamorphic terrans,

Anatase was common in several slides and wae present in all
those in which brown opaques were predominant, It was not found in those
slides in which black opaques predominated in the heavy rineral suite.
Anatase is characterized by tabular euhedral grains as shown in Plate 3
(L, B). Some grains appeared to have been either partially destroyed by
solution or imperfectly formed. However, none of the grains showed any
degree oi’ rounding, This establishes the fact that anatase is an authi-
genic mineral. All grains ave a straw yellow color. In some grains
zoning eould be seen. Sra.l, dust-like inclusicns were alsc common, A
ualaxial negarive interference {irure was obtainable Irom practically
every grain because they tended tc lie on a 001 face cue tc their tabular

nature,

Description of Light Minerals
Quarte grains are the predominant constituent of the Welge sand-

stcne. The grains of quarts vary from granule to silt size, but rost are
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in the medium-sand grade. The larger grains tend to be befter rounded
than the smaller grains, Frosting, such as would have been produced by
aeolian action, is commen on most of the grains in the redium sand and
coarser sizes. It was also observed on the sraller grains but was not
nearly so common. The grains in the fine and very-fine sand grades are
more glassy and more angular than the coarser grains, Inclusions are
common and range from numercus dust-like ones up to individual grains
large enough to be identified with the petrographic microscope. Tourma-
line was identified as an inclusion in several quartsz grains, The varia=
tions in the types of inclusicns may indicate that the original source or
sources of the Welge sandstone consisted cf both acid igneous and metamor-
phic terranes,

Secondarily enlarged quarts grains, several of which are shown
in Plate 2 (4, B, C, D) are common in the Welge sandstone, The over-
growths appeared to be rore common oen frosted grains that were rounded and
contained inclusions than on angular glassy grains, however, it was not
uncommon to find overgrowths on all kinds of quarts grains, Both singly
and doubly terminated overgrowths rive a grain a prismatic appearance;
those grains having only a singly terminated cvergrowth still retein their
rounded appearance on one side as shown in Plote 3 (D). The fact +hat none
of the overgrowths seemed to be broken or worn indicates that ithey were
Tormed after the Welge was deposited aac thet they do not effectively serve
¢ cement the grains,

Only several grains of chalcedony were identified in the Welge
sandstons, These grains showed evidence of transport in that they had

been rounded. It was very easy to recognize the chalcedony grains because
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of their ricrocrystalline nature, Between crossed nicols the grains
sparkled ns the rtage was roteted but they never showed corplete sxtinc~
ticn,

Glauconite is present in the Welge sandstono both as rounded pel-
lets in a calcarsous sandstone and as irregularly shaped compact nasses
that serve as a cementing agent for quartz grains, The green coler of
peliets that were =tudied with a petrographic rieroscope served to mask
sore of their optical properties., Glauconite appears tc be microerystal-
line when viewed between crossed nicols.

The Welge glauconite has X-ray properties like those desipnated
by Burst (1958) as representative of well-ordered group one glauconite.
The symmetlrical basal reflections corresponding to a "d" spacing within
the crystal lattice of 10 and 3.3 angstrom units are a characteristic of
group one glauconite that cin be seen in the diffractogram of a sedimented
sample of Welge glauconite in Fipure 13. The random~powder diffractogram
has several peak reflections begides those at 10 and 3.3 angstror units.
By using a sedimented sampie the particles are oriented so that only the
basal reflections appear on the diffractogram as shown in Figure 13. The
peeks shown on the lover @iffractogram are ayrretrieal, thus indicating
a high degree of crystalmstacking regularity., It is postulated, although
in no way proven, that a high degree cf crystal-stacking regularity is
indicative of stable conditions where there is sufficient time for glau~

conite formation tec he carried on te its final stages.

Thin Zection Description
A thin sectlion was prepared from each of five selected sarples.

These five sarples, 5-2, 7-7, 1)-4, =2, and 9-5, were selected because
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Exposure of Welge sandstone at Section 2,
This is near the type locality. Squaw Creek
flows over Lion Mountain sandstone; bluff,
above lower few feet, is Welpge; and Morgan
Creek limestone cans bluff, Travertine can

be seen covering parts of bluff.

3

C

Opague heavy minerals from sample 2-1 show-
ing roundness. Transmitted light, XS5O0.

PLATE 1

B

Exposure of Welge sandstone at Cedar Point,
Section 6. Lion Mountain-Welge contact is
marked by abrupt change in slope. Morgan
Creek limestone cans ridge.

o

Typical specimens of some non-opaque heavy

Z, zircon; T,
Trans-

minerals from sample 6-3.
tourmaline; A, anatase; R, rutile.
mitted light, nsl.66, Xu8.




A

Quartz grain from sample 2-1 showing doubly
terminated secondary overgrowth. Transmit-
ted light, n=1.L7, XL8,

65

C

Quartz grains from sample 2-1 showing singly
terminated secondary overgrowths. Transmit-
ted light, n=l.L7, XLS.

PLATE 2

B

Ouartz pgrains from sample 2-1 showing sin-
gly and doubly terminated secondary over-
growths. Transmitted light, n<1.47, XL8.

D

knlarged view of circled grain shown in C,
The dotted line shows the outline of the
original grain, Transmitted light, n=1.L7,
X225,
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A B
Euhedral grain of authigenic anatase from Euhedral grain of authigenic anatase from
sample 6-§ lying on 001 face. Transmitted sample 2-8 lying on 001 face, Transmitted
light, nal.f6, X225, light, nel.66, X225,

C D
Three rounded grains of zircon from sample Well rounded grain of tourmaline from sample
2-7. Prolate grain is result of original 2-8, Insert shows uniaxial interference
prismatic crystal shape of zircon. Trans- figure obtained from this grain. Transmit-
mitted light, n<l.66, X150, ted light, nszl.66, X225.

PLATE 3
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they were characteri-iic of the minor variations in iithology exhibited
by the Welge sandstone throughout the entire area of its exposure. It
was necessary to impregnate all samples except 10-4 in order to make &
thin section. It should be pointed out that these samples dild not, in
every instance, represent the litholopgy of the entire section from which
they were taken, nor were they all from the same stratigraphic position,

Sample 5-2, in hana specimen, appeared to be characteristic of
all samples of Welge that have been described earlier as being composed
of typieal Welge sandstone except that it was better indurated than some
of the friable samples. In thin section this sample was found to be a
rounded, wellwsorted, medium-grained, quartz sandstone, As a result of
the almost total absence of interstitial material and loosely packed grains
the sample appeared to have a high porosity, The one to two percent of
interstitial material was limonite, part of which was presumsbly depesited
after the deposition of the Welge sandstone. This is evidenced by the
fact that limonite occurred both as interstitial material and as coatings
of somwe grains, There was a minor amount of siliclous cement, Uvergrowths
were much less conspicuous in thin section than in mounts of locse grains;
however, a thin section and loose grain mount of the same semple were not
corpared, Dust-like inclusions were common in the quartz yrains, however,
scme grainc were completely void of inclusicns. In a few grains the in-
clusions showed a tendency toward parallel «ligmment.

Sample 7-7 was similar to sample 5-2 except that it had a higher
percentage of interstitial limonite (estirated 3 to 4 percent), and a few

small irregular patches of ealcite (estimated 2 percent), The limonite
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and calcite served as the cementing material, Quartz constituted about
95 percent of the sample, There was a noticeable irregularity of the
surface of some quartz grains, This wus probably the frosted and pitted
edges of the grains but it may have represented replacement of the quarts
by calcite, When comparing thin sections of samples 5-2 and 7-7 it was
seen that 7-7 was less well sorted than 5-2. This cbservation can be
checked by the results shown in Appendix B,

The slide «f sample 10-4 was characterized by tightly packed
quartz grains with an almost negligible amcunt of limcnite, Caleite was
rore common (estimated 7 percent) than in either of samples 5-2 or 7-7 and
occurred as coarse irregular patches of crystalline calcite. The Welge
sandstone at section 10 is less frisble than at any of the other sections
studied except at those where the cement is entirely calcarecus, The Qe-
creased friabllity of the sandstone at section 10 is due to the presence
of some silicious cement, a tighter packing of the quarts graine, and more
calcareous cement than is present in the sections to the northweet,

Sample 9-5 was & caleareous, quarts sandstone in which the cal-
cite cement {estimated 20 percent) occurred as an irregular crystalline
mosaic between the widely spaced quartz prains, This was the sparry cal-
cite cement described by Folk (1959), The quartz grains were noticeably
less closely packed than in samples which have little or no calcareous ce-
ment, This sample appeared to be completely cerented so that it had a
lower porosity than the non-calcareous sandstones. In some places the
pores between quartz prains were filled with more than one grain of cal-
cite, but in some parts of the slide a calcite grain was large enough to

completely enclose several prains of quarts,
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The sparry calcite cement was probably formed during diagenesis
by recrystallization of a microcrystalline calcareous mud, It is possi-
ble that the cement wzs deposited directly as a sparry calcite and has
not been recrystallized (Folk, 1959, p. 10). However, according te
Williams, Turner, and Gilbert {1954, p. 317), calcareous material is readi-
ly recrystallized during dlagenesis. The main evidence that recrystalli-
zation of a microcrystalline matrix has occurred was the loose packing
of the quarts grains, They appeared to floal in the sparry calcite ce-
ment, and Folk {1959, p. 34) stated that, "rock could not have been de-
posited that way."

Fossil fragments, although not present in the thin section of
sample 9-5, are present in the Welge sandstone st sections 8 and 9 where
it is composed of calcareous, quarts sandstone. Several rounded outlines
were seen in the thin section of sample 9=~5 in which calcite appeared to
have replaced limonite that represented oxidized glauconite pellets but
no trace of original detrital carbonate fragments was visible,

Sample 8-2 was a glauconitic, quartz sandstone that contained
an estimated 75 to 80 percent quartz and 25 to 20 perecent glauconite.
A1l of the glauconite existed as compact masses without regular outlinee
and, alded by some seccndary quartz overgrowths, served as the cementing
material in this sample, There are only two 1- to 2-foot beds at seo~
tlous 8 and 9 that have this lithology. Volumetrically they represent
only a small portion of the Welge studied, however, the envirommental im-
plications of these two beds ls of great significance. In each instance
they are overlaln by beds of calcareous, guarts sandstone containing scat-

tered rounded pellets of glauconite, The writer believes that the
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glauconite that occurs as irregularly shaped corpact masses has not been
transported and that the rounded glauconite pellets probably have been
transported. The assoclation of terrigenous sand grains, glauconite that
presumably has not heen transported, and very little of anything else sug-
gests an environment in which turbulence was sufficient te prevent the
deposition of silts, clays, and carbonate ruds, but was not as great as
in those areas where pure quartz sand was deposited, It is likely that
after the glauconite formed, quartz particles and some newly formed glau-
conite were further reworked enough by wave and current action to round
the glauconite, These were redeposited with mieroerystalline carbonate
mud which recrystallized during diagenesis,

There remains to be explained the differences between depoe
sition in Paleozoic shelf seas and more recent shelf areas. It is not
uncommon in Paleozoic quarts sandstones, such as the Welge, to find &
gradation from pure quartz sandstone to calcareous, quartz sandstone to
arenacecus limestone and dolomite with an absence or scarcity of shale
(Pettijohn, 1957, p. 299). In Cenosoic and younger deposits there is
usually a gradation from sandstone to shale to limestone, The reason for
these differences in facies is related fo the greater tectonic stability
of Palevzoic shelf areas than of Cenozolc shelf areas, During the depoe
sitlon of Paleczoic sediments there was rore time for a thorough winnow-
ing and reworking of the sediments so that sili-clay size raterial was
largely rermoved, It is believed that there were periods of quiescence in
the offshore parts of the platform, in which the water was not sufficient
1y agitated to prevent the deposition of a microerystalline calcareous

mud,
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CONCLUSIUNS

The Welge sandstone was deposited by a transgressing sea on a
stable Paleozolc platform that sloped upward alrost imperceptibly toward
the west, There was very little relief except for loeal hills of Pre-
carbrian rock, ~hich by the time of Welge deposition, protruded only slight-
ly above the general level of the platform. Because of the low relief
and gentle slope of the platform the Welge seam was able to transgress
rapidly.

The sea that deposited the Lion Mountain sandstone regressed
beyond the location of all of the sections of Welge sandstone sampled for
this investigation except sections 8 and 9., There was no break in sedi-
mentation between the Lion Mountain and Welge sandstones at sections &
and 9. The shoreline regressed only a short distance to the esast of
section 10, A slightly irregular contact between the Welge and Lion Moun—
tain merbers and a color change from green to yellow=brown, caused by
the presence of glauconite in the Lion MHountain and its absence in the
Welge, are evidences of the disconformity that exists between these two
sandstone mermbers. The basal Welge beds just above the disconformity
usually have a coarser median Glameler than the remainder of the Welge
seetion, however, the difference in grain size is not always great encugh
to be recognized in the field.

After the rapid transgression of the Welge sea from east to
west there were frequent minor oscillations of sea level, Throughout the
tire of Welge deposition, even during the minor oscillations, there was
nearly uniform wave and current action so thet only particles within a

small size distribution were deposited, The selegtive sorting was
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accompliched by a thorough winnowing and reworking of the deposits, All
material finer than the minimum size that was beinr deposited was swept
away to some yet undetermined siie of deposition in the Welge sea, The
supply of terrigenous raterial was never grent and the waves and currents
were able tc winnow, rework, and redistribute the sand so that by ihe
t-ime of final deposition the total envirommental characteristies of a
shallcw—water stable platform wers imprassad on the deposit,

The terrigencus raterial was originally derived from an scid
ignecus and metarorphic terrane, howsver, it is likely that the direct
source of the Welge sandstone was a sedimentary terrane. Sometime after
the original derivation and before the final deposition the material was
probably exposed to aeclian action,

The Welge grades laterally fror pure quartz sandstone in the
western exposures to glauconitic, ealcareous, quartz sandstone in the
eastern and southeastern parts of the area which were farther from the

strand line of the Welge sea,
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Legend:

(1]

1=

W

W~

s
X

P

Secticn numbev
Samplie numier

Strati rernic positicn of sarple in feet abeve Lase of Welge sandetone,

STZE ARALYSIS DATA - WFLGF SANDSTONT

The numbers nbove each ~oliumn indicate the minimur size in phi () units of materinl retained

in respective V2 Wentworth prades (f# increases as prain size decreases).

0.08

Pereent by weight

05 1,0
Sectlon 1
5440 16415
5.45 16,91
1.i3 21.53
4,06 16,10
364 14,16
2,05 5.7
6,11 0,78
16,09 24.59

2.0

25.24
12,73
18.01
22,21
29.25
42,40
22,89

19.86

235

13.3%
Tai2
3N

11.83

12,07

17,02

3.0 343
.93 0,08
8.56 4.6
2,08 1,37

1240 a8
6,79 1,17
7.39  0.64
16434 191
1,52 0439

LoD =440

0433

1443

4400

12.49

0,70
4e95
406
0,22
0,67
1429

8L
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22

18
10

20
12

W O

0,02

=-0,01

0,57
0.20
Q.21
0.0%
2.01
0,09
0.18

Pergent by welght

045

1.0

Section 2

345
546
6.29
6,06
533
8,09
2,07

1.82

21,09
24,27
22,87
26,31
16,95
23.81
12,17

17.46

Sectlon 3

11.08
8.29
17426
8,32
0.41
8,97
12,67

2R.61
18.18
21.86
18.82

472
27.53
21,05

LS

32,82
33.10
3030
29,16
24,74
21.92
23436
36447

30.43
24,67
28440
24405
25,37
24.11
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24448
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20.93
25.24
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12,08
R4.89
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23.41
20.65
23.12
36.61
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9.93
6,77

13.62

11.81

15.57

10,94

4487
11,68
8.3
11.52
21.10
12,58

8.27

2.0,

4.98
3448
8,12

1.93

5.52
9.26
2.88

194
8.18
5.9
6410
9.19
3.77
2,98

0e35
1.39
0.7
0.82
1.02
0.46
0.35

0,11
0.06
0,14
015
0.75
0.55

0.05

0,12
0.25
0.06
041
0.13
0,07
0.08

2400

0.7
0,73
0.14
3.50
6,17
7.37
748
0.35
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0.89
N34
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4402
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0,38
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1.89
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0.95
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Bergent by weight
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1.0

Section 4

5.70
72N
0443
5.73
2,19
5.35
13.84
(]

26,62
19.75
2,63
15,61
5404
8.62
22,79
#,82

Segtion 5

482
277
7,62
7452
Sebd
R.80
039
0.66

20,95
20,16
16,41
18,76
13.28
21,90

Lo

35,51
27,05
17.25
28,18
10.65
10,88
23,49
13.09

34034
33.84
24,75
27,61
17,77
2444
23.42
21.97

2:0

20.50
16,60
43.87
22,68
19.22
13.94
20,66
24,70

22,23
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27.77
23,06
19.09
19.80
41.86
33.10
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6494
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24,64
12,10
24,94
16.39
7.39
19.13

7436
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10.35
10.37
12.42
10,00
18.68

15.58
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2.2
8.56
7.87
8492
28,16
26,66
4451
13.16
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.75
1.12
0,70
2,00
1.28
0.95
1.25

40

0415
0.31
0.3
014
0.83
0.39
017
0.39

2440

0,82
5.87
2445
4.00
4.68
Seb2
3.1
2,7

3.39
4436
3.88
4T
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6,12
1.54
2,57
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23.94
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32,75
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SEDIMNTARY PARAMETFRS OF WFLG' SANDSTONE

Legend: 8 Section numher

N Sample mmber

SP Stratigraphic position of sarple in feet above base of

Welge sandstone

Qm First quartile diameter

Hdﬂ’ Median diameter

QBﬂ Third quartile diameter

QD¢ Quartile deviation

Skqﬂ Skewness

Kq¢ Kurtosia

So Sorting coefficient
< L SP Qg May  Qpy  any Skay Koy Se

Saction 1
1 8 22% 1.03 1.52 2.02 0.50 0.01 0,25 1.42
1 7 18 1.07 1454 2.59 0,76 0.28 0,16 1.70
1 6 14 1.04 1.23 1.51 0424 0.05 0424 1.19
1 5 10 1.10 1.57 2,24 0.57 0.1C 0.26 1.45
1 4 g 1.1% 1455 2,00 042 0.03 0,22 134
1 3 5 1.40 1,65 2,01 0.31 0,06 0.22 1.25
1 2 4 1.03 1.8 2.37 0.67  ~0.14 0424 1.59
1 1 + 0,56 1.06 1.57 0,51 0,01 0.28 1443
Section 2

2 £ 22 1.01 1.38 1.82 0.41 0.04 0.25 1.33
2 7 20 0,90 1426 1.70 040 0.04 0.27 1.32



s N SP Qg Mdy Qg Wy Skay  Kay So
2 6 18 G.92 1,32 1.80 0Ou44 0,03 0.2  1.37
2 5 10 0,80 1,32 175 2.48  <0.04 0,32 1.40
2 4 7 1.05 1.54 2,08 0452 0.03 024 143
2 3 6 0.85 1.40 2,10 3,63 0,08 0.2 1.54
2 2 4 1.25 1.7 2440 0.58 0,09 0.23 1.50
2 1 + .1 Te45 1.72 2.31 -0,03 0,23 1424
Segtion 3
3 7 24 0.62 112 1.53 041 0.01 0426 1.33
3 20 0.93 1.45 1.95 0.51 -0.01 0,24 142
3 5 12 0,82 1433 1.75 T =044 D424 1.39
3 4 9 Ca94 1446 1.99 0,53 2,01 0424 1,45
3 3 6 1.40 1.76 2.15 0.38 0.02 0,27 1.3
3 2 3 0,80 1.27 1.80 D.50 0.03 0,29 1.42
3 1 1 0.72 1,22 1.66 0,47 =0,03 0.25 1.39
Sect ¥
4 8 24 0.86 1.23 1.61 0.38 0,01 0,27 1.31
4 7 19 0,88 1,34 2,02 0.57 0.1 0425 1.48
4 6 16 1.55 1.83 2,20 0.33 0.05 0.26 1.27
4 5 12 1.03 1.46 2.04 0,51 0,08 0425 1.42
4 4 7 1.70 2.30 2.67 0,49 =0.11 0426 1041
4 3 5 1.43 2,29 2,82 0.7 -0,16 0,27 1.63
4 2 1 2,70 1424 1.7 0.52 -0,02 0,25 1443
4 1 +  1.10 1.80 2,35 2,63 0,07 0.2 1.56



s N 5P q g uap Qsﬂ 0y Skq¢ Kq¢ So
Section 5
5 g 22 0.9  1.31 1.73 0.39 0,04 0,23 1.32
5 7 21 1,02 140 1.83 0.1 0,03 0.21 1.33
5 4 18 0.9 1,46 1.88 0.47 -0.05 0,23  1.39
5 5 15 0,92 1,40 1.90  0.49 0.01 0.2 1.41
5 4 1 116 1.83 2,89 0,87 0,19 0,13 1.83
& 3 7 0.85  1.37 1,98 0,57 0,05 0,25  1.48
5 2 3 1.46 0 170 2,120 0.33 0 0,09 0,24 1.27
5 1 1 1,28 1,65 2,12 042 0,05 0.24 1,34
Section 6
[ 7 25 1,07 1.59 2,02 0.48  -0.04 0,26 140
6 6 21 0.82 134 .82 047 0.01 0.2% 1,39
6 5 18 1460 179 2,280 041 0,08 0,26 1,33
3 4 15 1.80 2,26 2.67 0.4 -0.02 0,31 1.37
¢ 3 1 188 2,59 3.4 0.63  -0.08 0.25  1.56
6 2 8 2.55 2,95  3.35  0.40 ] 0.19 1.3
6 1 3 1.27 2,10 3,23 0,98 0,15 0.23 1,98
Section 7
7 7 16 1.07 1,51 2,38 0.66  0.22 0,2 1.59
7 6 13 122 1,6 199 0.39 0 0.25 1.32
7 5 12F 124 1,65 2,20 DB 0,07 026 1.40
7 L 1 1,09 1.42 1.86 0,39 0,06 0.23 1.3
7 3 10 13 145 1093 040 D.09 0 0.2 1.32
7 2 55 0.94 tu4 1.93 0,50 ] 0,24 1,42
7 1 4 0,92 140 1.85 0.47  -0.01 0,24 1.39
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s N b Qg Hdy Qg Dy Skag  Kqg So
Section 8
8 8 15 0.81 1,34 1.89 054 0.01 0,25 1446
8 7 12 0,97 148 .96 G50 =0,01 0,25 1.2
2 [3 9F 1,05 1.52 2,14 9,55 0,08 0.1 1.47
8 5 7F 104 1460 1,94 045 0,03 0.1 1,38
8 4 5% 1,05 1.7 2.18 .57 «0,09 0,28 1.48
e 3 15 1.68 2,29  0.57 0,04 0,27 1,48
& 2 2 1,39 1.8t 2,34 048 D06 0,25 1,40
g 1 E R P2 B T B | 0.5  0.05 0,20 1.38
Section
9 8 15 114 150 1,90 0,38 0,02 0,23 1.3
9 7 12 1.42 1,77 2,27 0.3 0,08 9,26 1.36
9 6 10 0,78 1,15 1,80 0,51 D.14L 0,26 142
9 5 8 1043 1.86 2,40 0.9 0,06 0.25 1.4
9 4 6 1.20 1.60 204 0.42 0,02 022 1.34
9 3 0.9 1,59 2,27 066 0,00 0.28  1.59
9 2 3 1,25 157 2,08 042 0,10 0,22 134
9 1 1% 02,93 1,36 1,99 0,53 0,10 0,26 1.45
Section 10
10 7 12 1,66 1.99 2,63 0,49 0.6 021 1.4
10 6 10 2,55 2,81 3,06 0.2, [+] 0,17 1.21
10 5 7 1,60 1,90 2,35 938 0,08 0,35 131
10 4 5F 1,55 1.83 2,40 0443 0.5 0.27  1.36
10 3 3 1.85 2,19 2,54 N353 0.01 0,23 1,78
1 2 1% 0.2 N5 1,79 0.8, 0,21 0,28 1,80
19 1 4 0,10 0,80 1,72 081 0N 0.26 1,75
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MPASURFD SFCTIONS

The following stratigraphic sections of Welpe sandstone were
measured and descrited at the tem localities in the Central Mineral re-
gicu of Texas that are discussed in this paper. The location of each
section is shown in Figure 1, The names for each section were determined

with the assistance of V. F. Barnes (1960, perscnal communication).

SECTION 1 -~ MASON SFCTION
Section 1 is located within the city limitc of Mason, Mason
County, Texus. The section starts on Garfield Street 3.1 mile north of
the intersection of Garfield and ¥1 Paso streets, in the southvestern
part of Mascn,
Thickness
in feet
Wilberns formation:
Welge sandstone member:
Sandptone; brown-yellow, weathering to yellow~
brown, maseive, medium-grained, rounded, friable
QuATtz SandBLONe 4 « « v 4 4t 4 s e 4 b e e e s 1
Sapdstone; vellow-broun, weathering to brown-
red, rassive, medium-grained, rounded,
friable, quartz 8andstone, « + « v « o + 2 » o v 8 . 6.5
Sandstone; brown-yellow, weathering to yellow—
brown, massive, nmedium-prained, rounded,
friatle, quartz sandstone. « o v o s v o o 0 o 4 o4 10
Sandstone; vellow-brown, weathering to red-

brown, massive, fine- to nmediur-grained,



tc west
County,

purt of

n
Thickness
in feet
rounded, slightly friable, juartz sand-
stone, Secondary guarts faces present
On gome grains . ¢ « v 4 . b ks e e s s e e e e 1
Sandstone; tuff, weathering to brown-
yellow, magsive, medium~ to coarse-;rained,
rounded, friahle, juartsz sandstone.
Secondary quartz faces present on scme

Bralis o o v o v v b e s a e e e s s e s e s e e e 4

Total thickness of Welge meesured. . + o « « o 22,5

SFCTICN 2 - SCUAW CRFFK OFCTION

Yecticn ? ias located slong Squaw Creek where it flows from eest

.25 rile north cf the Mason-Gillespie County line, in Mason
Texas, The section oi' Welre asndstone described and sarpled is &

the bluff along the north side of Squaw Creek.

Wilnerns forrations

Welge sandstone merber:

Sandstong; yellew-brown, westhering tc red-

brown, massive, medium-;rained, rcunded,

friatle, quartz sandstone, . « v o ¢ 4 o v b+ v ... 8
Sandstone; olive-yellow, weszthering to

yellow=browm, raseive, redium-grained,

rounded, slightly friable, very slightly

calesreous, cuartz sandstone, Secondary

quartz faces present on gore grainsd. « « + 4 < . .. 14



Thickness
in feet

Tctal thickness of l‘elge measured « « . o . . , o 22

SFCTION 3 - STRWFTFR SFCTION

Section 3 is located 7,75 miles west of the Fost Office at
Strecter, Mason County, Texas along U.S, Highway 377, The section starts
In the bed of un intermitient stream 0,25 mile south of U,%. Highway 377.
Wilverns formation:

Welgs sandstone merber:

Sandstone: vellow-trown, weathering to red-

brown, Tassive, mediumerrained, rounded,

friable, quarts sandstone®, . + « o « « 4 4 . 4 . . . g

Sandstone; browneyellow, weathering to yellow-

browvn, massive, rediumerained, rounded,

friable, quartz sandstone. Secondary quarts

faces are present on some graing . . . . . . . ... 15

Total thickness of Welge messured . o o o o « o o 24

SECTIOK 4 — BROOK-KATFMCY RANGH SFOTIOW
Section 4 13 a corpesite secticn, The basal 16 feet of the ses-
tion is located cn the bank of an intermi‘tent stresr scuth of the ceme-
tery at Carp Sen Sabr, McCulloch County, Texas. The upper eight feet of

ske <ectlon is located 2,7 wiles scuth of Camp San Saba, 0,3 rd

east

of U.S. Highvay 377 on the Xatemcy ranch road.
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Thickness
Wilverns formation: in feet
Uelpe sandstone merber:
Sandstone; huff, weatbering to yellow-brown,
rassive, medjum-prained, rounded, friable,
quartz ssndstone. OSeccndary quartz faces are
prerent on sone yraing . . . . . 0 d b e e b 005w 8

Sandstone; hbrown-red, weathering to rede

brown, nassive, medium-grained, rounded,

friable, quartz sandstone. .« + + « « o o v ¢ o - . W 9
Sangstong; brown-yellow, weathering to

yellow=brown, massive, fine-pgrained, rounded,

friable, quarte sandstone. o« o v o 4 4 e . 0w ...

\n

Sandstone; brown-yellow, weathering to
yellow-brown, faintly cross-hedded, medium-
grained, rounded, siightly friable, sparing-

ly glauccnitic, quarts sandstone . « « o « « o 4 o & 2

Total thickness of Welpe measured « . . « . . o 24

SFCTICN 5 ~ UPSTRFAM JAMR RIVFR SECTION
Seetlen 5 1e located along the James River 7,2 miles esst of s
private qirfield in southwestern Mason County, Texes, 15.8 airline riles
scuthwest of Mason, Mazon County, Texas. The section begins on the east
sice of the river about halfwway up a aearly vertical bluff formed by
the Welge znd underlying and overlying rocks.
¥Wilherns formation:

Welre sendstone member:



9%

Thickness
in feet
Sandstone; rreen-yellow, weatheriny to
freen-brown, rasaive, nedium-grained,
roundeG, sparingly glauconitic, slightly
calcareous, friable, quarty sandstone. . . . . . « . 2

Sandstone: brown-yellow, weathering 4o

red-brown, rassive, medium-grained, rounded,

slightly calearecus, quartz sandstone. . « « « « . o 2.5
Sandstone; yellow-brown, weathering to

brewn-red, massive, redium-grained, rounded,

resistant, quartz sendstone. .+ « v 4 « . 4. . . .. 17.5

Total thickness of Welpe measured . . . . . . . 22,0

SFCTION € - LITTL® LLANC RIVFR "FCTION

Section 6 is located at Cedar Point, 4,25 miles southeast of
Chercites, San Saba County, Texas. The section begins at the lase of a
bluff corposed of Welge sandntone and capped by basal rcrgan Creek lime—
stone,
Wilberns fermntion:

Welge sandstone werbers

Sandstone; yellow-brown, wealnering to red-

brown, rassive, medium-;rained, rounded,

{riable, quarte 9endston@e « o v o 2 o o « 3 o o a . I

Sgndstone; trowneyellow, weatherins to

yellow=brown, raszive, rediur-grained,

rounded, friable, quartz sandstone « . « « o « o o » 3
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Thickness
in feet
Sandstone; buff, wenthering to brown-
yellow, massive, fine-rrained, rounded,
frisble, muartz sandstons. « « . « . . 4 . 4 s .. 16
Sendstone; ireen-yellow, weathering to
freen~brown, wassive, coarse-grained,

rounded, sparingly glauconitic, friable,

quartz sandstone « v . . v u s v ks e e e e e .. 2

Total thickness of Welpfe measured . v « » o o o 25

SFCIION 7 = FAST CANYON CECTION

Gection 7 is locaved in the Riley Mountains on the west aide
of the ranch road to Click, 4.2 riles <outhwest of the intersection of
the Click road and State Highway 77, Llano County, Texas, Ths section
starts near the tor of an unnamed ridge imrediately scuth of Moore
Hollow,
Wilterns formation:

Welge surdstone merber:

Sandstone; yellow-brown, weathering to brown,

massive, mediun-rrained, slightly calesreous,

slightly fristle, quartz sandetone o o v o o o o 2 o+ 2.5

Sandstone; prean-white, weathering to green-

brown, messive, vedium-grained, rounded,

sparingly glauccnitie, calcarecus, quartz

fandstones ¢« . 4 v v e 4. e 4w e e e e e e s e 1.5

Sandstone; oiive-brown, westhering to light

brewn, rassive, medium-grained, roundeg,



96

Thickness
in feet
aparingly glauconitie, slichtly friable, guarts
CANABLONG. o 4 v o o e s 4 b 4w e e m e e 6.5
Sandstone; olive-white, weathering o yellow-
brown, massive, medium-rrained, rounded,
slightly caleurscus, sliphtly friable,
quartz sendatone « . o v ¢ 4 v 4 b e e s e . e s e 1.5

Total thickness of Welge reasured . . » . . . « 12,0
The Lion Hountain-Welpre contact is covered at this section, The
contucl was pleked at an abrupt change in siope. The Tirst exporure of
Welpe is four feet stratigraphically above the estimeted contact. There-
fore, the thickness of this section includes 12 feel of reasured seeticn

and an estireted four feet of covered section.

SECTION & - MUKGAN CRFFK “FCTION

Section £ is located near the routh of the South Ferk of
¥organ Creek, on th~ eastern side of Lake Buchanan, Burnet County, Texas,
The section starts in a bluff along the ncrth side of the road 0.5 mile
from the ford across the Scuth Ferk of Morgan Creek.
Wilkterns forration:

Welre sandstone merbers

Sandstone; green-white, wearhering to lirbt

brown, massive, fussilifercus, rediur—

+reined, rounded, sparingly glauconitie,

caleareous, quartz sandstone « + « » o s o 2 4 o . . 5

Sandstong; ~urple-green, westhering to creen-

brown, nassive, rediur-grained, rounded,

pglauceritic, guartz sandstones + « « 4 4+ & o o . 4 . 3
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Thickness
in feet
Sandstong; rreen-white, weathering to light
brown, massive, fosailifercus, rediur-
grained, rounded, sparingly glauconitic,
ealeareous, quarts 9andstone . . . . . . . . . . . . 4
Sgndstone; purple-green, weathering to
sreen~brown, massive, medium-grained,
rounded, glauconitie, quartz sandstone . . . . . . . 1.5
Sandstone; green-white, weathering to 1lipht
olive~brown, massive, fossiliferous, mediur-
greined, rounded, sparingly glauconitie,
caleareous, quartz sandstone, Trilobite casts
are common in the lower bed. Barnes (1956)
identified thess as belonging to the Flvinja

FAUDA. + v i e e e e e e e e e e . 1.5

Total thickness of Welge reasured . . . . . . . 15.0

SFCTION G — SILVFR-BFAVTR GRFFX SFCTION

Section 9 is located near the function between Silver Creek

and Beaver Creek on the eastern side of Lake Buchanan, Burmet County,

Texas. The section starts in a road-cut on the esst side cof the road,

2.2 riie east and 0.1 rile scuth of the Juncticn betwsen Siiver Creek

ané Beuaver Creek.

Wilberns forrations

Welge sandstone merber:

stone; olive-white, weathering to olive-
H

trown, mes-ive, fossiliferous, redium-prained



rounded, sparingly glauconitie, ealcareous,
quarts SAndstone® o o v & 4 . b 4 os e s .. . .
Sandstone; olive-yellow, weatheriny to
yellow-brown, rassive, redium-grained,
rounded, slightly calearsous, friable,

quartz sandstons . 4 ¢« . . s o 6w e s e . .
Sandstone; olive-white, weathering to olive-
brown, massive, slightly fossiliferous,
medium~grained, rounded, sparingly glau-
conitic, calearenus, quartz sandstone. . . . .
Sandstone; green, weathering to yellow-
brown, massive, medium~srained, rounded,
glauconitic, quartz sands*one, . . . . . . . .
Sandstope; olive-white, weathering to olive-
brown, massive, fossiliferous, medium-grained,
rounded, sparingly plauconitic, calearecus,
quartz sandston® « . .« v 4 4 4 v s e 0. s .
A 5 freen, weathering to yellow-brown,
wassive, medium-rrained, rounded, plsuconitic,
quartz Bandoton® . ¢ . v 4 4 e 4 4. v e a . .
Sandstone; olive-white, weathering to olive-
browm, rassive, fossiliferous, mediumegrained,
rounded, sparingly glauconitic, calcareous,

quATEZ sandstone . . w . b v e h v v e s e s

Total thickness of Welge meacured . . . .

98

Thickness
in feet

6.5

1.5

17.0



SFCTION 10 - KLFTT-MALKFR SFCTIOH
Sectlon 10 is located atout five oirline miles west-northwest
of Johnson City, Blanco County, Texas, on the Pedernales River, The
section starts at the base of & swall bluff on the east side of the
river,
Thicknesas
in feet
Wilberne formation:
Jelpe sandstone member:
Sandstone: pals yellowsbrown, westhering to
dsrk yellow-brown, massive, rediume to
fine-yrained, rcunded, =iightly calcareous,
well-cerented, quarts sandstone. . « - « -« + s o « o 1
Sandstone; yellow-brown, weatheriny to dark
yellow-brown, cross-bedded, fine- ;rained,
rounded, wvell-cemented, guartz sandstene,
Some of the grains have cecondary Taces. « « « + « o 3
Sandstone; yellow-brecwn, weathering tc brown,
cross-bedded, medium- to fine-grained, rcunded,
alightly calearecus, quartz sandstone. , . . . . . . 3
Sandstone; brown-green, weathering to brewn,
cress—bedded, fine—prained, rounded, glau~
conitie, siiphtly calearecus, quartz sandstone . . . 3
Sandstone; green-hroum, wentherine to brown,
rassive, coarse-prained, rounded, plauconitie,
slightly calonreous, well-cerented, quartz

BENdBLONE. 4 & ¢« 4 4 4 v et e s e s ey e e 2

Total thickness of Welpe reasured . . - o . . . 12
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