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ABSTRACT

The Upper James River erea is located in scuthwestern Mason
County, Texas, on the scuthwest flank of the Llano uplift.

In this area, rocks of Paleosols, Mesopoio, and Cenosole age
are found. The lithologic units that are exposed over most of the theeis
ares balong to the Riley and Wilberns formations of Late Cambrian age and
the Fllenburger group of Early Ordovician age. The Riley formation is
divided into three members. These ars, in ascending order, the Hickory
sandstone, the Cap Mountain limestons, and the Lion Mountain sandstone.
The Hickory dst is not

posed in the thesis area, The Wilberns
formation disconformably overlies the Riley formation and is divided into
four members. These members are, in ascending order, the Welge sandstonse,
the Morgan Creek limestons, the Folnt Peak shale, and the San Saba lime-
stone. The zons of large, stromatolitic bloherms, which is found at the
top of the Point Peak shale, has been mapped as a separate unit because
of the value of this zone as & stratigraphic marker.

The Fllenburger group of Ordovician age conformably overlies the
San Saba limestone member of the Wilbsrns formation of Cambrian sge. The
Ellenturger group is divided, from bottem te top, into the Tanyard, Gor-
man, and Honsycut formations, In the thesis area, no attempt vas made
to differentiate bet these f i 3 s the dolomite and

1imestone fackés of the Ellenburger group were mapped separately.

Outerops of Cretaceous silt, sand, and limestone sediments are
found in the southern portion of the thesis area, and Cretaceous 811t and
sand deposits are found in the extreme western portion of the area.
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Cenosoic deposits (alluvium end caliche conglomerate) are found at varicus
lcoalities along the banks of the James River.

The Paleosoio rocks of the Upper James River area strike approxi-
mately ¥ 40° ¥ and aip 4° SE. Three major, high angle, normal faults
that strike northeast disrupt these strata in the thesis ares, The throw
of the msjor faults and the regional strike and dip of the strata exert

a strong influence over the outcrop patterns of the rocks of the area.
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GEOLOGY OF THE UPPER JAMES RIVER ARFA
MASON COUNTY, TEXAS

IXTRODUCTION

FURPOSE OF INVESTIGATION
The objectives of this research study are to determine the Early
Paleosoic geologic history, stratigraphic relationships and structural
features of the Upper James Rivar ares in Mason County, Texas. It is
hoped that this work will explain the geology of the area, and vill, in
some small part, add to the ¥nowlsdge of the geology of the ‘ccntul Mineral

Region of Texas.

LOCATION

The Upper Jemes River area is located on the scuthwest flank of
the Llano uplift in southwestern Mason County, Texas, The southern bounds-
ry of the srea is formed by the southern boundery of Mason Gounty, vhich
18 about 30°30! Horth latitude, The northern boundary is spproximately
30°24'20" Morth latitude and consists of an eastewest line vhich inter-
sects the James River Road at the first (morthern-most) lowewater crossing
of the road and the James River. The western boundary is formed by a
northe=south line which is approximately 99°2245" West longitude. The
eastern boundary 1s formed by a northesouth line which is approximately
99%19" Wast longitude. The ares extends for 5.2 miles in a north-south

direction end 3.9 miles in an east-west direction.
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Reproduced from Texas Stete Highway Department Map
of Mason Otunty, Texas, revised to Jamuery 1, 1958.

LOCATION MAP OF THE UPPRR JAMES RIVER ARER
MASON OOUNTT, TEXAS




AGCESSIBILITY

The Upper Jemes River area may be reached by several unpaved,
graded, county reads. In addition to the country roads in the area,
there are several winding trails, which are passable for jeepa and plekup
trucks, In general, the road network of the area is rather sparse, and
moet of the area oan only be reached by foot or by horseback.

The James River Road furnishes access to the area from both the
north and the south. The road fords the James River at two locations in
the extreme northeastern portion of the thesis area and crosses the
Llano River over a low-water crossing still farther to the north. These
crossinge make the James River Road impassable during the times that
either of these rivers are in flood stage.

The south and southwestern portions of the area may be reached
via the Hey Ranch road which intersects Farm Road 783 at Hilda Church.

Access to the west-central portion of the area may be gelined by
. way of the Cedar Springs Rench road, which intersects Farm Road 1871
approximately 3.8 miles southwest of White's Crossing on the Llano River.
White's Crowsing is a low-water orossing, and this road is closed when
the Llanc River is in flood stage.

METHODS OF FIELD WORK
The field work, from which the basic data of this thesis was de-
rived, was done during January, February, and March of 1959. The mapping
was acoomplished by walking the outcrops and plotting the contacts of the
varicus lithologic units on acetate covered, vertiocsl, aerial photographs.
This information was later transferred to a base maep of the thesis area

and vas used to prepare Plate I, the geologlc map of the area. The base



map vas made by traoing the physical and cultural features of the area
from the various aerial photographs onto a large piece of acstate.

The aeriel photographs used were United States Department of
Agriculturs aerial photographs, series DFZ -~ 2 P, numbers 69, 70, 71, 78,
79, 80, and 81, dated Novembar 29, 1955, These photographs are the
property of the Geology Department of the Agricultursl and Meshanical
College of Texas.

A Brunton compass was used to obtain strike and dip readings,
and a Jacob's staff was used in oconjunction with a Brunton compass to
determine the thickness of the various measured sections,

EREVIOUS INVESTIGATIOND

In 1846 Dr. Ferdinand Roemer wrote the first description of the
geology of the Central Mineral Region., His observations were made while
travelling with an exploring party of German settlers who were seeking a
site to coloniss. Roemer alsc wrote the first report on the stratigraphy
and paleontology of the Palsosolc rocks in Central Texms in 1849, Thia
report by Roemar contained the first geclogic map of Texas.

In 1855 and 1856 G. O. Shumard (1886) accompanied a party of
the Army Engineer Corps on an exploratory expsdition through parts of
“l‘ms and New Mexioo. The route of this expedition led through parts of
the San Saba River valley, through Fort Mason, and on to Frederisksburg.
8humard described the geology he observed along the route.

B. P. Shumard (1861) commented on Roemer's work and was the
first t.o describe the stratigraphy and paleontology of the Potsdam group
(Upper Cambrian) in Texas.



8. B. Buckley (1874) assigned the granites of the Central Mineral
Region to an Asoic age. He reached the conclusion that thess granites are
younger than the phlc rocks iated with them,

In 1884 C. D. Walcoti determined that the Potsdan group was of
late Cambrian age. He also studied the metamorphic rocks of the Central
Mineral Region.

R. 7. B111 (1887) reviewed previous geologic studies made in
Texas and later (1889) named the rocks in the Marble Falls area and core
rectly assigned them a Carboniferous age.

In 1889 a geological survey of the Llano region was carried ou$
under the direction of ¥. B. Comstock {189C) for the Geological and
Mineralogiosl Survey of Texas. Comstock discussed the geology and mineral
resources of the Llanc region and introduced the terms Hickory series,
Riley series, San Saba series, Packsaddle schist, and Valley Springs
guelss,

R. S, Tarr (1890) disocussed the geomorphology of the Central
Mineral Region, He determined that much of the p drainage p

originated in Tertiery time and has been superimpoeed on the rocks which
orop out at the present time, . ‘
Sidney Paige (1911) named and described the Wilberns formation,

Cap Mountain limestons, and Ellend group. He redefined the Pack- '

saddle schist and the Valley Springs gneiss and aasigned them to the
Algonkian syatem, He mlso described the Precambrian history and the mineral
resources of the Llano Region. Paige (1912) was the author of a compre-
hensive geclogic felio of the llanoc and Burnet quadrangles which was pube
1ished by the United States Osological Survey.



In 1916 the Texas Bureau of Economic Gsology published a geoc-
logic map of Texas vhich wvas the most acourate geologic map of the state
up to that time,

Sellards, Adkins, and Plusmer (1932) reviewed and discussed the
Precanbrian, Paleoscic, and Masosolc stratigraphy and the paleo-gesography
of the Llano area.

Sellards and Baker (1934) discussed Palecsoic deformation and
struotural relationships in the Llano region.

The Paleosoio fossils originally desoribed by Roemer (1852) wers
redescribed by Bridge and Girty (1937). The stratigraphic sones in which
these fossils ocour were described in great detail in this paper.

Barnes and Parkinson (1939) wrote a paper which discussed the
origin and distribution of the ventifacts which cocur in the bass of the
Hickory sandstons., These authors conoluded that an arid climate and
asolian erosion prevailed in many places during early Hickory time.

In 1940 Plummer briefly discussed the regional and local struo-
ture of the Central Mineral Region.

A report on the Ellenburger rocks was writtem in 1945, by
Cloud, Barnes, and Bridge, These suthors elevated the Ellenburger forma-
tion to group status, defined the bhoundaries of the group, and restrioted
it to rooks of Ordovician age. They also divided the group, from bottom
to top, inte the Tanyard, Go , and Honeyout ons,

Bridge, Barnes, and Cloud (1947) redefined and described the
menmbers of the Riley and Wilberns £ 4 in the Central Minaral Region.

The stratigraphic relationships and ry envi of the dif-

forent members wers alsc discussed.



Cloud and Barnes (1948) di d the regional lation of

the Ellenburger group, the gensais of the lithologic constitusnts, the
paleontologic featurss, and desoribed many measursd sections,

The Pennsylvanian and Mississippian rocks in the Llanc region
vers disoussed in a detailed report by Plumer in 1950. Dsscriptions of
measured seotions and detailed geologic maps acoompanied discussions of
stratigraphy and paleontology in this report.

The San Angelo Geological Society's Quidebook (1954) for a Came
brian field trip in the Llano area contains a description by Barnmes and
Bell of the units comprising the Upper Cambrian strata. Seversl measured
sections are included in this paper.

The northern portion of the Upper Jawes River area overlaps part
of an area mapped by Dannemiller (1957), and the western boundary of the

Upper James River area slightly overlaps the b dary of an ares
mapped by Harwood (1959). The writer is in general sgresment with these
authors regarding the structursl f and the outerop patt of the

overlapped areas.



PHYSIOOGRAPHY

CLDATE
Mason County is considered to have a sub-humid climate with e
mean annual rainfall of about 22 inches. Most of the rainfall usually
ocours in the winter and spring. The mean annual temperaturs is 64.5°!'.
The winters are rather mild, with below freesing temperaturss ocourring
only for shert periods of time, The summers are hot and dry with the
touperature often exceeding 100°F,

YEGETATION

The vegstation of the Upper James River area is typical of
western regions with poor soila. The trees oconsist of mesquite, sorub
oak, post cak, cedar, and scme willow along the vater sourses, Various
grasses are common, and shrubs and cacti such as prickly pear, turkey
pear (tasajillo), catsclaw, and yucoe are abundant,

The topography and lithology of the surface roocks greatly af-’
fact the type and amount of vegetative cover. The affect the lithology
of the various members exerts on the vegetative cover was a definite aid
in the mapping of the area. The vegetation found on outorops of the Cap
Mountain limestone is commonly sparse, with catsolaw, prickly pear, and
Spanish dagger predominating. A few mesquite and scrub oak tress odewr
loeally.

The cutoreps of the Lion Mountain sandstone support various
grasses, sorub osks and mesquite trees. Where the soil 1s well developed
on the member, the grasses are abundant, In some looalities, soils derived
from the Lion Mountain member are cultivated.



The vegetation growing on the Welge sandstone is composed of
turkey pear (tasajillo or jumping cactus), scrub ok, mesquite, Mexican
persimmon, and varlous grasses. The outcrops of the Welge member can
often be located by the abundance of turkey pear, which forms an impene-
trable wall of spines over large portions of the outcrop.

The growth of vegetation on the Morgan Creek limestone is, in
many places, distinotive due to a sparsely vegetated character rather
than to the abundant growth of any particular plant. Scrub osk, prickly
pear, Spanish dagger, meqquite, /and some grass are found locally.

The area of outuow; of the Roint Peak shale is covered mainly
by mesquite trees, yucos, nnh Bp.nis.h dagger, FPrickly pear and catsolaw
are also present, Abundant growphs of mesquite trees often indicate a
8011 derived from the weathering of the Point Feak shale.

The outorops of the San Saba limestone normally show distinetive
patterns on aerial photographs, The plants seem to be arranged in linear
aligmments which follow tha cont s of the surfas The veg ion oon-

sists of sorub oak, mesquite, Mexicar persimmon, Spanish dagger, prickly
pear, and various grasses,

The vegetation found on outorops of the Ell pE

also shows a distinctive pattern on aerial photograph The vegetati

appears to be evenly distributed but is without a discernable orientation
and thus csn be readily differentiated from the vegetation growing on the
San Saba 1 The vegetation consists primarily of scrub oak,

meaquite and cedar.
Commonly, faults can be lpcated in the area by noting linear
patterns of vegetation on aerisl phot: h These 14 1 of
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Bvid of a pre-lret pensplanation of the region s
found in the southern portion of the Upper James River area vhers the
Point Peak shala crops out at approximately the same elewvation as the
Ellenburger limestone. In other portions of the arsa, rocks of warying
resistances to weathering orop out on an erosional surface of low relief.
The complete absence of fault line scarps in an area which has bdeen high-
1y faulted and has adjacent beds of rock having different resistances to
srosion also suggests a period of peneplanation, As the cover of Cretace-
out sediments have been removed for a short period of geologic time, the

donal and hering p. have not bad sufficient time to produce

topographic features influenced by the structure and lithology of the
Paleoscio rocks.

In the thesls area, the main drainage feature is the James River,
The river flows toward the northeast and eventually empties into the Llamo
River. The area is a part of the Colorado River watershed, as is the
entire Central Mineral Region,

Salt Creek, which flows most of the year, is the only major
tributary of the James River in the thesis area., The coreek ia located
in the northeastern portion of the area and flows toward the north.
It joins the James River within the thesis ares, Both the Jemes River
and 8alt Creek wvere formed as consequent streams oh the old post-Cretacecus
surface. Uplift during Tertiary time rejuvenated the streams and caused
their meander pattern to be superimposed on the Paleosolc surface with
1ittle regard for the struoturs or lithologic character of the outerops,
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STRATIGRAPHY

GENNRAL STATEMENT
The rocks exposed in the Upper James River area of southern
Macon County oonsist of limestones, dolowites, shales, siltatones, and
sandstones that range in age from Cambrian to Recent. The Palecsoic era
1a represented by the Wilberns and Riley formations of Gambrian age, and
the Xllenburger group of Ordovician age. The Cap Mountain limestone
member of the Riley formation 1s the oldest rook unit sxposed in the
Upper James River srea. The Paleosoic sediments are overlain by sediments
of Cretacecus age,
The geologic column of the ares is as follows:
CENOZOIC ERA
Quaternary
Recent alluvium
* MFSOZOIC FRA
Cretacecus System
Commanche Series
PALROZOIC ERA
Ordovician System
lower Ordovician
Ellenburger group
Canbrian Systes
Upper Cembrian
Wilberns formation
San Saba limestons member

Point Peak shale member
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Morgan Creek limestons member
Velge sandstone mamber
Riley formation
j lion Mountain sandstone member
) Cap Mountain limestons member
‘ Hickory sandstone member (not exposed)

i BALEOZOIC FRA

CAMBRIAN SYSTEM

4 major portion of the Upper James River area is underlain by
vocks of Late Cambrian age. Bridge, Barnes, and Cloud (1947) divided
the late Cambrian strata of the Llano uplift into ths Wilbarns and Riley
formations with four and three members, reapedtively. Rooks of Rarly and
Middle Cambrian age do not occur in the Central Mineral Region. The
Upper Cambrian rocks rest unconformably on Precambrian metemorphic and
intrusive rooks,

Biley Formation
The term, "Riley Series," vas first used by Comstook (1890) to
deaignate part of the strata that comprise the present Riley formation.
Cloud, Barnes, and Bridge (1945) redefined the unit sz a formation contain-
ing a1l the Ceabrian strets in Central Texas below the Wilberns formation.
It consists, from top to bottom, of the Liop M ber,

Cap Mountain limestone member, and the Hickory sandstone member,
The Riley formation was nemed for exposures in the Riley Moun-
tains of southeastern Llano County where it is 780 feet thick. Due to
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the irregularity of the Precexbrian surface on which the Riley formatiom
was deposited, the thickness of the formation varies from 200 to 780 feet
thick. The average thicimess of the formation is 680 feet, (Bridge,
Barnes, and Cloud, 1947, p. 110).

The Hickory sandstone mewber and the lower portion of the Cap
Mountain limestone member do not crop out in the thesis area. Therefors,
the thickness of the Riley formation in the Upper James River area could
not be determinsd.

Cap Mountain Limestone Mamber

Refinition and Ihicknsss: The term Cap Mountain limestone was
first used by Paige (1912) as a formation neme. Cloud, Barnes, and Bridge
(1945, p. 154) redefined the Cap Mountein limestone as a member of the
Biley formation.

Acoording to Bridge, Barnes, and Oloud (1947, p. 113) the Cep
Mountain limestone member ranges from 135 to 455 feet thick and is oon-
sidered to have an average thickness of 280 feet. Only the upper part of
the Cap Mountain member crops cut in the thesis area. This part messured
7T fest in thickness.

Idthology: The portion of the Cap Mountain member vhich ean be
observed in the thesis area consists of a white to gray, fine-grained,
fossiliferous, glauconitio, dense, limestone. A few of the beds contain
small of teriel. Some rust to yellow-colored stains

are present on weathered surfaces, probably dus to the weathering of the
glauoonite. Beds of trilobite shell fragments, vhich are often referred
to as "trilobite hash®, are found in the msmber. The beds range from a
fow inches to & foot or more in thickness.
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Diatributiopt The Cap Mountain 1imestone orops out in the bed
of the James River in the northeastern pertion of the thesis area.
Enviropment of Depoedidont The Cap n linest: PP
%o have been deposited in a warm ehallow sea of normal salinity, The

pressnce of the glauconite indicates that reducing conditions prevailed
for much of the time and that the sea bottom was subjected to very 1ittle
turbulent action. The presenae of the "trilobite hash® beds, on the other
hand, indicates that the ses was quite turbulent, It sesms probable that
the quiet pericds in the sea were interrupted by short periods of extreme
turbulence, which broke and transported the trilobite remains that are pre-
served in the "hash® beds. The glauconite indicates redusing conditions;
therefors, the trilobite remains may have been brought into the area during
the periods of extrame turbulence, or the reduoing oonditions may have oo-
surred only beneath the water-sediment interface.

8tratigraphic Relationshipss The Osp Mountain limestons member
of the Riley formation overlies the Hickory sandstone mexber, The oone
tact is not exposed in the thesis area, but elsevhere is reported to be
gradational, In parts of the Llano region, the Cap Mountain member grades
into the overlying Lion Mountain member of the Riley formationm.

Speqial Teaturest A phenonenon called “wagon tracks® (Blank,
19%8) 1s found whers the Cap Mountain limestone crops out in the bed of
the James Riwer in the northeastern portion of the thesis area. The
"vagon tracks" consist of a series of shallow grooves in the roeks form-
ing the river bed. The grooves are sub~parellel and trend in the directics
of stresm flow. Their origin seems to be scmewhat similar to that of the
potholes, which are found in conjunction with them, Both the grooves nnd
the potholes were formed by abrasion.
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Lion Mountain Sandstons Member
Definiticn and Thickness:. The Lion Nountain sandstone member
was first defined by Bridge (1937) who designated it as the top member
of the Cap Mountain formation. The original definitioh has changed only
in that the Lion Mountal dst is regarded as the upp t member

of the Riley formation, instead of the top member of the Cap Hountain
formation,
Acoording to Bridge, Barnes, and Cloud (1947),

*The name applies to a sone of highly glauconitic

sandstons, ocontaining in the lower part tangentisl

lenses of limestons that are ezsentially composed of

trilobites, as well as some rather continuous highly

glauconitic limestona beds ocontaining phosphatic

brachiopods,®

The Lion Mountain sandstone is nemed for exposures at Lion Moun-
tain in Burnet County. At the type section, the member is 20 feet thick,
The member attains a maximum thickness of 50 fest in some parts of the
Llano region. In the Upper James River area, the Lion Mountain sandstons
hae a thickness of 31 feet.

mnl The Lion Mountain member of the Riley formation is
sssentially a highly glauconitic, fine- tc medium-grained, cross-bedded,
quarts sandstone, _m member contains thin beds and lenses of arenacsous
limestons and "trilobite hash'. A fewv layers of sandy shale ars found
near the base of the member. The sandy shale, and the lenses of “trilo-
bite hash" ocour in minor smwounts in the upper portion of the member.

In the thesis area, the maximum sise of the “trilobite hash"
lenses is 4 feet in length and 5 inches in thickness. Nost of the lenses
are approximately cne foot long and 1 to 1 1/2 inches thick., They de-

orease in pise and abundance toward the top of the membar. These lenses
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of trilobite remains are commonly sub-parallel to the obligue layers of
the oross-bedded glauscnitic sands,

The weathersd surfaces of the Lion Nountain cutorops have a
distinot reddish oolor dus to the vesthering of the glauconite, Weather-
ing of the glauconite slso produces hematite nodules. The black, shiny
hematite nodules are characteristic of the member and are commonly socat~
tered on the weathered slopes of the Lion Mountain sandstone.

Fresh exposures of the menber display a vivid green color that
is due to the large quantities of glauconits ined in the

The extensive cross-bedding, which is characteristic of the Lion Mountain
sandstons, is also very apparent on fresh exposures of the member (see
Plate II).
A rather unique phenomens oocurs at the base of the Lion
Mountain outerop scross the river from Jefferles' Hunting Camp (see
Plate I}, 1In the shaley glauconitic sandstone, features that appear to
be vorn-like fossils are found in abundance (see Plate III). These featurss
are from 2 to 10 inches long snd from one~third to cne-eighth of an inch
in diameter, They are slightly browner in color than the enclosing rock.
They taper to a point at eithsr end and are apparently of the same com-
position as the snclosing rock. To the author, it seems possible that
thess festurss are some sort of mud-orack fillings, or perhaps lithified
mud that adhered to some type of plant stems and rolled along the bottom.
Digtridutdon and Tovegraphy: In the Upper James River area,
the ocutcrops of the Lion Mountain sandstone are found adjacent to the
James River., The member forms a leng, gently sloping bench that is usually
covered with a looss red soil. Across the river from Jefferies' Hunting
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PLATE 11

An exposure of the lower part of the Lion Mountain sandstone member
showing the cross-bedded, glauconitic sandstomes interbedded with limestone,

found in the steep cliff forming the east bank of the James River across
the river from Jefferies' Hunting Camp,
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PLATE IIX

Possible mud-crack fillings in the lower Lion Mountain sandstone
member of the Riley formation, Found at the base of the steep cliff form-
ing the east bank of the James River near Jefferies' Hunting Camp,




first glanconitic sandstone ogourring above the Cap Mountain limestone
member. At this horison there is & change in slope between the steep
slops of the Cap Mountain limestons and the gently sloping Lion Mountain
sandstone,

¥ilkerns Forpation
The Wilberns forsation vas first named by Paige (1911), who

designated the type locality as Wilberns Glen in Llano County, Texas,
A5 redefined by Cloud, Barnes, and Bridge (1945), the Wilbarns formation
consists of all the Cambrian rocks stratigraphically above the Riley
formation, It 1s composed, from top to bottem, of the San Sabe limestone,
Peint Peak shals, Norgan Cresk limestone, and Welge ik

Bridge, Barnss, and Cloud (1947) state the Wilberns formation
averages 580 foet in thickness in the Contral Mineral Region. In the

Upper James River area, the formation is approximately 525 feet thiock.
The suthor hes mapped the sons of large stromatolitic bioherss,
vhigh is usually regarded as being the uppermost portion of the Point
Poak shale, as a separate unit oaourring between the Point Peak shale and
the San Saba 11 . Di ion of the bioh sone is included in

discussion of the Point Peak shals member.

Welge Sandstons Member
Rafinition and Thickpesg: The Welge sandstone member vas naned
by Barnes (Bridgs, Barnes, and Cloud, 1947) from the Welge land surveys
betveen Threadgill and Squaw creeks, Gillespie County, Texss., It is a
brown, quarts sandstone that comeonly does not contain glauconite, The



Welge sandstone is 27 feet thick at the type locality. It ranges from 9
to 35 feet in thickness and averages 18 feet in thickness throughout the
Llamo uplift, The member is 22 feet thick in the Upper James River ares,

Lithodogy: In the Upper James River arsa, the Walge member is
a yellow-brown to brown - in places lssched to white, non-ocalcareous, non-
glauoonitic, medium- to coarse-grained, ferruginous, massive, sandstone,
The quarts graina are sub-rounded, and many of them have recomposed
erystal faces which glitter in the sunlight. The weathered surfece of
this member has a dark rusty-brown color that is much darker tham the
color of the unweathered surface.

In the thesis ares, the quarts grains of the Welge sandstone
are comented together with a siliceous cement, and the member is rather
resistant to erosion. Near the top of the member, in the sone where it
grades into the overlying Morgan Cresk limestone, the cement becomes
oalcareous,

Platribution and Iopographys In the Upper James River ares,
the Welge sandstone member crops out on the hills on the east side of the
Janes River, The outorop forms a resistant ledge at the top of the gently
sloping topographic bench formed by the Lion Mountain d .

Envirommsnt of Deposition: Textural and mineralogical studies
of the Lion Mountain and Welge sandstones by Daugherty (1960, p. 60-65)
suggest that the two members were derived from a similar source, but ine

dicate that the Welge sediments are more maturs than the Lion Mountain

a4 This si suggests that the sands found in the Welge
Rember were originally deposited as a part of the Lion Mountain member
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and ‘were subsequently eroded and redeposited. Winnowing sction by wind

or vater could have removed the silty fraction and the glauconite from

the sand fraction. Exposure of the sediments to the processes of chemi-

cal erosion could have removed or destroyed the glauconite remaining ia

the reworked sediments. \
The massively bedded nature of the Welge sandstons suggests that

1t was rapidly deposited, According to Cloud and Barnmes (1946, p. 112),

the Welge sandstone was deposited in a transgressive sea that entersd

the region after the exposure of the Lion Mountain d to h

ing, This sesukption is compatible with the suggestion that the Welge
sediments were derived from a weathered residium on the Lion Nountain
menber that wes nubjnti‘.a to erosion end then to rapid redeposition as
the seas again eovered the region,

' Stretigravhic :Belationshipst The Welge sandstone is the lover-
-u‘lh member of the Wilberns formation and disconformably overlies the
Liw Mountain member of the Riley formation, In the thesis ares, the
1w‘r boundary of the member was placed at the sharp lithologic shange
from a very glauconitio eandstone to a non-glauconitic sandstone. The
live cak trees that flourish at the base of the Welge sandstons show om
aerial photographs as & distinct, narrow, dark, line that is very closs

to the tact bet the b The Welge sandstone is overlain by -
the Morgan Cresk limestone.

Morgan Cresk Limestone Menber

Definition and Ihickness: The Morgan Creek limestons member
wvas namad by Bridge from exposures on Morgan Cresk in northwestern Burnet



County (Bridge, Bernes, and Cloud, 1947, p. 115). The member is 110 feet
thick at the type section and ranges from 70 to 160 feet thiok throughout
the Llano uplift. The average thickness is 120 feet. The msmber is 130
feet thick in the Upper James River area.

Lithology: In the thesis area, the Morgan Creek member 1s a
thinly bedded, purple to pearlgray, gl 1tic, medlum-grained,
fossiliferous limestons, The beds mre very sandy near the base of the

member and have a distinotive, dark, purpls color. Upwards from the dass,
the purple color of the limestone changes from pearl gray to gray, and the
limestons beoomes la;n' sandy. Hovever, small amounts of sand are found
throughout much of the Ilcrm Creek limestons. Shale beds and shale
partings betwesn the limestone beds are cosmon throughout most of the
member, Shale is very abundant in a sone ocourring from 20 to 50 fest
above the base of the member, and it 1s also quite ccamon near the top of
the member vhere it grades up;mz-d into the Point Peak shale, The shale
is green to greenigh 81ay, glauconitie, and easlly eroded. A fev thin
beds of detrital JJIIIMM; principally *trilobite hash”, oocur msar the
top of the member,
The brachiopod Boprthis texsnng is considered to be a promiment

marker for the Morgan Creek masber and according to Barmes and Bell (1954,
Ps 59), ocours approxizately 45 feet above the bass of the meaber at the

) Camp 8an Saba locelity, This sone vas cbserved in the cliffs forming the

. bank of the James River scuth of Jefferies' Hunting Camp. The fossil first
oocurs at & level 43 feet above the base of the Morgan Cresk limsstone.
This 1s almost the sume stratigraphia position as that of the fossil at the
Camp San Sabe losslity.
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Small stromatolitic bicherms occur approximately 10 feet below
the top of the Morgan Creek limestons, These bioherms are normally less
wthan 1 1/2 feet thiek and can thus be distinguished from the large bio-
herms ocourring at the top of the Point Peak shale member, Their purplishe
gray color also helps to distinguish them from the bloherms of the Point
Peak shale mewber which have a light- to medium-gray color,
Distribytion sud Topagraphy: The Morgan Creek limestone forms
& rangs of rugged hills to the east of the James River in the north-
central portion of the aree. The member orops out on both sides of the
Jemes River in the central portion of the area whers it also forme the bed
of the river, Small, faulted of the Morgan Creek 14 are

found near the northsrn sxtremities of Salt Creek andHey Creek,

Environment of DRepogition: The Morgan Creek limestons wvas de-
posited in a shallow, warm, clear water, neritic environment. Oseilla-
tion ripples marks vith a wave length of about 7 1/2 inches and an ampli-
tude of 2 inches were found near the base of the member. 7The ripple marks
indicate that the sea was probebly very shallow during at lesst part of
the interval in which the Cap Mountain limestone was deposited, The lime-
stons beds composed of detrital limestone, which ocour in the upper portions
of the member, indicats that some periods of extrems turbidity ocourred.
The ailt and shals partings between many of the limestons beds alsoc indie
cate the existence of turbulent conditions. However, periods of extrems
calm also occurred during which reducing conditions pravailed and the )
glauconite formed.

Stratigravhic Belstionships: The Morgan Creek member overlies
the Welge member ly. The tact is gradational and is placed




at the base of the first reddish-purple, arenacecus, limestone bed above
the Welge sandstone. This horizon coincides with a change in slope and
a vegetational change. The vegetational change is discernable on aerial
photographs. The member is conformably overlain by the Point Peak shale

member.

Paint Peak Shale Member

Pefinition apd Thickpess: The Point Peak shale member vas
nawed by Bridge (Bridge, Barnes, and Cloud, 1947, p. 115) for the exposure
at Point Peak near lone Grove in Llano County. At the type section the
member 1s 270 feet thick, but over the Llanc region the member averages
only 160 fest, In the Upper James River area, the Point Peak member,
including the large - stromatolitic biocherms at the top of the mexber, is
133 feet thick,

Lithology ¢ The Point Peak shale mesber is aomposed of green
to tan, calearsous, thin-bedded shale interbedded with gray siltstones,
gray to brown, thin- % mediumm-bedded limestones, and thim beds of intra-
formational oonglomerates. The intraformational conglomerates occur as
thin bede that average about 4 to 6 inches in thicknsss. The conglomerates
oconaist of grayish-browm, flat, limonite-stained fragments of calcarsous
siltstone and flat, white to gray pebbles of medium- to fins-grained,
glauconitic limestons in a caloarsous matrix,

" Several sones of bioherms are found in the Point Pesk member
in the thesis area, The uppermost and largest bioherm sone ooours as &
distinot loll at the very top of the Point Pesk shale member, Although
thie blohern sone has been mapped by the suthor as a separate lithologie



unit, it is considered to be & part of the Point Feak shale, The bicherms
of this zone are as much as 20 feet in diameter and are often more than 5
feet thick., These bicherms were formed by calcarsous alijas and usually
exhibit "oabbage-head™ structure on their uppermost surface (see Plate IV),
These huge bioherms have compressed the shale that lies beneath them,
causing the adjacent shale beds to bend around the bioherms. Differsntisl
compaction has caused the overlylng strata to bend over the bicherms.

The lateral space between the bioherms is ocoupied by beds of limsstone
separated by thin beds of shale, The shale 1a less abundant near the

top of the sone than in the rest of the zone.

There is another zome of large bioherms whigh are similar in
character to the bicherms in the upper sone. The bicherms of this sone
are found 37 feet etratigraphically above the base of the Point Peak
shale member in the eastern part of the area. Toward the western part
of the area, this seme mons of bioherme osccurs lower in the seotion, and
the bioherms decressze in size. A few amall shale and limestons pebbles
are found incerporated in some of the bicherma of this sone where the
sone crops out on the bank of the James River three-fourths of a mile
southwest of Jefferies! Bunting Camp, These psbbles are similar to those
found in the intreformstional conglomerates of the member, and suggest
that the buh;m vers formed in rather shallow wvater. The bicherms of
this zone were cbserved to ocour in close conjunction with some of the
beds of intraformational conglomerate in the member (see Plate V) and in
many instences overlie the conglomerate beds.

An gdditional sone of small bicherms was noted in the Upper
James River area. This sone cccurs in the lower part of the Point Peak



PLATE IV

Typical cabbage~head structure exhibited on the surface of one of
the large, stromatolitic bioherms which oceur in the bioherm szone,






PLATE V.

Bioherm which occurs in the middle of the Peint Peak shale member,
The bicherm has fallen from the outerop and lies in an overturned position.
The intraformational conglomerate underlying the bioherm is also shown.
The exposure is located on the east bank of the James River three-fourths.
of a mile upstream (southwest) from Jefferies' Hunting Camp.



shale but is not present in all exposurss of the lower portion of the
member. The bioherms of this sone are resdily differentiated from those
of the other zomes by their sise, which seldom exceeds 1 1/2 feet in
diameter.

Distxibution apd Topography: The Point Pesk shale member under-
lies a rather extansive area in the southern and sastern portions of the
Upper James River area. The shale ia easily westhered, and the lover
pertion of the member usually forws gentle slopes. At the places whers
the ocutorop is protected by the overlying, resistant bicherms, the member
forms steep slopes and vertical oliffs {see Plate V),

Environment of Depositiont The ence of intraf donal
conglomerates and bioherms within the Point Peak shale indicate that the

member was deposited in relatively shallow water, As the shale, silt-
stone, and shaley limestone pabbles comprising the intraforsational con-
glomerateas of the Point Peak member are flat, some geologists believe that
the pebbles were formed by waves and currents from plsces of wudesrack
scales. This would suggest that at various times during the deposition
of the Point Peak shale member, the ares of deposition was a tidal flat.
large ripple marks with a wave length as great as 3,2 feet and an ampli-
tude of .5 feet are found 83 feet above the base of the member in the
river bed three-fourths of a mile southwest of Jeffsries' Hunting Camp
(see Plate VII). The ripple marks strengthen the argument for a shallow
water enviromment of deposition for the Point Peak shale member., The
biohera sones wers probably formed in shallow, possibly olear, warm water,

Stratigraphic Belstionshive: The Point Peak shale member con-
formably overlies and is transitional with the Morgan Creek limestone
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PLATE VI
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Point Peak shale cropping out in a steep cliff on the west bank of
Hey Creek near the northern intersection of Hey Creek and the James River
Road.




PLATE VII

Large ripple marks found in the upper portion of the Point Peak shale
member in the bed of the James River three-fourths of a mile southwest of
Jefferies' Hunting Camp,
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member. In the thesis area, the oontact was placed at the base of the
first thick sequence of ehale and slltstone found above the limsstons beds
of the Morgan Creek member. The member is overlain by the San Seba lime-

stone,

San Saba Limestone Nember

RBafinition snd Thicknsse! The ters San Saba was first used by
Gomstock (1890, p. 566), who applied it to s series of limestons exposed
near Camp San 8aba in MoCulloch County, Texas, Brigge, Barnes, and
Cloud (1947, p. 117) redefined the San Saba limestons as the uppermost
member of the Wilberns formation, The San Saba limestone ia 280 feet
thick et the type locality, and the average thiokness of the menber is
also 280 fest over the Llano uplift, As the San Babe limestone uo?.i.cn‘ .
in the thesis area is interrupted by faulting, the axaot thickness of the
member could not be determined. The author measured 228,3 feet of the
San Saba member and belisves that only a mmall part of the section is
missing due to faulting.

lithologyr In the thesis ares, the San Saba member is com-
pPosed mainly of limestone but contains some beds of sandstone and shale.
According to Barnes (1959, p. 33), the sandstone body that coours in the
San Sabe limestons in vestern Mason County is not found in the eastern
part of the oounty.

The limestons bede are gray to white or mottled tan in color.
They commonly contain glauconite in varying quantities and are often
separated by thin stringers of green to gray shale. The limestons is in
well-bedded beds varying from one-half inch to two feet in thickness and



is often The 14 variea from sub-lithographic to goarse
grained and i= fossilifercus. Girvenslla, which ars balieved to be of
algal origin and look like a chinaberry or a marble, are common in the

limestone beds. Brachiopods, gastropods, and trilobites are also present,
4 emall, tightly ooiled unnamed gastropod is the most common form through-"
out the upper half of the member,

A feu thin beds of intraf nal 4] e and some beds
that are possidly detrital 1limestone are found approximately 50 fest from
the top of the member, The oonglomerate beds gonsist of angular limestone
pebhles in a medivm-grained, limsstone matrix,

The sandstones are yellow to red in color and are fins to
mediun grained., They are, for the most part, quite friable, but a few
of the beds are firmly cemented with a calcareous cement,. The sandstone
is non-glauconitic and ocours in beds 3 to 5 inches thick. Slight vari-
ations in the 1ithology of the sandstons ooour in short lateral distances.

mmml The San Saba limestone member
orops out in the eastern and southern portions of the Uppesr James River
area, The member forms doth steep hills and gentle slopes but usually
forms rolling hills, as it s comparatively resistant to erosion.

muml The presance of biohsrms in the San
Saba limestone has been reported by Bridge, Barnes, and Cloud (1947,

Pe 120). The presence of the biobsrms and the existence of the many
fossils indioate the Ban Saba limestone was deposited in relatively
shallow water. The detrital nature of some of the limestone beds also
suggests deposition took place in a shallow water environment similar to
the present Bahama Banks.
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The scattered ocourrence of the glauconite in the limestone
beds indicates that the glauconite was formed in Place during the deposi-
tion of the 14 + As the linest containa the fossila of bottom

dwelling forms, and glauconite requires a reducing environwent, it is
suggested that the necessary reducing enviromment existed Just bensath
the depositional interface, and that the glauconite formed there,

The source of the arenaceous sediments forming the sandstone
body in the San Saba limest in the t portion of the region was
located to the west of the Upper Jemes River ares. According to Barnes

(1959, p. 33), a varriar reef vas loocated to the east of the thesis area
'am prevented the trensportation of arenacecus sediments to the eastern
part of the Llano uplift,

Siratdgrachic Relationghivg: The conformable contact betieen
the San Saba limestons member and the underlying Point Peak shale nenber
is gradational. In the thesis aree, the contact was placed at the top of
the large sone of stromatolitic bioherms overlying the Point Peak shale,
In nt’ least part of the thesis ares, Barnes placed the same ‘bichern sons
in the San Saba limestone beoause of the ocourrence of distinot, though
thin, limest beds b the bioh vhere they orop out in oliffs
along the banks of the James River in the southwestern portion of the
area. At this locality, Barnes has marked the point where he placed the
contact vith yellow paint. The present author believes that the bedded

linestons beneath the bicherms at this locality grades laterally into
oilstone and shale. The bioherms are considered to be the upper part of
the Point Peak shale member &lthough they are mapped as a separate unit.\



ORDOVICIAN SYSTEM
Rocks of Early and Middle Ordovician age do not oogur in the
Upper Jamee River ares, In the thesis area, Lower Ordoviaian tine is
represented by the rocks of the Ellenburger group,

Ellenburger group

Refinitiop and Ibicknesst The term Ellenburger vas first used
by Paige (1911, p. 24) as & formation naze for the limestons that crops
out and forma the Illenburger Hills in southsastern San Ssba County,
Texas. Gloud, Barnes and Bridge (1945, p. 133) elevated the Ellenturger
to group status and divided 1t into the Taoyard, Gorwan, and Honeyeut
formations (bottom to top),

The Ellenburger §roup has a maxiwum thickness of 1,820 feet in
the scutheast corner of the Llano uplift (Cloud and Barnes, 1946, p. 32),
According to Barnes and Bell {1954, p. 35), the average thickness of the
Ellenburger group in the Central Minersl Region is 1,694 feet.

It is believed that only the lower part of the Ellenburger
&roup is exposed in the thesis area. The author estimates that the thick-
ness of the Ellenburger limestone is approximately 1,200 fest in the
Upper Jemes River area.

Litholegyt 1In the Upper James River area, the Ellenburger
group. econsists of a limestons facies and a dolomite faoles. The limestons
facies is a white- to pearl-gray to dark, sub~lithogrephic to gramular,
fossiliferous, non-glauconitic, limestone., The beds very from one-half
inch to two fest in thickness. The limestons contains more fossils in
the lower beds than in the upper beds. Intraformational breccias and



congl oscur throughout the group. The outorops of the limestons
facles often weather to producs large, slab-like pleces of limestons.

The dolomite fucies is a yellow-gray to rust=trown, medium- to
fined-grained, non-fossilifercus, mon-flaucanitic dolomite. The dolomite:
ususlly veathers to a distinotive irregular surface which has many rounded
boulders of dolomite extending above the surface. Fleces of white to

black chert are often found associated with the dolomite.

In the thesia area, the dolomite facies seems to grade into
limestone horisontally and vertically. The dolomite facies is less come
mon than is the limestone facies.

Distrilution and Jopograchyi In the thesis area, the Ellenburger
linestons cutorops generally form rough hilly terrain. Exposures of the
£¥oup are found in the western and extrems southern porticns of the area.
In faot, most of the western third of the thesis area is coversd by ocute
orops of the Ellenburger limestons, Mesquite, cedar, and scrub oak trees
are evenly and sparsely distributed over the out ps in a distinots
Pattern vhich is recognizable on aerial photographs,

Eoviropment of Deposition) The sediments that formed the
Ellenburger group were deposited in & warm shallow sea. The presence of
intraformational brecoiss indioates that the ses was shallov and very
turbulent at times. Cloud and Barnes (1946, p. 100) reported the ocour-
rence of many "stromatolites" (st 1itic bioh ) in the Ellend

section, and state that this situation, "suggests a maximum poesible
depth of 100 fathoms®, The great thickness of carbonate sediments indi-
oates that the climate of the times was tropiocal or semi-tropical. Cloud



and Barnes (1946, p. 81) suggested that the depositicnal environments of
thnhnmprmpmmmhmorthnm&nhmmu
similar,

Ssratisrephic Belationshize: The Kllenburger limestons oonforma-
bly overlies the Sen Sabe limestone in the Upper James River ares. Depo-
sition acress the Canbrian-Ordovician bmmduy appears to have been con-
timou.l‘nth-thuum,thﬂ“_ San Saba tact was placed
&t the base of the first 14 bed containing the g pod, Lythogolirs
Lxeoers. This gastropod, together with Qchilste, is very ebundant in
the lowsr part of the Ellenburger group in the Upper James River area
(see Plate VIII),

The Rllsnburger limsstone is overlain by recks of Cretaceous
age. The oontact is ble

MEOROTC ERA

CRETACEOUS SYSTEM

W“m: In the Upper James River area, rocks
of Cret age L 1y overlie the Palecsois rocks of the
region. The Cretacecus rocks of southern Mason County beleng to the bdasal
Commanche Seriss and consist of the Travis Poak, Walmt, Commanche Peak,
and Edvards formations {(Cloud end Barnes, 1946, p. 189). In the thesis
arsa, the Cretaceous sediments are approxizately 230 feet thick.

Lithologys The Cretacecus sediments of the Upper James River
area oonsist of three distingt 1ithologic types. These are, from the
base upvard, (1) sand snd s11t, (2) siltstons, and (3) limestone, No.
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PLATE VIII

AUG L] &0

Fossils characteristic of the lower portion of the Fllenburger
groups

(1) Lytospira gyrocera, (2) QOphileta.




attempt has been made by the author to differentiate the rocks of the
Cretaceous section on any basis except a lithologic cme.

The basal silt and sandstone is found at the bage of the Cre-
taceous plateau and is a desp rust rad in color. The silt is very fine,
and the sand is calcareous and fine to medium grained. This unit grades
upward into a buff-colored, calearecus siltstons, The thickness of the
unit ranges from a feather edge to approximately 150 feet.

The ailtstone unit is a gray- to light~buff, nassively bedded,
friable, caleareous siltstone. The unit is fossiliferous, ocontaining
unidentified gastropods and brechiopods. It has a rather high resistance

' to weathering and forms a very steep slope. This unit is approximately 50
feot thick in the Upper James River area.

The uppsrmost unit of the Cretaceous system in the thesis area
1s & light-gray to white, medium-bedded, fine-grained limestons., Much of
the limestone contains dark-colorsd chert nodules. This unit is approxi-
mately 30 feet thick and is very resistant to erosion, It is probably
the lower part of the Fdwards limestone.

Ristribution and Topographys Three small outliers of Cretaceous
strata are found in the extreme south-central portion of the thesis area.
These outliers form mesas and are capped by the hard, resistant, Cretaceous
1imeatene unit, The tops of these mesas are roughly 230 feet above the
surface of San Saba limestone upon which the base of the Cretaceous de-
posits rest.

There is a thin veneer of the bassl Cretaceous sandstone ex-

tending over a considerable part of the southern and western portion of
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the thesis area, Much of thim sheet of sand ie not in place, but has been
revorked by vater flowing down from the Cretacecus highlands.

Epvirommant of Depoaition: The Cretaceous mediments of the
Upper James River srea wers deposited in a graduslly despening trensgres.
eive sea. This is indicated by the nature of the sediments, which grade
from sand Yo siltstone to limestons. The limited exposures of Cretacsocus
sediments in the arss preclude other conclusions regarding the environ.
ment under which the Cretacecus sediments were deporited.

Stratigraphio Relstionships: The Cretacecus sediments of the
Upper James River area unconformably overlis the Paleozolc rocks of the
ares., The contaots between the three Cretaceous units appear to be
gradational,

GENOZOIC ERA
The Cenosoio sediments of the Upper James River ares are limited
" to =mall amounts of alluvium and caliche conglomerate. The alluvium is
of Quaternary age and is composed of silts, sands, gravels, pebbles, and
cobbles deposited by the James River and its tributaries, The alluvium
may be as much as ten feet thick in plades, but is normally quite thin,

The caliche conglomerate is posed of rounded toc sub- ded
limestons pebtbles in a ealiche or caloareous tufa matrix. Harwood {1959,
P+ 44) suggested that these conglomsrates are the dissected rmim of
old stream terraces which wers formed in valleys of Toertiary or Quaternary
age. The caliche oonglomerate sttains a maximum thickness of approxi-
mately 4 foet and iswually found in the vallay of the James River,



BSTRUCTURAL GFOLOGY

BIGIONAL STRUCTURE

The Llanc region is a struotural dowme vhich, due to erosionm,
forms a topographic basin, The erosion of the Cretaceous rocks of the
region has exposed the complex Paleosoic and Precsmbrian strata of the
strustural dowe. The area of exposure of the Palsosoic and Precsmbrian
strata is roughly elliptical in shape. The long axis of the ellipse
trends in a west-northwest direction and 1s about 70 miles in length,
The shorter axis is approximately 40 miles leng.

Extensive deformation has taken place in the Llano region,
Sellards (1934, p. 97) stated that the deformation of the Llano reglon
oocurred in the Pennsylvanian period and took place after Bend time and
prior to Canyon time, This deformation developed the extensive system
of faults whioh constitute the principal structural features of the
Llano regicn. According to Cloud and Barnes (1946, p. 118), the faults
are normal and have a range of dip from 60 to 90 degrees. The majority
of the major faults of the region trend in a northeast-southwest direction,
While a few of the larger faults trend morth-south, Only rarely doss a
major fault follow an east-west directional trend.

The doming of the region was apparently well under way by
Missisaippien tine as evidenced by the thinning of the Chappsl and Bar-
nett formations of Mississippian age as they approach the Llano uplift.
It is possible that the doming of the region was acocomplished sntirely
vithin the Misaissippian Period,
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The Paleosoic rocks of the 1lano region have besn only gently
folded, PBroad gentle folds ceour at scattered looalities, and mmall lopal
folds have been formed by slumpi mpaction around biok: ) and drag
along feults.

LOCAL STRUCTURE

Structural featurss of the Upper James River area are limited
to pormal feults, grabens, horsts, and compastion folds, The more ime
portant normal faults trend in a northeast-southwest direction, while
some of the minor faults which branch off from the major faults trend in
8 northwestescutheast direction. The grabens and horsts are formed by
the norwal faults of the area and have no discernible topographic ex-
pression, The compsotion folds are found in the Point Peak shalse l’-hr
of the Wilberns formation and were formed by the compasction of shale -
around the large stromatolitic bioherms,

The rook units which crop out in the Upper James River area
strike ¥ 40° E and dip approximately 4° to the SE,

MAJOR FAULTS

Three major faults have affected the Palsosoic strata of the
Upper James River area. These are the Simons faults, the Zisgler fault,
and the Hey Greek fault. The Simone fault was named by Alexander (1952,
P. 48), the Ziegler fault was named by Sliger (1957, p. 48), and the Hey
Creek fault was named by the present author for Hey Oreek,

The aholu fault passes dntiroiy through the Upper James River
area, The fault follows a northeast-southwest trend and is sub-parallsl



to the James River, The fault orosses the river at two localities about
& quarter of a mile apart. Just north of the southern-most of these two
places where the Simons fault crosses the James River, the Cap Mountain
limestons strikes ¥ 20° E and dips 25 degress to the southesst, The high
dip of the Cap Mountein limestone member at this locality is apparemtly
dus to the fault. Possibly the strata adjacent to the fault were tilted

up by ocomp tory mo along the fault plane, At this locali-
ty the 8imons fault has placed the Ellenburger dolomite facles in con-
tact wvith the Cap 'Hm.mhin limestone, indicating a minimum vertical dis-
Placement of 540 fest. The throw of the Simons fault decreases to the -
southwest, At the southwestern border of the srea, the fault is within
the Ellenburger limestone faoles.

The Ziegler fault is found in the northsastern corner of the
thesis area approximately a quarter of a mile east of the Simons fault.
The Ziegler fault appears to dis out before it extends more than a mile
into the thesis area, The fault follows a north-northeast to south-
southwest trend in the srea. Where the Ziegler fault crosses the James
River it has brought the Oap Mountain limestone in contact with the Mor-
gan Orsek limestons, This contact indicates the Ziegler fault has a
maximur throv of approximately 180 feet, The throw of the fault decreases
to the north and to the south.

As the 8imons fault is downthrown on the northwest and the
Ziegler fault is to the heant, the block betwesn the two

faults forms a small horst, 7This horst is located in the northeastern
part of the thesis ares and 1s approximately one-fourth of a mile wide
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and of undstermined length as it extends ocut of the thesis area. This
suell horst is contained within & larger horst formed by the Simons and
Hey Creek faults.

The Rey Creek fault enters the Upper James River area about
1 1/2 niles scuth of the northeastern corner of the thesis area. The
fault follows a northeast-scuthwest trend and disappears just short of
the southwestern border of the area, The maximum throw of the Hey Creekx
fault is estimated to be 150 feet. The Bey Creek fault is parallel to,
and southeast of, the Simons fault. As the Simons fault is downthrowm

to the northwest, and the Ney Creek fault is own to the heast,
the block betwesn the two faults is a horst, vhich has a width of approxi-
mately 1 1/2 miles.

The Hey Creek fault also forms one side of a small graben., This
graben is bounded by the Hey Creek fault on its northwest side and by a
spall unnswed fault on its southeastern side. This small unnamed fault
is the eastern-most fault cut by ssction B-B' (see Plate I). This graben
is about three-fourths of a mile vide and, at the most, one mile in

length,

MINOR FAULTS
There are many small, stesply dipping, normal faults in the
Upper James River area. MNost of these minor faults are aligned in a
northeast-southwest direction ss are the major faults of the area. FRow-
ever, a fev of the minor faults that branch off from the Simons fault
follov a northwest-southeast trend, The fact that all of the minor faults
which depert from the usual directional trend are slivers of the Simons



fault end have a small vertical displacesent suggests to the author that
these minor faults vere formed dus to loocal stresses caused by the major
faults, It is poasible that several sall faults within the San Sabe
limeatons or Ellenburger group are present in the area and were not found
by the sutbor,

AGE OP FAULTING

The exaot time at which the faulting of the strata of the Upper
James River area took place is mot known. The youngest rocks affected
by the faulting belong to the Ellenturger group. The overlying Cre-
taceous rocks were not dfsplaced by the faults. Therefore, the deforma-
tion took place after the Lower Ordovician Ellenburger group was laid
down, and before the Cret. © h a1 were dsposited.
Both Cloud and Barnes (1946, p. 121) and Sellards (1943, p. 97) dated
the regional faulting as being post-Bend (Farly Pennsylvanian) and pre~
Canyon (Late Pennsylvanian) in age,

CAUSE OF PAULYING

?hcﬁuluof!hommngionmmmlfmumdahmﬂdbo
due to tensional forces, The origin of these forces is uncertain, but
several theories have been advanced to explain them,

Cloud and Barnes (1946, p. 118) believed that the faulting of
the region wvas the result of tensional oouples caused by the deformation
of the sediments in ths Llanoria geosynoline. Paige (1912, p. 10) cone
sidersd compressionsl forces to be the oauss of the feulting, Jemnings
(1960, p. 73) believed differential uplift to be the most likely manner
by which the faulting was developed.
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The euthor doss not consider any of the previously mentioned
theories vholly sdequate to explain the origin of the faulting in the
region. However, the mortheast-scuthwest trend of the portion of the
Ouachita trough (Barnes et., al,, 1959, pp. 39-42) olosest to the Llano
region suggests that the forces which caused the faulting in the Llano
region were related to the Ouachita trough.

FOLDING
The only folds occurring in the Upper James River ares are small
folds of local oecurrence found in the San Saba and Point Pesk beds im-
mediately edjacent to the stromatolitic bicherms, These folds are due
to differential compaction of the strata arcund the reef masses.



GEOLOGIC XNISTORY
PRECAMRIAN Eaas

The oldest lithologic unit which erops out in the Upper James
River area ia the Cap Mountain member of the Riley formation of Cambrian
sge. However, & considerable sequence of sediments were deposited in the
Llano region during Precambrian time. These rocks were subsequently
buried at great depth, folded, met. y and 1 4 by granitic

vt The oo L] ‘Muroof-motmmih-ofthlnm

indicates that they orystallized at considerable depth,

Pollowing the intrusion of the granitio nagmas, the region was

uplifted and subjected to the Processes of erosion. This period of ercsion
probably cocurred during Late Precambrian and Zarly and Middie Gambrian
time,

PALEOZOIC ERA

CAMERIAN PERTOD

The first Paleosolc sea covering the ares was during late Come
brian time and reworked the existing eclian sands er & sandy residiwm to
form the base of the Hiokory sandstone member of the Riley formation
(Cloud and Barmes, 1946, p. 113). These sediments were deposited on a
surface vhioh had as much as 800 feet of topographic relisf according to
Bridge, Barnes, and Gloud (1947, p. 113). Accwmlstions of dreikanters
or ventifacts, together with the feldspar fragments in the basal portion
of the Hickory sandstone meuber, suggest that an arid olimatecexisted
prior to the advance of the Cambrian seas, At some places seolian erosion
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also ocourred. The upper portion of the Hickory sandstone vas deposited
in & shallov sea, Cross-bedding, sub-rounded grains, and ripple marks
are characteristic of this portion of the member. The Hickory sandstons
does not crop out in the Upper James River ares but probably does ocour
beneath the younger Paleosoio rocks in the area.

Pollewing the deposition of the Bickory sandstone, the land ocon~
tinued to subeide through early Cap Mountain time. The gradational ocon-
tact between the Hickory sandstone and the Cap Mountain limestons is in-
dioative of a gradual rise in sea level, or an inoresse in the distanse
to the shore line, The fact that a shale faaies 1s not found between
the Cap Mountain limestone and the Hickory sandstone suggests that either
the change in sea level was relatively rapid, or that thers was a deficiency
of shale-gise material from the source area, allowing the early deposition

of carbonate sediments. The presence of gl ite and soms coqui
like beds in the Cep Mountain limestons suggests the member was deposited
in a fairly shallow weter enviromment, The source area of the clastic
sediments of the region was apparently eroded to a very low level by
this time as very few clastics were being carried to the sea and incore
porated into the carbonate sediments.

The cross-bedded sandetones, lenses of detrital limestons, and
abundant glauconite of the Lion Mountain member indicate that the member

vas deposited during a time of unstable conditions on the land and in the

sea, The cross-bedding end ocourrence of the 11 lenses acmposed
predominately of fragments of trilobite remains indicate that a turbulent
envirorment was in effect part of the time, The great amount of glaue
conite in the section wmust have formed under quiet conditions which oo~
ourred betwesn the shorter, periodic, turbulent periods.



According to Cloud and Barnes (1946, p. 112), the sediments of
Lion Mountain-Velge time comprise a reg 1 g ive phase of

the Cambrian sea. The Riley-Wilberns formational contact is placed in
the niddle of this regressive-iransgressive sandstons sequence. The sharp
1ithologis change bet the Lion Mountain end Welge members may be the
expression of a short biatus caused by a minor regiomal uplift which was

directly or indirestly oconnected with the regressive~transgressive naturs
of the seas at that time,

The Walge sandstons is oomposed almost entirely of pure quarts
sand, and its messive character inplies that the sediments vers deposited
at a very rapid rate. This rapid rate of deposition of the Valge sand-
atone may have been the result of a sudden influx of large quantities of
arenacecus sediments from the source area, or the rapid reworking end
redeposition of a sand residium formed on the Lion Mountain member.

The close of Welge time and the beginning of Morgan Creek time
was marked by & decrease in the quantity and sise of oclastic material de-
livered to the site of deposition and the gradual transgression of marine
vaters, Thie slow invasion by the sea is evidenced by the gradetional
Welge sandstone-Morgan Creek limestone comtact, which is customarily
Placed at the base of the first arenaceous limestone bed above the Welge
sandstone member. The adundance of glauconite and marine fossils in the
middle and upper portions of the Morgan Creek member suggest that deposi-
tion took place in s shallow sea of normal selinity. The stromatolitio
bicherms at the very top of the member suggest warm shoal waters and the
gradual shalloving of the sea. The many lenses of intensively reworked
trilobite remains, which inorease in abundancs in the upper portion of
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" the unit, indicate fairly shallow vater and the existence of periodie
turbtulent conditions.

During niddhr Wilberns deposition, argillaceous material was
introduced into the sedimentary sequence in a rather quite sea, Evidence
for this is the well-bedded shales and siltstonss of the Polnt Peak member.
fhe limestone beds and marine foesils within the member indicate that the
waterswers marine, Ripple marks and intraf {onal 1 tes sug-

gest that the waters of the ses were shallow, Near the close of Point
Peak time, there must have been considerabls shoaling and warming of the
waters as evidenced by the large sones of 1itic biob el

in the upper part of the Polnt Pesk shale.

During San Saba time, a gradual, soderste deepening of the vaters
nuﬁhﬂ in the deposition of the glauconitic, fossiliferous, silty lime-
ltom of the uppermost member of the Wilberns formation. However, periods
during vhich the sea was shallow enough for turbulent bottom conditions
%o ocour undoubtedly existed, as evidenced by the beds of intraformation.
sl conglomerate which cocur in the upper half of the menber. DBeds of
arenscecus limestons, sandstons, and siltstons also ooocur in the upper
half of the member in the thesis area. Acoording to Bridge, Barnes and
¢loud (1947, p. 121), the arenacecus phase of the San Seba limestone is
common in vestern Mason County but ia not found in the eastern portien
of the oounty. This situation indicates the source of the arenaosous sedi-
ments was located to the west of the Llano region. According to Barnes
(1959, p. 33), the arenacecus sediments vere blooked off from tha eastern
paxt of the Llano uplift by & barrier reef. This barrier reef vas lo-

: uudtothomtofﬂumahm-ndmdiminnmﬂ.h-south N
direction.



ORDOVICIAN PERIOD

In the southwestern part of the Llanc uplift, sedimentation
vas apparently continuous across the Cambrian-Ordovician bolmdlry.
the varm shallov sea peraisted throughout Ellenburger time, The presence
of intraformational breccias indicates that the sea was shallow and, st
times, quite turbulent. Cloud and Barnes (1946, p. 100) eatimated that
the Xllenburger sea had a maximum pogsible depth of 100 fathoms and vas
very likely much shallower. The 1i-ostonu of the Ellenburger group
probably origingted as chenically precipitated carbonate muds in an en~
vironzent somewhat similar to ths present Behama Banks region,

Books of Middle and Late Ordovician age 6o not ocour in the
Llano region. It is possidle that sediments vere deposited in the region
during this interval and wers subsequently removed by erosion, but no
evidencs of such has been found.

SILURIAN PERIOD

The withdrawal of the Lower Ordovician sees ushered in the long-
est period of Palecsoic smergence of the Llano region. Ko sediments of
Middle or Late Ordovioian @ge or of Silurian age have been found in the
region, The deposition and subsequent erosion of sediments ocould have
cocurred during this interval, but avidence toward this end is nonexistent.
The interval is oconsidered to be a period of emergence.

During this pericd of emergence, a great truncation of the Ellen-
burger rocks coourred, Cloud and Barnes (1946, p. 113) state that there
Was a pronounced eastward tilting of the rocks prior to Devonian time,
This regional tilting caused the truncation of the Ellenburger rocks to
be more advanced in the western portions of the Central Mineral Region,
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DEVONIAN PERIOD
According to Cloud and Barnes (1946, p, 113), sinkhole deposits
of Devonian sediments are found at various localities on the eastern and
vestern flanks of the Llane uplift, However, rocks of Devonian age are
not present in the Upper James River area,

NISSISSIFPIAN PERIOD

The aeas invaded the region several timss during Mississippian
time. The Chappel and Barnett formations wers deposited during this
period, Exposures of these rooks are found 5 1/2 miles north of the thesis
area, There are no Mississippian sediments in the Upper James River ares.

The thinning of these 1 as they h the Llano
region shows that the uplift of the region had begun by thattinme, The
Tegion emerged as a positive land mass prior to Pennsylvanian time,

PENNSYLVANIAN PERIOD

Sellards (1924, p. 23) states that the Marble Palls 1limestone
of Penngylvanian age was deposited on an ercded surface of truncated
Mississippian and Ordovicien strata, Thers is no evidence of Pennsyl.
vanian deposition in the thesis ares, Hovever, it 1s quite possible
that sediments of Pennsylvanian age were deposited in the thesis area
and wers later removed by erosion,

The Llano region was subjected to a period of deformation during
Pennsylvanian time. Sellards (1934, p. 99) dated this deformation as
being post-Bend and pre-Canyon in age. He attributed the northeast.
southwest trending fault system of the reglon t¢ this disturbance,



PERMIAN PERIOD
Sediments of Permian &ge have not besn found in the Central
Mineral Region, While deposition and subsequent removal by erosion could
have taken place, it 1s most likely that the area was an exmprgent land
mass undergoing erosion during this period.

MEOZIC ERA
TRIASSIC AND JURASSIC PERIODS
No rocks of Triassic or Juresaic age are known to exist in the
Llano uplift. The Trisssio and Jurassic periods represent a continuation
of the Permian ercsive interval, During this period of erosion, the
region was pensplaned prior to the ad of the Cret, seas,

CRETACEOUS PERIOD
The Cret seas 1 d the region and deposited a series
of sandstones, siltatones, and limestones on the pensplaned surface which
exposed rocks of Precambrian to Pennaylvanian ages. In the southern part
of the thesis area the Cretaceous sediments unconformably overlie Came

brian and Ordovician strata,

CENZOIC 2RA
Since the uplift on the area and the conasquent withdrswel of
the Cretaceous 8eas, the area has remained above sea level. Erosion has
removed the Cretaceous sediments from the center of the Llane uplift and
d the Paleosoic and Predambrian rocks of the reglon. The ingisea
xeander patterns of the streamg in the area suggest that ths uplift of

the region may still be going on,
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Post Cretaceous deposition has been restricted to the collsction
of alluvium in the stresm valleys,



ECOoONOMIG GEOLOGY

The economic activities carried on in the Upper Jumes Biver arse
consist entirely of the raising of cattle, shesp, and goats, Water 1s the
most important natursl Tesouree of the ares and is Present in sufficient
quantities to supply the domestic and agricultural nesds of the area,

In the thesis area, vater is obtained from the James River and
its tributaries, stock tanks, and from shallow wells, The Welge sandstone
and the Ellenburger limestone are the main aquifers for the shallow wells
in the area, The Hickory sandstone, the prinoipal aquifer for the Liano
region, underlies the Upper Jemes River area but is not exploited as 1t
is too deep for Practioal use except in the northeast portion of the area
dlohg the James River. In thia looality the river furnishes all the
necessary water,

No important mineral daposits are found within the theais area,
and nooording to Gloud and Barnes (1946, Pe 33), the nature of the out-
erop patterns and the def ortbwmtldnmuhdlo!tb
region render the possibility of petroleum Production improbable.
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The section was measured from a place on the south bank of the
James River 300 yards west of the southernmost ford of the James River in
the thesis area, The sectlon vas messured upwards stratigraphically, and

the measured traverse wae started in the Cap Mountain 1imestone,
Thiokness of
Interval
Peot
Wilberns formation;
Point Peak shale members
49. Bioherns, gray, lub-llthomphio, very resistant,
nptoZOfutindin-hrmdnpeo5ruttMnk.
Cabbage-head struoture is Yory apparent on the
face of the bioh Weath surface is
lighttcdukgny................. 17,0
48, Shale and limestone, intarbedded, The shale is
Poorly exposed but appears to make up 75% of the
section. The shale weathers to a light yellowish
tan. The limestons ia pearl gray, medium to fine
&rained, glauconitic, and fossiliferous (Qir.
Yanells); inbeds 2 to 4 inches thick; veathers
toadunarq................... 21.5

47, 8hale, Poorly exposed, ysllow to gresn; beds
one half to 2 inches thick. Weathers to a light
nllovhhtm................... 7.8



45,

43,

41,

Soil~covered slope. Bhale partfcles and limestone
flags are on the surface, The shale comprises
abontwpormtofthpuhml..........
Bioherms, gray, poorly exposed, as large as 4 foet
in diameter, and up to 2 fest thick. Surface is
weathered but some traces of cabbage-head atruc-
ture remsin, The weathered surface is dark
L T T T
Shale end scme limestone. The shale is poorly exe
posed, arenacecus, and weathers to & yellow gray.
The fev beds of limestone are dark gray, fine
§rained, and cocur in beds 3/4 to 1 1/2 inches
thlck......-................
Shale and 11 « The 14 18 light gray,
well expossd, medium grai , B tie, in beds
upto&immthiok,ndgnywbmnonth-
weathered surface. The shale 1s poorly exposed,

green to gray, and well bedded in beds up to 5

mhnf.hiok....................
Bioherms, gray, small, poorly exposed, up to 2 feet
in diemeter, weathering into rounded lunps the sise
of a grapefruit, Weathered surface is a dull gray
oolor.......................
Shale and limestons beds. Shale is masked by

soil cover, and appears to oomprise 75 percent of

Foot

32.0

3.5

18.5

40

1.3
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Foot
the interval. The limestone is 1light gray, medium

grained, resistant, and cocurs in beds 2 to 2 1/2

inchlathiak..........-......-.. 1.0
40. Bicherms, gray, small, having an average disxeter

of one oot and & maximum diameter of three feet.

The bioherms are poorly exposed dus to soil cover,

but sesm to weathar into a domut pattern, The

veathored surfaoe 1s dark grey. . o « o o o o 0 . . 1.8
39. Shale and limestons. Shale is yellow tan to green,

and well bedded in beds 1 1/2 to 3 inches thick.

The limestone is white to gray, medium grained,

glauconitic, fossiliferous (Girvapglla), resistant,

in beds 1 1/2 to 2 inghes thick interspersed be.

tween the shale. The weathered surface of this

section consists of light-gray, flaky, shale par-

ticles and gray, limestons flags, . . o o . , . . .« 27,0
38, Boil-covered slope, Believed toc be underlain by

BLLLATODE & . v it i et i e e e e ey e 8.0
Tetal measured thickness of Point Peak shale membar. . o 153.4

Morgan Creek limsstone member:

37, Limestons, 11ght gray, fine grained, slightly

srenacecus (sand graina are scattered and are of

ooarse to medium sise), in beds 2 to 4 inchea

thick. Weathered surface is irregular and gray

uoolor...................... 15



35.

33.

32,

3t.

30.

28,

Faot
Limeatone, 1light gray, fine grained, arenaceous,

glauconitic, in beds 3 to 5 inches thick., Weathers

10 a chocolate-tan 60lor. « 4 ¢ v« s 0 o s v 0 e . 48
Linmestone, gray, medium grained, slightly glau-

conitic, well bedded in bads about 4 inches thiok,
Weathered surface is th and grayish yellov in

OlOT + ¢ ¢ ¢« v v o e v s s s s s s s s sees 85
Limestons, grayish white, medium grained, slightly
glauconitic, beds 2 to 6 inches thick, separated by
very thin shale partingde + v o 2 o v 4 2 2 s s 0o s 6.0
Bicherms, gray to purple, poorly exposed, up to 1.5
foet in diameter. Weathered surface 1s a dark gray.. 1.5

Limestons, pesrl gray, grained, a

fov soattersd greins of glauconite, beds 2 to 6

inches thick, Weathers to a mottled gray . . ., . . 8.0
8o1l-covered slope, Probably underlain by white,
mediun—grained, 1imestone . . .+ . 4 ¢ 4 0 0 200« 3a2
Limestone, white, medimm grained, fossilifercus, in

beds 3 to 4 fnches thick. The beds are separated

by thin arenacecus, glauconitic, gray, shals part-

ings, Weathers to a medium gray. « « +a o o s o o 2.0
Soil-covered slope. Probably underlamin by gray to

vhite, nedium- to fine-grained, bedded, limestens . 3.4
Bicherms, dark gray, small, average two feet in
diameter, apparently more resistant around the



25,

23,

21.

65

Yoot
aircusference than in the center as weathering pro-

duces & domut affect. Individual bioherms are 3

to 6 inshes thick., Yhe bioherms are ocmposed of a

11ght gray, somevhat lithographio limestons . . . . 1.3
804l d slope. P ], derlain by gray to

white, medium- to fine-grained. 1imestons. » » ¢ o « 37
Limestons, gray to white, fine grained, slightly
glauconitio, veryslightly arenacecus, in beds 2 t0

6 inehes thick. Weathered surface is smooth and

yollow gray 1B 001OF: o o s ¢ o o s s ¢ s s 0000 14.0°
Limestone, pearl-gray, fine-grainsd, glaueonitie,

in beds 2 to 6 inches thick. Weathers to a

MOLELOA GTAY: ¢ « o o v o s s 4 ¢ ¢ v s e v o0 2.0
Soil-coversd slope, Probably underlain by white o

grey, medium~ to ﬂw(nin-d‘ 1imeston® + » « o o o+ 27,0
Linestone, vhite to pearl gray, fine to medium

grained, faintly glsuconitic, in beds 2 to 6 inches
thick, Beds seperated by very thin partings of gray
shale., Weathers to a dark ta%. « « « o s s » o o s 16,0
Linestons, white to light purpls, coarse grained,
arenacecus (sand grains are medium coarse), fossil-
iferous ( possibly cystoids ), in:beds 4 to 8 inches
thick; veathers to a Airty vhite. . o s s s e e+ s 32
Limestons, white to pearl gray, nodium-fine-grained,
glauconitic, fossilifercus (oo identification possivle)



Peot
in beds 1 1/2 to 6 inches thick. Rather resistant,

weathers to a smooth, light-gray surface. . . . . . 1.5
20, Boil-coversd slope, probably underlain by gramler,

slightly arenacecus, glauconitio, white to purpls,

1imestone « « v o v s s s e b st e na e e 34d
19, Limestons, purple to white, medium grained, slightly

arenacecus, glauconitic (glauconite ccourring in

small soattersd grains), in beds 2 to 4 incbes thick,

rather resistant to weathering. Weathered surface

is mooth and 1s 1ight chocolate in color . . . . o 2,3
18. Limestons, white to dark purple, medium grained,

a: " d, large grains of

glauconite, well bedded vith beds 2 to 3 1/2 inches

thick, Weathered surface is rouned and hes a

distinot spongy feeling vhen struck with a hammer.

Hnﬂ»ratolpurpluhtm.........-... 9.5
17. Boil-covered bench, gently sloping, lightly vege-

tated, believed to be lower portion of transition

sone between Morgan Creek limestons and Welge sand-

BUON® & & v 4ttt e e et e e e e e 10,2
Total measured thickness of Morgan Creek limestons
-b-r....‘.......-............Jm

Welge sandstons member:
16, Sandstons, 1ight yellow to brown, medium to fine

grained, limonitic, nonegl tie, non-fossiliferous,



67

Yoot
massively bedded, rather resistant, Recomposed

sand grains have a distinotive glitter in the sun-
light. WVeathered surfuce 1s a dark reddish browvn . 20,7

Total measursd thickness of Velge sandstone member . ., . 20,7
Riley formation:

Lion Mountain sandstone member:

15.

4.

13.

8andy soil, yellow to brown, oontains rumercus hema-
tite nodules. A few flags of "trilobite hash® are
found at the base of this slope, A fresh sxposure
would epperently consist of highly glauconitie,
medius-grained sandstone containing a very few
lenses of 1i 4 of fra of trilo-

biur-nh-.................... 14.0
Linestone, composed of "trilobite hash® eoquine,
Mlmnmbytmmw-orhi‘hlyghmo-

nitio sand, in beds 2 to 4 inches thick. 8lope
partially coversd by sandy s0il and hematite

BOGULOE ¢ ¢ v vttt e e v h e e e e e e s 8,0
Sandy soil containing hematite nodules and limestone
flags of "trilobite hash”. Prodably underlain by

bighly glauconitic sand interbedded vith lenses
or‘trilobimmh"zuzimmthlek...... 220

Total measured thickness of Lion Mountain sandstone
l-b‘r......._.................. 31.9



Cap Nountain limestone member:

12,

1.

10.

9.

7.

Limestone, light gray, fine grained, arenacecus,
only slightly glsusonitic, in welledefined beds

1/2 to 2 inches thick, Uuth..rodmfhoohh-
rmhrlndpltw,lndhyvnovhwh
oohr.......................
Limestone, pearl gray, fine grained, well bedded in
beds 2 to 3 inches thigk. It is very hard and ree
sistant, and weathers to a smooth surface that is
drty tan dn codor, o b v v u ... .,
Livestons, white, comp almost entirely of trilo-
bite remains and gl ts. The gl te shows
very little veathering., The limest. is very hard

ndmi-hntmhinbodxztol.inoh-ma.
?homthlr.dmfmhbmvntomw...-
Limestone, light gray to tan, fine grained, slight.
1y glauconitic, very hard and resistant; in beds
2 %0 4 inches thick, Weathered surfage is smooth
nnddnrkmyinoohr...............
Linestone, white to purple, medium to fine grained,
glauaonitic, sontains numercus, well-rounded, small
grains, Thin bedded with a weathered surface of
d-rtmtuodw.................
8otl-covers} bench, probably underlain by whits to
gny,;huooniucnlubm.........-..

1.5

1.5

5.0



6.

5,

by

3.

2,

1.

Yoot
Limestone, whits to yellow, fine grained, glauco-

nitis, arenacecus, fossiliferous ("trilobite hash®),
thinly bedded. The weathered surface is a mottled
QIPLY EYAYe « o ¢ o v o s o 2 s s s b e m 0 s ae s 25,0
801l and vegetation-covered bench, apparsntly
underlain by arenscecus 1imesion® . « « « « « o+ s 5.0
Limestone, whits, fine to medium grained, glauco-
nitie (glauconite is scattered but is somewhat con-
centrated in poorly defined bands), foasiliferous
(thin "trilobite hash" beds), in beds 6 to 18
inches thick. Weathered surface is dark browm to
BT8Ye o = o s v o o o s s v o s 20 08 0 v vase hS
Limestone, gray to ysllow, slightly arenaceous,
slightly glausonitic. Weathered surface is 1light
Erey to tAM 4 . s 4 s s s e e s e e e s s 0.8
Linestone, white, fine grained, glauconitic (glac-
conite concentrated in poorly defined horisontal
bands), in beds 6 to 18 imches thick. Weathered
color 18 @ BIPLY gPAY « v ¢ o s o 1 s s e o v o 0 9.8
Linestons, white to pearly gray, orystellins, fine
grained, contains many small grains of glauconite
and numercus small yellow patches due to the

thering of gl ite, in thin well-defined
beds. The weathersd surface is fairly smooth, bmt
with mumerous, small, rounded humps, and is &
Arty-gTay 00loFs » s o b e s s s e s s e s e s 10,2




Foot
Total measured thickness of Cap Mountain limestons

mr.hnnotoxpom................m
Total nsasured thickness of $80tom. « = o o + o o » + o 12k



MEASURED SEQTION OF THE LION MODNPAIN SANDSTONE
The base of the section is loocated at the river's edge on the
east side of the James River :m--v from Jefferies' Bunting Camp approxi-
mately ons foot above the base of the Lion Mountain sandstone. The sec~
tion p ds up: ( ) along the bluff vhich forms the west

bank of the river at this locality. This sestion vas measured because
the fresh sxposures at this locality allow a very good desoription of the
1ithology of the member.
Thickness of
Interval
Yoot
Riley formations
Lion Mountain sandstone member
5. B8and, shale, and limestone. Sand comprises most

of the unit, and is medium to fine grained, white

to green, highly glauconitic, shaley, cross

bedded, in beds 1 1/2 to 8 inehes thick, and

weathers 0 a brownish gresn. The shale is gray-

ish green to tan, arenacecus, glaucomitic, in

beds 2 to 4 inches thick, and beoomes much less

abundant in the upper part of the umit. The lime-

stons oonsists of lenses of "trilobite hash"

vhich have & maximum length of 48 inches, and a

maxizmm thickmess of 6 inches, Most of the lenses

are about 12 inches long, and 1 1/2 inches thick.

The limestone lensss beoome smaller and less

abundant in the upper part of the unft. ¢ . . « « « 29.0



4.

3.

2,

1.

Foot
Sandstone, brownish green, fine grained, shaley,

glauconitis, in beds 1/2 to 2 inches thick. This

unit contains a phenomenon whioh appears to be a
wors~like fossil., The feature rengea from 2 to 10
inches in lsngth and is usually one-eighth to one-
fourth of an inch in diameter. It 1s a 1little

trowner in color than the enclosing rock, The unit
woathers to a dull gray brown « + « ¢ o » « s s ¢« s 1.2
Sandstone, in alternmating layers of fineegrained,

shaley, sandstons, and laminated, very highly glau~
oonitic sandstones. The beds of each are sbout 3

inches thick. The shaley layers are the more re-
sistant of the two types, and form a stair-step

effect on the outerop. The shaley sandstone is green

to gray, and weathers to e dull, gray black, The
glauconitic sandstone is bright green, weathering to

B dull Gray Green o o ¢ s o s s s o s s o s e o s oo kb
Sandstone, brown to green, madlum to fins grained,
highly glauconitio. Splotches of purple are present
which apparently sre a result of the concentration

of hematite which represents ons stage in the forma-
tion of the hematite nodules. « « + « « o s+ o o o 0.8
Limestons, coquina of trilobite remains, gleuconitio,
very hard and reBistant o « « s 2 ¢ o o s s 0 s oo 103



”

Fout
Total meacured thiekness of Lion Mountain sandstone

MOEDOr o + s s o b s e v e s s s e s e s s eanse I
Total measured thickness of seotion. + o« « o o ¢ ¢ ¢ ¢ » 3751



K

MRASURED SECTION OF THE MORGAN CREEK LDESTONE, WELQE SAMDSTONE,
LION MCUNTAZN SANDSTONE, AMR QAP MOONTALN SANDSTONE AROUT QNE
mmnm'mmm

The base of the seotion is in the upper Cap Mountain limestons
at the river's edge 0.8 uiles downstresm (northeast) from Jefferies'
Hunting Oamp. The section was 4 southeastwerd to the Morgan Greek-
Velge tast. This 13 tains few frosh exposures and is partial-

1y masked by soil cever, but contains unfaulted thieknesses of the Welge
and Lion Mountain members in the Upper James River area. ’
Thiakness of

Interval
Fost

Wilberns formations
Morgan Creek limestone members
5. Limestone, dark purpls, medium grained, slightly
glauconitic, very arenacecous, fairly well bedded
in beds 1 1/2 to 3 inches thick, Weathers to a )
rounded surface whieh is purple in 00loTs « « o o » 3.0
Total measured thickness of Morgan Creek limestons
BOMDOT 4 ¢ s ¢ v s s st er s st e 210
Welge sandstons Member:
4. Sandstone, light yellow to dark brown, medimm to
fine grained, limonitic, non-fossilifercus, non-
glauoonitic, rather resistant, covered with an abtun~
dant growth of turkey pear, prickly pear, mesquite,
and tuck brush, Recomposed mand grains that glitter
distinotively in the sunlight are common, The



K¢

Feot
weathered surface is irregular and rounded.

Weathers to a yellow brown to dark purplish brovn . 22,0
Total measured thickness of Welge sandstone member . . . 22,0
Riley formation:
Lion Mountain ssudstone member:
3. Bandstone and limestons. The slope is partially
coversd by soll. The sandstons is green to brown,
nedium to fine grained, highly glauconitic, well
bedded and cross bedded, The limestone ocours as
lénses of highly indurated fragments of trilobite
B . X ]
2, Alluvium in river bed. Believed to be underlain by
glauconitic oandstone « . « s ¢ 5 6 s 0 e 0 00 s . 10,0
Total measured thickness of Lion Mountain sandstone
BOMDOL o . 4 4 e o 0 s s s o s e s s s s 00 s v e e 380
Cap Mountain limestone member:
1. Limestons, gray to vhite, medium to fine grained,
glauconitio (the glausonite ococurring in very fine
grains), slightly arenaceous, in beds 1 1/2 to 2
inches thick, very hard and resistant to weathering.
Woathers to & 14ght @X&¥. o ¢ 4 v o o o 5 s o o o o 2,0
Total d thiokn of Cap Mountain limestons

MORDOY « « o o o « o s v s s 00 0o 0 ss 0o oo 220

Total measured thickness of sections « « « o o » o 4 o+ o £8,0



HEASURKD SECTION OF ZHE SAN SABA LIMESTONE, mmzmm

AND NORGAN CAERX LIMESTONE IN IHE JOUTIME
EART OF IHE UPPIR JAMES RIVER AREA

The bass of the seotion is losated st the river's edge on the
west side of the Jamss River 0,6 miles upstrean {southwest) from Jefferies'

Runting Camp. The section was measursd to the southwest,

Thickness of

Interwal
Feot

Wilberns formation:

San Saba limestons member:

42,

41,

39.

Linestons, gray to yellow brown, fine grained to
sub-lithographie, slightly arenacecus, slightly
glanoonitie, in beds 1/2 to 4 inches thiek.

Weathers to a light gray vith meny yellow stains. . 56;0
Limestons, white to brownish gray, medium to coarse
grained, in beds about 3 inches thick. Weathered

surface is gray to white vith a #light pinkish

L T S O [ X
Sandstone and limestons, interbedded. The sand-

stons 1s yellov to red, fins grained, and medim

bedded. The sandstone gets progressively redder in

the upper part of the unit, The limestone is gray

to vhite, fine grained, arenacecus, and fossilifer-

OUB + o « v 2 o s e a s o s s s s savaseses 340
8Soilecovered slope. Believed to be underlain by

Limeston®ee o s o ¢ e o o s s s s s e n 2 e AD



38.

Yoot
Limestons, yellowish brown to gray, fine grained,

slightly glauconitic, beds variable in thickness
and ranging from 1/2 to 5 inches in thickness. A
fou thin shale partings are found between the

1 11 beds, Weath to a yellovish
BFOWE « ¢ o o 5o s s ¢ s s ¢ o oo usossosas 5.5

Pault with the San Saba member. The direction and

amount of throw could not be determined.

37,

35.

Limestons, yellowish brown, medium grained, slight—

1y glauconitic, in beds up to 1,2 fest thick,

Weathers to a smooth, tan SUFrface . « « + + « « « o 48
Limestone, gray to ysllowish brown, medium grained,
glauconitic, thin to medium bedded. The beds grade

from thin to medium thicknesses laterally. Weathers

t0 A 1ight GraAY ¢ ¢ o ¢ s ¢ s s o s s 0 s s e e e 120
Linestons and shale with the limestone beds separated

by the shale beds. Limestone is white to gray, fine
greained, in beds 1/2 to 3 inches thick. The shale

is light gray, caloarsous, and ogcurs in beds 1/2

te 1 inch thick. The limestone and shale weather to
awood aBh ETAY & ¢ ¢ s v 4+ s s s s s e e e 90
Limestone, gray to purple, medium grained, highly
glauconitic, fossiliferous (Qirvenella), bedded in

beds 1/2 to 4 inches thick. Weathers to a ysllow

EPAY: o 4 ¢ o o s o s s s s s en e e u e 10



33.

Yoot

‘Limestons, grayish trowa to yellow, medium grained,

rather resistant. Thick bedded vith beds wp to 3.5

feot thick, Weathers to a smooth ysllow surface. . 11.0
Limestons and shale. The limestone makes wp more

than 508 of the interval and is gray, fine grained,

in beds 1/2 to 3 inobas thick. The limestons beds

are ssparated by thin shale partings. The shale

beds are gray, caloarscus, well bedded in beds 1/2

to 1 1/2 inches thick, and are easily eroded. The
limestons veathers to a yellow brown, while the

shale veathers t0 & dull gray « « « « ¢ o o o s o o 150

Total measured thiokness of San Saba limestone member. . 228,31

Point Peak shale member:

.

30,

Bioherms, pearl gray, sub-lithographic, as large as
15 feet in diameter and 5 fest in thickmess.
Distiliot, cabbage-head structurs is exhibited on
the upper surface of the bich The bioh

are very istant to ing and her to a

light gray to tan o o o & ¢ ¢ o s o 0 s s s s o o o 150
8hale end limestone. The shale comprises about 90%

of the unit and is greenish yellow, caloareous,

thinly bedded and weathere to a dull gray gresa,

The 1. 1a more ab in the lower part

of the unit and is light gray, fine grained, thinly
bedded, and weathers to a dull gray « ¢ « + ¢ « « o« 35.0



a8,

25,

Teot
Shale and intraformational oongl The shale

is greenish yellov, oaloarsous, in thin beds t to 3
inohes thick. The conglomsrats ie composed of flat
pebbles of shele and siltstons and ocours in beds 3
to 5 inches thick. The shale and conglomerate make
up about equal portions of the unit. Some huge rip-

Ple marks ocour at this level, They have a wave length
of 3.2 fest and an amplitude of .5 feet, The rip-

Ple marks trend in an east-west direotion . . . . . 40.0
Biocherms, pearl gray, sub-lithogrsphic, large, up to
7 fost in dlameter. Cabbage-head struot 1 ap-

parent, and some of the resfs have a surface struo-
ture that resembles brein whorls. Numercus small
shale and siltstone pebbles that resemble the pab-
bles found in Point Peak intraformational gon-

[ are & in some of the bloberms
of this SOT®: « s s+ ¢ s s s s v a e v e s s 60
Shale, yellowish gresn to green, calcareous, thin
bedded with bods 1/2 to 2 dnches thick. « « » « + « 15.0

Bicherms, pearl gray, medium sised with soms as
large as 48 inches in diameter. They weathar out
into large, round, gray boulders, A few of the
bichers exhibit a domut erosional effest . . . . . 3.0
Shale and limestone, The shale makes up most of
the unit and is tan to green in color. It is in



Peot -
beds 1 1/2 to 3 inches thick, The limestone is
white to gray, fine grained, glsuconitic, and well
bedded in beds 1 0 2 inches thioke « « o « o o o o 19,0

Total messured thickness of Point Pesk ahale member. . . 133.0

Morgan Creek limestone members

2.

23,

21,

20.

Li and siltst Limest: is gray to

brown, medium grained and in beds B %o 12 inches

thick. The siltstone beds make up less of the

section than the limestone beds. The siltstone is

gray, caloareous and bedded in beds about 4 inches

thick. Both the limestone and siltstons weather
tadull EPaYe » ¢ o s e 2 b s 0o s v s v s 37
Soil-covered slope., Believed to be underlain by
14MOBLONE « o o v o s s s s s e s 2 s s e e e 5.5
Bicherms, sub-~lithographic, pesrl gray, large, up

to 8 feet in dismeter and 3 feet in thickness.
Cabbage<heed structure is dim, but apparent. They

often weather out into a donut pattern. The

weathered surface is light to dark purplish gray. . 8.0
Limestons, pearl gray, medium-fine-grained, fairly

well bedded in beds 2 to 6 inches thick, Weathered
surface is gray to wood ash gray. « » + « « + + + « 19.0
Bioh sub-lith hie, pearl gray, small, up to

24 inches in diameter and 8 inches in thiockness.
They weather out into round boulders with & dull
purplish-gray surface o « « « s ¢ s s+ ¢ o 2 s a0 s 15



19.

18,

17.

16,

15.

1.

13.

Test
Soil-coversd slope. Belisved to be underlain by

ray; fine-grained 1imestone. . . « « + s ¢ » s o o 10,8

Shale and 1i is a ing layers. Shale

is yellowish green, oaloareous, glsusonitie, poorly
bedded in beds 1 to I inches thick and in layers wp

to 18 inches thick., Weathered color s a dull

grayish green, The limestons is light gray, fine
grained, shaley, slightly glaunconitic, well bedded

in beds 4 to 8 inches thick and in layers up to 36
Inohes thiok: o « ¢ o s ¢ 0 s 0 o s 60 o a0 450
Limestons, yellovish green, shaley, arenaceous,
maseively bedded, sasily eroded. Westhers to a

wod 88h EIMY ¢+ ¢ ¢« s s s s s v s s s s e e 3T
limestone, pearl gray, sub-lithographie, well bedded

in beds 1/4 t0 2 inches thick, The beds are separated
by very thin stringers of shale. Weathered surface
isagraylshtan, o o« o s o ¢« e o c v s s csaas 0.5
Linestone, pearl gray, medium to fine grained, very
bard and fossiliferous. The fossil appears to be the
brachiopod Boprihis iexanna. Weathered surface is
smooth and 14ght gray 1n 00loFs « & « » » s s « o s+ Yob
Shale, yellowish greem, celcareous, poorly bedded.
Weathers t0 8 wood 88h ETAY ¢ « ¢ v ¢ o« + 2 o o s« Tk
14 s mostly 4 posed of trilobite re-

nains, very resistant, green to gray on weathered

BUrfa0® ¢ « ¢ « ¢ o ¢ ¢ s o s s o s s a0 s e O



12,

1.

10.

9.

8.

7.

Fout
Limestons, gray, fine grained, glauconitic, arensce-

ous, silty, bedded in beds sbout 2 inches thick.
Weathers €0 8 Gray greefi. « « « o ¢ « « ¢ ¢« o ¢« s s 0.5
Limestone, pearl gray, medium grained, slightly
glasuconitic, well bedded in beds 4 to 7 inches thick,
Weathers %o a grayish tan « « ¢ ¢« s s o o s o s o 3.7
Limsstone, greenish tan, fins grained, arenaceous,

wilty, slightly glauconitio, Weathers to a dull

EPAYs ¢ s s s v i s s s v s e ne e s s aasne 16
Limestone, psarl gray, medium to fine grained, glau-
conitic, slightly arenaceous vith the sand grains of
medivm zise and well rounded, poorly bedded in beds

2 to 3 inches thick, Weatbers to & wood ash gray . 2.0
Limestone and shale in altermating layers, The
limestons 1s 1ight gray, medium to fine grained,

"faintly glauconitic, and rather resistant, found in

layers 12 to 18 inches thick, The shale is yellowish
green, culoarecus, in layers 6 to 12 inches thick,

and 1s sasily eroded. VWeatbered surface of sand and
shale 15 A AIrty gray ¢ + ¢ « c s s s s s s e s e 85
Limestone, white to light gray, medium to fine

grained, glauconitic, bedded in beds 6 to 8 inches
thick, Weathered surface is smooth and dirty gray

N OLoPe o « e s s s s v s s e s e s 49



5]

Yoot
6, Shals, greenish yellow, calgarecus, contains some

fineegrained sand, Eeaily eroded, in beds 2 to 4
inches thick., Weathers to a light wood ash gray. . 1.5
5. Limestone, greenish gray, fine grained, glauconitis,
arenasecus, silty, in beds 2 to 3 inches thick.
Weathers £0 @ Grty EPRYe « « e » « s ¢ o ¢ ¢ o s o 2,6
4. Limestone, fine grained, gray to light purpls,
glausonitio, slightly arsnacecus, wall bedded.
Weathers t0 & 1ight graye « ¢ « 2 « o s s a5 0 ¢ o 30
3. Limestome, gray to purple, medium to fine grained,
arsnececus, silty, in beds 6 to 12 inches thick.
Weathered surface is irregular and grayish brown in
@lOF o o« » s e s s s s sasaosssasesne 65
2. Limestone, gray to light purple, medium grained,
arenaceous, glauconitic, in beds 8 inchee thiok,
Weathered surface is smooth and light gray in
OJOF ¢ « s ¢ s s s s e s s v s e s 22
Fault, Completely within the Morgan Creek. The throw
oould not be detsrmined.
1. Limestone, purple, ium grained, glsuoomitic,
very arenaceous, well bedded in beds 6 to 12 inches

thick, Weathers to a tamnish purple. Rippls marks

are found at the top of this unit. They have a

wave length of 7.5 inches, and an amplitude of 2.0
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