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ABSTRACT

The Willis formation has lona been a source of much discussion
and confusion among geologists of the Gulf Coast, and today many of
the questions concerning it remain unanswered.

The Willis 1is distinguishable 23 a8 coarse gravelly sand, red or
reddish-brown in color but grading to pink, yellow, or brom. It 1s
dominantly & coarse sandstone peppered with pebbles and granules of
quartz and chert, and the whole cemented with ferruginocus clay and
limonite.

It autéropa in 8 belt of disseéted ridges and cuestas, typicelly
covered with & dense grovth of trees and shrubs, through portions of
FKewton, Jasper, Tyler, Polk, San Jacinto, Walker, Montgomery, Harrils,
Waller, Grimes, Austin, Colorsdo, Lavacae, and Dewitt Counties in
Texas. In Dewitt County, it is overlapped by younger formations and
disappears to the southwest. O(n the east, it continues into Loulsians.

¥o fossils have been reported from the Willis. It is overlain
by beds of the Plelstocene and underlain by beds of the Pliocene, so
from the superposition of beds, 1t is Lover Pléistocene in age.

The Willie was deposited by swollen, surging rivers on s broad
flat plain near sea level as the rivers dlscharged their loads carried
from a regilon of greater relief., These river deltas coalesced to
form & continuous blanket of material. Erosion has since removed the
upstreas portion and the ¥illis now found at the surface is part of

the plain developed st a distance from the mouth of the streams.



The gravels of the ¥Willis formation are the chief source of
gravel for roed surfaces and for concrele sggregate on the Gulf
Coast.

Vaeter bearing sands of the Willis formation form the most
productive aquifer on the Gulf Coast. It ls extensively produced
for both public water supplies and industrisl purposes and preferred
because of its softness and low mineral content.
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sticn has long been a source of conslderabls

aiscussion sumg geologlets of the Culf Cosst, and many problens
concerning 4% remaln uowolved, It oulerope in a belt of disgected
ridgos end cuostes, often covered with a dense grovth of frecs and
slevila, in portions of Hevton, Jasper, Tyler, Folk, Sen Jascinto,

wery, Velker, Horrds, Grimes, Weller, Austin, Colorsdo, Laveco,
el Dowddt Comties. In Dewitt County 4 pinches out and dlseppeora
to the southwest. 7o the east, it contimies into Loulsions, The
coarse red pend sod grevel of the Willls distinguishes it from the
sdiacent forpations end nekes 1t & meppable unid,

Ho fosslils bave besn reported from the formetion. It 1s overs
dain w Pleistocone beds and underlain by Pliocene beds, both uncone
fornsbly. The Willis 4s bere considered Plelstocens.

e slject of the Willis formstion wes chosen for severel
vesscon. Flret, it was the source of much confusion and consternetion
soong geologists of the Bulf Cosst as to its age, extent, end cor-
relation. Second, it i3 very Lmportent ecomonically es the principle
source of vater for Douston sod the cosstel citics. Laestly, 4¢ cute
erops in en ares near thp University of Bousnton end, such o resesrch
tance to Douston than & otudy of eone distant

project ie of more Lupor
fostbure.

ertalion in the summer of 1050. The outcrop ves
nepred Srom the Sodine River 40 Dowits County viere it disappesred
m Wﬁnﬁ? ﬂf m POHCORIIRLSa T




clockad by spesdometer and plotied on county roed meps, with a
scele of 2* equals one nile, obtelned frog the Tezas IMighwoy
arbmant. Careful descriptions wvere mede at all principls

practical,

In the preperstion of this thesis, the writer is indebted
to soveral persons, without vhiose help this could never have
been written. The writer wishes to acimouledge the lnvalunable
advice end eriticlsm offered by Professor A. A« L. Mathews, his
faculiy advisor, and thet of Dr. Gearge B. Somers, Dr. Paul K.

Fou, and s, loulse Herrington of the Geology Depsriment of the

University of Doustom. The writer aiso wishes to scknowledge
the work dome by Mles Susan Calnom in the typing end final proe
paretion of this thesis.
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STRATIGRAPHY

URNDERLYIRG PORMATIONS
KIOCENE SERIES

FLEMING GROUP:

Kennedy? first described the clays and thin sandy beds lying
betveen ‘the Catahoula sandstone and what he referred to as the
Lafayette sands in Bast Texas. These he named Fleming after the
exposures near Fleming Station (now Hampton) on the Missouri,
Kansas, and Texas Ballroad in Polk County.

Deussen? introduced a nev pame, the Devitt formation, for &
series of beds in South Texas which occupies gbout the seme strate
igraphic position as the Fleming although he himself comnsidered
this a facies of the Fleming. Dumble3 divided the same serles of
beds into the Oakville, lepars and Lagarto formstions. The Lapara
\was subsequently shown to ﬁa separated from §he underlying clay by
& prominent unconformity end was placed in the Goliad formation
above. The Lagarto was redefined to include the clays lying between
the Oskville sand snd the Lapars sand. This was rather a drastic
change since it put the beds Dumble originally named Lagarto well up
in the Galiad‘ formation, above the Lapara. This drastlic emendation
vas deemed Justifiable in order to preserve the name Lagarto for the
clay sbove the Oakville since it had e'ajpyed such wide scceptance

and usage.

J’Kennedy, W.r A Section from Terrell, Xeufman County to Sabine Pass
on Gulf of Mexico. Texas Geol. Survey Annual Report, 1892,

2Deusaen, Alexander: Geology and Underground Waters of the Southeastern
Part of the Texas Coastal Plain. V. . Geol. Survey, Water Supply
Paper 335, 1914

BMblgéh E. T.: The Cenozoic Deposits of Texas. Jour. Geol., Vol. 2,
1894.
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The neme Flening bas been preserved as & group name {0 include
the Uakville and Lagarto formations, since it is considersbly dif-
ficult to separete the two formations east of the Brazos River.

In Bast Texss, the Fleming is distingulshed by iis yellow,
gray, greenish or black clays vhich weather to a black loaay soll.
Calcarecus nodules are common and occesionally thin limestons
ledges may be seen. The basal beds ars slightly more sendy than
the upper ones, and all are mmma. Revorked Cretaceous fossils
are comnon, and pyraclgstics are rare. ‘

The Fleming group in central am% Mth Texas has been divided
into two formations, each of which will be discussed below in strati-
graphic order.

OAKVILLE FORMATION:

. *!‘he Qakville mrmation vas named by Dumble for exposures along
tba Hué;au River near Oskville in Live Oak Cmmty‘ it is in reality
& sandy phase of the Lower Fleming and grades laterally and vertically
into clay. Dumble ﬂrigipally considered it as restricted to South
Texas and correlated it with the Lover Fleming. It has since been
shown to outcrop more or less continually from Grimes County south-
west through Duvel County. From Duvel to scuthern Starr County it

{2 overlapped by Pliocene beds, bubt outerops elong the Rio Grande in
Sterr and Hidalgo Countles. Hortbeast of Grimes County, the sand-
stone changes to s clay facies and with fev exceptions cannot be dif-
ferentiated from the lLagarto clay. One and @ gquarter miles north of
Cold Bpring, San Jacinto County, and near Burkeville, Newton County,
are isolated ocutcrops of a sandstone not unlike the Oskville sandstone



PLATE

Oakville Outcrop
- Near Ealletsville, Lavaca County

Oakville Quterop
1-1/h Miles Horth of Coldspring, Sen Jacinto County



LAGARTO FORMATION:

The Lagarto formation was originally named by Dumble for Lagarto
Creek In Live Osk County. Working in this area, he divided the beds
between the top of the Oakville and the base of the Pleistocene into
two dlvidions. The upper clay section vas named lagarto and the Lower
sendy section, lLapara. Between the Lapara and Oskville i3 an impor-
tent clay section five hundred to s thousend feet thick, which also
came to be known as the Lagarto since Dumble originally thought the
lapara vas present anly along the Nueces River and overlspped else-
where by the lLagarto. Later, the Lapara sand was shown to be con-
tinuous and.‘ta have & prominent unconformity at itz base, and vas
therefore placed in the Goliad formstion, The clay sectiom ebove the
Lapara wvas emended to the Lagarto Creek clay, while the section below
vaa namea the Lagasrto formation since that name, though errcneocus,
bad enjoyed such & wide usage and acceptance. The type section for
the Lagarto formation was emended to comprise exposures salong the
Brenham-Houston highway just west of the Brazos River bridge in
Washlngton County.

The Lagarto ocutcrops in & belt roughly parsllel to the present
coast line and immediately south of the Oukville ocutcrop, from the
Sabine River to the R;o Grande except where it is cbscured by
Plelistocene deposits. Down dip it occurs as s marine facies in wells
drilled near the coast and 1t is typically a clay section with
occasional lenses of sand.

In outcrop, the lagarto occurs as a yellow, yellowish brown,
reddish, gray~green, or black massive élay which forms a rolling
topography and which weathers to a black loamy soll. It is very
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Typical Fleming Topography and Vegetation
Grimes County

Lagarto Clay Outcrop, Two iiles South of Hempstead
Waller County
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similar to the Oskville except for its greater proportion of clsy.
Like the Oskville, it is calcareous and contains numerous limy
nodules.

The Lasgarto contains redeposited Cretaceous fossils, marine
and brackish weter invertebrate sheels found in cores of deep wells,
and bones of land vetebrates found along the outcrop. These faunas

indicate 8 lale Miocene or possibly Xarly Pliocene age.



PLICCERE BERIES

GOLIAD FORMATION: ‘

The Goliad formation was named by I. K. Howeth and P. F.
Martin for Golied, Golisd County, where it is typically exposed
along the San Antonio River. They included in their original
description all the beds between the top of the lagarto cley
(83 emended) and the base of the Lissie. In the type sectiom,
this division is quite satisfactory, since the Willis is missing
here and the Lissle rests unconformably on the Goliad; however,
to the northeast, the ¥Willls outerops between the Gollad and the
Lissle.

‘The Goliad outerops in & belt roughly parallel to the present
cosstline in Centrsl snd South Texss, except where it is obscured
by Pleistocene sands. HNorthesat of the Colorado River, the forma-
tion becomes dominantly @ clay end virtually indistinguishable from
the Lagarto clay. The Goliad s present portheast of the Colorado
River at least as far as the Sabina‘ River and also it is present as
an upper member of what 1s now mapped as Fleming clays. In San
Jacinto, Polk, Tyler, Jasper, and Eewhon Counties, there occurs in
the upper portion of the Fleming a sériea of clays which bave the
peculiar mottled pink, green, and purple shades that sre similer to
those found in the Goliad in Lavaca and Dewitt Counties and yet
completely different from the dull green, yellow and black of the
typical Lagarto. HNo attempt was made t0 differentiate betwveen these
clays, but rather they were 2ll consldered &s Fleming.
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It must be noted that the considerable thickness of the
Pllocene section found in wells near the coast requires a rapid
thickening of section in the subsurface not far from the sur-
face outerop, if such existas. The upper portion of what is now
mapped a3 Fleming, in Bast Texss, may well be the feather edge
of this overlapped Pliocene section. Wells drilled along the
south edge of the Willis outcrop encounter pink ¢lays end gumbo
and some sands at depths too deep to be Willis, and this may .
"well be part of the Pliocene:gection’.

The Goliad formation in central Texas may be divided into
three m@mherss. The lowermost, the Lspara sand, consists of a
coarse sand and canglommtc with cross-bedded sand and linmy
clay. Color varies from red or pink to white depending upon the
composition.

The middle member or Lagarto (reek clay consists of a
mottled pinkish-~brown and reddish limy clay resembling the
Fleming _claya, but bhaving & higher lime content and more pastel
shades. At the type locality, it 1a about fifty feet thick.

The uppermost member, the Labahia beds, consist of an upper
bed of grayish wvhite, medium to fine grained sandstone which
weathers to form bluish~black rough surfaced ledges; a middle
bed of greenish-gray, pink or reddish calcareous clay containing
white calcarecus nodules; and a lower bed of graylshewhite,

5Doering, John: Post-Fleming Surface Formations of Coastal
Southeast Texas end South Louisiana. Am. Agsoc. Petr. Geole.,
. Bully Voll 19, pp. 651, 1333,

sleer, F. B., et al.1 The Geology of Texas. Univ. of Texas
Bull., 3232, 1932.
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medium to coarse grained, calcareous cross-bedded sandstone
containing congleomeritic lenses of g:hert and quartz pebbles
and balls of green clay.

There is considerable disagreement among geologlsts con-
cerning the environment at the time of deposition of the Goliad.
Bome geologists believe that the deposition of the Gollad
resulted from the incressed flow of the rivers brought on by
the approaching glaclation and its accompanying increase in
precipitation. Others point to the presence of caliche, some
of vhich is belicved to have formed during Golliad times, as
proof of semi-aridity at the time, since as far es ve know
caliche s ;aroduced only under conditions where the rate of
mpératim exceeds the rainfall.

Sediments of the Goliad clearly revesl that it was deposited
by swollen rivers as & blenket of sand over the coastal plain,
since it bas all the characteristics of a8 fluviatile deposit.
The lower section contsins well rounded pebbles and cobbles
and clay balls and have the t;;pical cross~bedding of a river
deposit. In late Goliad time, the streams lost much of their
transporting pover snd became more sluggish, spreading their
fine sediments over s much broader area.

Paleontological evidence of the age of the Gollad is scarce.
Bome few vertebrate and invertebrate remains have been found and
are regarded sas Plioccene in age. Many of these remains are water
vorn and may have been redeposited from the Lagarto or Cakville

formations.
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OVERLIIHG FORMATIONS
PLEISTOCEKE BSERIES

LISSIE FORMATION:

The Lissie formation was named by Beussen7 for the town of
Lissie, in Wharton County, Texas, where it is typically exposed
sbove the Southern Pacific Reilroad right~of-way.

In the earueaﬁ reports written on the younger formations
they were reférred to as "Diluvium”, "Northern Drift" or "Orange
gend®. In 1831, mcﬁees described the Pleistocene deposits of the
Qulf and Atlantic Coast under the Lafsyetie formation, using
lafayette County, Mississippi, as a type locality. This work
vas videly read and sccepted and the name lLafayette became applied
to & great variety of gravel and sand deposits. Lafayette County
is located far in the interior of Mississippl and has since been
- shown to be in an area of Tertiary Wilcox. The name Lafayette
has been applied to gravel and ssnd formations ranging in age
from Tertiery to Recent and has therefore lost specific meaning
and bas been discarded.

Dumble? named these cosstal sands the "Equus Beds" gs & result
of the ﬁscmr:} of fossil horse bones in them.

dayes and Kennsdym proposed the name Colombia sand for this
formation of fine sands in East Texas, whiehfhey borroved from the

Atlantic Coast section.

7Deussen, Alexander: Geology and Underground Waters of the South-
eastern Part of the Texas Coastal Plain. U. S. Geol. Burvey,
Water Supply Paper 335, 191k, :

McGee, W. Jo: The Lafayette Formation. U. 8. Geol. Survey, 12th.
Annual Report, Paert 1,pp. 30%, 159L.

9Dumble, E. T.s The Cenozoic Deposits of Texas. Jour. Gecl., Vol. 2,

10 189k.

Hayes, C. W., and Kennedy, W.r 0il Fields of the Texass - Louisiana

Gulf Coastal Plain. U.S.G.8., Bull. 212:17%, 1903.

g
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Deussen believed the "Equus Beds" might not be the same age
as the Columbis sand, and, therefore, proposed the name Lissie for
the section above the Pliocene and below the Beaumont clay. This
name remains in general use.

Between the Llssle and Goliad lles a bed of sands and gravels
that bas caused considerable discussion among stratigraphers. It
bas been varicusly referred to as Citronelle!l, Lissiel2, "Unnamed
Pliocene“l3, Lover Mssi.elh, and Wi1lis*, The exact age is not
. known, but bas been placed as Pliocene, Pliocene-Pleistocene, and
Pleistocene by various authors. This will be discussed in detail
elsevhere 1n thls work, but the essential fact at this point is
that the formation between the Lissle and the Gollad is a definite
mappable unit, separate and distinct from the formations sbove and
" below it, end that the base of the Lissie as defined by current

usage is taken as the top of this formaticon.

The Lissie occurs in & broad belﬁ pamilelmg the coast between
the Willis or Gollad cutcrops and the Beaumont clay. It is continuous
from the Rio Grande to the Sebine River and into Louisiana, in & belt

-sbout thirty miles wide, but smeller tongues extend up into the
interior through stream gaps cut into the Willis cuests, and overlap
~the Willis am Fleﬁm un;:onfomﬁly.

' uﬁatson, G. C.: The Pliocene Citronelle Formation of the Gulf Coastel

Plain. U. 8. Geol. Burvey, Prof. Paper 98, 1915.

' lzBartan, Donald €.: Surface Geology of Comstal Southeast Texss. Am.
Assoc. Petr. Geols., Bulls., VOle 15, PP+ 1301; 1950

13plummer, ¥. B., et al.: The Gedlogy of Texss: Univ. of Texas Bull.
3232, 1932.

1uBauey, T. L.: The Gedlogy and Ratural Resources of Colorade Courty.

Univ. of Texas Sull. 2333, 1923. '

15poering, John: Post-Fleming Surface Formations of Coastal Southeast
Tdxad and South Loulsiana. Am. Assoc. Petr. Gedls., Bull, Vol.
19, pp. 631, 1935.

S |
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The lithology wvaries widely, dut is dominantly a silty sand
grading locally into gravel and clay. In the type locality, it is
s dirty~-buff to ashen-gray silly said, massive, and very soft and
unconsolidated. In Jasper and Newton Counties, and in other areas,
pdrticularly near the base, 1t may be very ferruginuous, containing
numercus limonite nodules and baving a slightly cosrser texture.
Near larger streams, such ag the Colorado, Brazos, Trinity,
Guadalupe, and Sabine Rivers, it 1s much coarser than in the Iinter.
stream aress. In Colorado County, near the Colorado River, very
coarse gravels are quarried from terraces of Lissie age and exten-
slvely used for road ballast and construction meterials.

The composition of the lissie varies depending upon the mource
of the sediments. In East Texas, the sands are considerably nmore
ferruginuous than in other areas due to the deposition of this part
of the Lissle by streame draining the ferruginuous Clalborne areas
of Bast Texas and Western Louisiana. Around the Colorado River
the sands and gravels contain a high percentage of igneous pebbles
snd granitic debris derived from the Central Mineral Region which
this river drains. In Bouthwest Texas the sediments are largely
derived from the Edwards Platesu and contain a high percentage of
limestone pebbles and debris as well as calcareous cementing material.

Sorting is usually poor in the Lissie. BEven the coarse sands
and gravels contaln a large smount of disseminated clay. Bedding is
not usually noticeable, although locally the sands may be cross-
bedded. Within the Lissie itself, there are nm&roﬁa unconformities

but few of these can be traced far enough to be of any use.
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One outstanding feature of the Lissle 1s its characteristic
topography. It forms broad flat, nearly featureless plains, quite
distinguishable from that of the underlying formations. These
plains are virtually tfeeless, most of the trees being confined
té creek and river bottoms.

Unfortunstely for the geologist, oubtcrops and exposures of
the Lissie are scarce and rarely good. Because of the topography
and elevation, our principle view of the formation is of the
weathered surface. Slope at the top of the Lissle is sbout five
feet per mile vhile its base, which is the top 61" the Willis is
sbout twenly feet per mile. This gives s thickening of about
fifteen feet per mile toward the coast from which a thickness. of
ebout one thousand feet is estimated at the present coast linem.

Fossils ere rare in the Lissie; however, some hones and a
fev invertebrates bave been found and determined. These bave
established the age as ?Leismcm', probably middle or upper-
lover.

It is this writer's opinion that the deposition of the Lissie
was closely connected with the gla;mtian that occurred in North
America eboudl the same time. Host anthors sgree that the Lissie
ig of fluviatile origin, and that it was deposited on & broad
plain parslleling the shoreline as the seaward-facing interstresm

equivalents of the upstresa river terrsces. It should be obvious

16Dcering, Jobn: Post-Fleming Surface Formations of Coastal South-
east Texas and South Louisisna. Am. ABBOC. Petr. Geols., Bull.,
’“OL,E’ PP 651, 1935.




PLATE III

Lissie Plain et Lissie, Wherton County, E!hoving
Typical Topography and Vegetation

T

lissie Plain Near kaﬁy, Waller County
Bhowing Typical Topography and Vegetation
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also that such a large volume of sand and gravels could only have
been transported by rivers vhich were surging torrents and cone-
stantly at flood stage.

During the glacial periods, the ses level was lowered due to
the ice cap on the land glving the streams a rejuvenescence equi-~
valent to uplift. Presence pf the ice sheet obviously made the
clizste much wore humid and greatly incressed the precipitation.

These swollen streams poured their burdens out on the broad
flat coastal plain to form the broad blenket of sands and silts
that remains today.

BEAUMONT CLAY:

The Beaumont clay was named by Hayes and Kennedf'f for the
expogures in the vicinity of Beeuwmont, Jefferson County, Texss.
It hed previously been referred to as Port Hudson, end "Coast Clays".
Hayes and Kennedy showed the Port Hudson to be of Recent age, and
defined the Beaumont clay as the clay deposits between the Port
Hudson and the top of what is now the Lissie. The name and deg-
eription have remained in acceptance since. The type section is
given as the shallow wells in and sround Beaumont. The surface
formations at Beaumont are recent terrace silts from the Neches
River, but beneath these are some four hundred feet of clays attrie.
buted to the Beaumont.

The Beaumont ‘occurs in @ broad belt sbout £ifty miles wide
paralleling the coast and extending from Mexico into louisiena. It

nﬁayes,' C. ¥., and Kennedy, W.: 0il Flelds of the Texas =~ Louisiana

Gulf Coastal Plain. U.$.G.3., Duil. 2i2:17F, 1903,
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overlaps the Lissie unconformably snd fingers of the Beaumont extend
up the principle streams crussing the Lissie, Willis, Goliad, and
Fleming unconformably. | |

Its seawvard edge is overlapped by recent sands and silts. In
the Rio Grande Valley, large portions of it sre obscured by vind-
blown sand deposits, particularly in Eidalgo and Willacy Counties.
Excellent exposures may be fo;.mﬂ in the drainage ditches neer
Beaunont, Jefferson County, Houston, Harrie County, and in the bluff
overlooking Corpus Christi Bay at Corpus Christi.

The Beaumont is typically & dark, heavy, m#y, calcareous clay.
It i3 commonly black, blue or gray, sud less cemmonly, red. When wet,
it forms & thick, wexey, very sticky gumbo. It commonly contalns
disseminated particles of 11@ and occasionslly cslcareous nodules
and particles of deéampoaed wvood. In some locellities, it may be
quite sandy, and freguently contains lenses of silty sand. It typl-
cally forms a broad flat plain, often treeless, with even less rellef
than the Lissie. Bayous and streams have cut deep narrow channels in
it, quite unllke the broad chanbels found north of the Beaumont. The
surface of the Beaumont slopes about two feet per mile, and reaches
& maximum thickness of nine hundred feet at the cosst.

Fossils in the Beaumont are scarce, but oyster and shell beds
have been discovered in & few places, notably Trinity Bay, and arcund
Nueces Bay., Even more rare sre & few bones and teeth of vertebrates that
have been unearthed. Determination of these fossils leaves llittle
doubt that the Besumont is Uﬁper F}.e;atacena in age.
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beposition of the Beaumont wvas similar to that of the Lissie,
except that it was less severe. It was formed by the coalescing
deltas and levees of the several streams along the coast as these
sluggish streams constently shifted and changed their mouths. The
interior highlanﬁa hed been eroded down to near their present level
by this time, and the late Pleistocens glaciation was much smaller
in extent than before, thus not having as great an effect upon the
climate and rainfell. The streens, amring Begumont tine, were
therefore more sluggish epd carried finer particles then previously.

Bartonl® nas carefully mapped the soils in Fort Bend, Brazoria,
Harris, and Liverty Counties, and proved by his detailed work that
the Beaumont in these arsas was lsid down as the coalescing lagoonal
deltas of the Brazos end Trinity Rivers. He bas gone so far as to
show and map the old chennels of the rivers m& in some instances

show the ancient terraces.

18
Barton, Doneld C.: Sarface ologg of Coastal Southeast Texas. Am,
Ole

Assoc. Petr. Geols., bull 1%, pp. 1301, 1930.
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WILLI3 FORMATION

Among the earliest descriptions of the sands eand gravels of
the Willis formation, they are refarreﬁ to as Diluvium or Northern
Drift, since they were thought to be of glacial origin. Harperl?
in 1857 introduced the neme Orange Sand, which he borroved from the
geologic séctim of Tennessee. This neme contimued in usage for
some time although it was necessary to redefine it to preserve
harmony smong the various suthors.

Hopkins®® first definitely described the materfal. He dis-
tinguished between the older gravels, or “Drift®, end a younger clay
formation, the *Prairie Piluviwa®.
| By 1891 so wany &ifferent names had been spplied to the gravel
beds of the Gulf Coast reglon that a meeting of eminent geologists
of the Gulf Coast mi held in San miseo to establish a suitable
name. Selections vere made from a group which included such names
8s "Ferruginuous Sand”, "Drift*, "Southern Drift®, *Diluvius”,

"Lagrangs", "Orange Sand”, "Stratified Drift", "Bluff Gravel”, "Platesu

Gravel®, "Columbia”, "Appamattox”, and “"Lafayette™.
Because of various obJections to all other nanmes, Lafeyette vas
chosen. This name bad been introduced by McGee2) for a type locality

in Lefayette County, Mississippi snd guickly geined wide acceptance.

19, : y s
Harper, L.: Prelimi Report on the Geology and {culture of
the State of Miaaiss¥ + Miss. Geol. survey, B%i, 1857.
opkins, Fa V.t mﬁfsﬂ Geological Survey, First Annual Report
for 1869, 1870.
mMcGee, ¥W. J.: The Lafayette Formation. U. $. Geol. Survey, 12th.
Annval Report, Fact 1, pp. 308, 1591
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Lafayette County is far to the intertor of Mississippl and has
since beenﬂ shown to be in the area of Eocene Wilcox. The name
Lafayette has been applied to formations ranging in age from
Eocene to Recent and therefore, lost specific meaning and has been
discarded.

In 1916, Matson®® introduced the name Citronelle for s series
of sand and gravel beds which he mapped scross Loulsiana, Mississippi,
Algbama, and Eastern Florida. Type locality for the Citronelle wes
given as the expésures along the ﬂobi}‘.a and Ohio Railroad near the
town of Citronelle, in Mobile County, Alabama. His work clarified
much of ‘the old confusion of nemes, and the name Citronelle gained
immediate recognition.

Roy23 bas shown that Matson's Citronelle formation in its type
locality includes portions of two formations; the overlylng sands
and gravels, and the underlying shsles from which Matson collected
Pliocene plant lemves. Becsuse of thiz and 8180 because of the
imperfect description of the type locality, the term Citronelle has
_been dropped as a formstional name, but 18 still used es & dbroed
inclusive group name in certain areams, particularly Alabama,

The formation herein called the Willis, has been called the
"Unnemed Upper Pliocene Sands® by Plummer®® and the "Lower Lissie®

22yatson, G. C.: - The Pliocene Citronelle Formstion of the Gulf
Coastal Plain. U, B. Geol. curvey, Prot. raper 98, 1910.

23Roy, Chalmer J.t Type Locality of Citronelle Formation, Citronelle,
Alabsma. Am. ASSoc, OFf Petr, GeolS., Bull., VOl. 23, PP» 1553,
1939

al’lemer, F. Bsy et. al.: The Geclogy of Texas. Univ. of Texas
Bull. 3232, 1932.




by Heekszfj.-anﬁ:ﬁailey.as

The name ¥illis vas pr%pcse& by Doering®l in 1935 to replace
the old ambiguocus pames. The type locality comprises exposures in
and sround the town of Willis in Montgomery County, Texas.

| The term Willis us~used in this work, is considered the same
‘as that described by Doering. Doering divides his Willis into three
members: The Willis Gravelly Sand or basel member, the Willis Few-
ruginous Band, and the Hockley Hound Sand. No division into members

is made by this writer.

DISTRIBUTION:

The Willis forms & gravelly sand belt paralleling the coast
at a distance of sboul one hundred miles. Its outcrop is one to
twenty miles wide, commonly ten to fifteen, and forms red rolling
hills and densely wooded ridges. It occurs as cuestas, deeply eroded
by rivers and forms & resistant cap over the softer formations on the
divides between streams.

The writer has mapped the formation (in pocket} through pore
tions of Newton, Jesper, Tyler, Polk, San Jacinto, Montgomery, Harris,
Grimes, Walker, Waller, Austin, Colorado, lLaveca, and Dewitt Counties
and into Louisiana. To the southwest in Dewitt County, it diseppears
and apparently pinches out over the San Marcos Arch and is overlapped

by the Liseie or younger formationa.

25Weeks, A. W.: Lissie, Reynoves, and Uplend Terrace Deposits of Coastal
Plain of Texas Between Brazos River and Rio Grande. Am. ASsoc.
Fetr. %ﬁlﬂ., Bull., Vol. }-7-; i§33u

e%ailey, T. L.t The Geology and Fatural Resources of Colorado County.
Univ. of Texas Bull. 2333, 1923,

ﬂnaerlng, Johm: Post-Fleming Suriace Formations of Coastal Southeast
Texas and South Louisisna. aAm. Assoc. Petr. Geols., Bull., Vol.
19, pp. 051, 1935.




Contacts are often difficuli %o locate on the Willis, parti-
cularly the upper contact. In Colorado County and in the vicinity
of the Colorado and Guedalupe Rivers, the Willis-Lissie contact is
especially d4ifficult to determine because of the lithologic simi-
iarity of the two formations. In thie area, the chenge in vegee
tation was espetlally important since the Willis was characterized
by & thick growth of scrub tregs‘, and the Lissie by a treeless
plain. In areas of extensive cultivation such as the rice fields
of Harris snd Waller Counties, where few contacts could be observed,
they were interpolated from tm available. in some of the densely
vooded areas of East Texas, the same procedure was followed.

Scattered throughout Texas between the Balcones Fault Zone and
the coast are residual patches of gravel and terrace deposits which
may in part be equivalent to the Willls. These are not connected
with the sain body of the formation, nor with each other and their
interrelationships ere strictly a matter of conjecture. They can~
not be correlated by means of fossll remains, mor bemuu of thelir
very nature can they be correlated on the basis of lithology.

Woodvard and Gueno23 have attempted to correlate the terrace
deposits of Louisiena with the Pleistocene glacial and interglacisl
perlods with sume degree of success. Weeks2J has done the same thing

with the Colorado River Terraces, and these two conceptions are

aawcodmd, T 3‘?;, and Gueno, A. J.: Tbe Sand and Gravel Deposits of

Louisisna. La. Geol. Survey, Bull. 19, 19%1.

a%eeks, A. W.r Quater Deposits of Texas Coastal Plain Between
Brazos River and Rio Urandes Am. ASSBOC. PELrs GEOLS8., Dull.,
Vol. 29, 19&50
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presented here in the accompanying chart. These are both cos-
mendable works, snd illustrate a change of reasoning which will
undoubtedly expose much additional information on all the Quaternary
sediments. HNevertheless, the fact remelns, neither were able to
prove their point beyond a proposition, and théy corrvelate only
generally with each other and with the seavard interstrean deposits.
It must be remewbered that Woodward and Gueno worked on the
Mississippl end Red Rivers, while Weeks worked oa the {olorado and
Brezos Rivers. Much more informetion must be gained, particularly

on other rivers before this method of reasoning ?:an be fully evaluated.
In the meanwhile, this author advocates division of the Pleistocene
in Texas into Willis, Lissle, and Beaumont as before, since these sea-
ward facing intersiream terraces form the dulk of the formation, are

easily mapped end correlated, have diagnostic lithologic character-

o s e

istics, and are far more important economically than their possible

upstrean fingerings.

LITHOLOGY:

The ¥illie may be described in general as & red, coarse sand,
gravelly in part and slightly indurated. It varies considerably through-
out its outerop, both vertically end laterally, and for this reason
no detail sections sre glven, since they sre of little or no value and
cannot be correlated for ovei- a few feet. |

The color vm:iea somevhat from one locality to snother. In
Montgomery and San Jacinto Counties, near the type locality, it is
& aistmetivé brick red, or mattleé red and vhite. Color shades vary

slightly with size. When separated by graded sieves, each decreesing
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Willis Outcrop in Road-Cut Two Miles Southeast of
New Ulm, Austin County

Willis Outerop on Bank of San Bernard River,
Colorado County
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grain size is & slightly lighter shade of the same color, with the
exception of the pebbles, which mey be any color.

In Polk, Tyler, Jasper, and Rewton Counties, the color s
usually more yellowish or brownish yellow, with only occasional
brick-red exposures. In Harris, Waller and portions of Austin
County, the upper portion of the Willis is cheracterized by a pink
sand. Ia Colorado County it is a coarse brown gravel.

Composition depends upon the stresm which deposited it, and
the drainage area of that stream. The Willls gediments in East
Texas, being derived in part from the ferruginous Claiborne group
of East Texas, sre guite ferruglnous end show the charecteristic
red and yellow-brown color of llmonite. Much of tm'cmntmg
material and the bulk voluse of the sand is limonite or hematite.
Limonite nodules are common throughout the formstion, but are
usually small, from 1/2" to 1/8", Sand grains end pebbles are
composed of guartz, chert, and some silicified wood. It often
containg balls of bentonite clay ss well,

In Colorado County and im the vicinity of the Colorado'siver,
the ¥illis formation 1s a coarse gravel composed of chert, quartz,
a.ml igneous pebbles derived from the Centrel Mineral Reglon which
this river drains.

8ize of particles range from cobbles and large pebbles to clay;
however, pebbles over two inches are unusual, except locally.
Sorting is very poor and incomsistent. Locally sorting may be
fairly good as exemplified by the massive sandstone 7.8 miles north-

esst of Willis on the Coldsprings roed, in Montgomery County. In



PLATE V

Willls Cuterop in Road-Cut 1.7 Miles Bast of Willis,
Hontgomery County

Willis Outcrop in Roed-Cut Southwest of Camilla,
San Jacinto County



PLATE VI

Willis Outerop in Rosd-Cut West of Rose Hill,
Harrls County

Willis Qutcrop Ten Miles West of Courtney,
Grimes County
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Colorado f:.’minty, the Willis 1s s coarse gravel with gsome cobbles
over six inches, but principally twe and three inch pebbles or
smaller, and subordinate emounts of sand and clay. In East Texas
it is definitely a sand mewber peppered with gravel and not simply
a gmwl bed.

Borting is very poor and variable within surprisingly short
distances both laterally and vertically. A bed of coarse gravel
may lense out into a single row of pebbles or even disappear
within a few feet. Ordinarily the pébblea constitute a smell percen-
tage of the total bed, end %hea; ere arranged in attenvated bands
or sprinkled indiscriminately thmughoﬁt the bed.

Bumerous samples were collected from exposures throughout the
outcrop area, and screen analysis was run on each of them. Because
of the vest differences in size and sorting, the results were incon-
clusive. The accompanying histograms show the erratic patterns
formed by some. of the varicus semples. Correlation or identifi-
cation by histogram or cumilative-frequency curve is obviously
inaccurate. In general, the Lissie is not as coarse as the Willis,
but locally this may not be true, or they may be virtually indis-
tingtdayshahlc'by grain size alone. The Willia is always coarser than
the beds immediately underlying it, and lower contact may be determined
by grain size, among other methods. |

Bedding is extremely irregular, cross-bedding and lenticularity
being the rule. Ia sddition, the ¥illls is bounded by an uncon-
formity above and below, therefore reliable &ips sre nesrly always

Impossible to obtain. On the basis of averages over a broed area,

- B o =

e — e e e e .



MO M v M » M [t B & B B B & e e aoEmsTTs s s s A e e e (E _O0—==0_0__ O~ ~ -~ ~ = 1 s e T e e T e e T e T v | follNs N F S o Y S Voo SN o WY YR = S = VS = yu— T A e 4 e i s M e S
( J
&) ‘: A - 1
HISTOGRAMS OF WILLIS ;O L T o
GRAIN SIZES IN INCHES
o) O _
g 8- 8- @ - @
o o —
8_ 8- o 3- s
2
. \0 () o_
o 9- B ¢ ® g- ¢
R *
g_ - 8— > 8— 197 - | = %~
- = (=]
= o o o
o> - - - o
: & —L__ g e Z e  — s 3- P o
= o 3 l_
= — = I
o- o— o~ T oe- e —
I r- l r——]_ | I I
_— —_L——h_—-l -_—
o T T T T T T o— | T T T T T T 1 o— T T T T T T o - T T T T T T N © T T | T T T 1
0787 .,0469 0232 .0177 .0059'.0029 -,0029 .0787 .0469 .0232 .0177 .0059 .0029 -0029 .0787 0469 .0232 .0I77 .0059 .0029 -.0029 .0787 .0469 0232 0I77 .0059 .0029 -,0029 0787 ',0469 0232 0i77 0059 ,0029 —~0029
Two Miles East-Northeast of Hempstead, Ten HMiles South of Halletsville, Three Miles South of Roganville, Three Miles Northeast of Viillis, Two Miles South of Columbus
. ¢ )
Vialler County Lavaca County Jasper County Montgomery County Colorado County
= o_ o_ -
© & © - S —
o_ o_ -
) S- 0 3 8~
Oo_ — O= -
+ 3 ~ v ¢ ¢« ¥7
9 o
2 3 ° ———
(]
R 3= - B- Q- Q— —
- £ -
:::- = ) - =
O = _ o O_ __r—]_— = o
s N s & IR > 9- - o
=z = = e =
2- e o o- . o
= - ] I ., - =
I_:—’_——r__—f__ l—ﬁ
o= ! J ' ! ! : O~ M 7ar] T T T T T Oo— T T 1 T T T o= T T T T T T oO—r ——
0787 0469 0232 0177 ,0059 ,0029-0029 .0787° 0469 0232 0177 0059 0029 -0029 0787 0469 0232 0I77 ,0059 ,0029 -0029 0787 0469 0232 0i77 0059 0029 —0029 o787 .0469' '0232' 0177 ' 0059’ ,OOZST-OOZQ'
i E1ght Miles Northwest of Coldspring Six Miles West of Rose Hill Four Miles Northeast of Hempstead Composite Sample from Gravel Pit Six Miles One Mile South of Pinckney
4 San Nacinto County Harris County Vlailer County Southwest of Shepherd, San Jacinto County Polk County ’
(<)
i .
. -
[
o e st 4 - -y - YT T ™t (ﬂ (3 Dt @ Junm @ Nt @ } [ NNNCA NS N @ NN © RGN & NG M o M @ RN o R o R o M @ NN R o M © REN © NN @ RE © R © NN S R @ M @ Rl @ R ) p Mt @ et o ) n o v O ) N & 2 6 e o f.l [ )

e e ll.._.




.25 -

and well logs down dip, the dip hms been estimated at 2 to 20 feet
per.mile to the southeast. |

| The thickness is varisble. It has bLeen measured as 75 feet
thick in Colorado County,3° and pinches out to tl;e southwest in
Dewitt County, In his original description of the formation of the
formation, Doering - gives the thickness as 80 to 85 feet in South-
eaét Texass and Southwest Loulsians and 120 to 125 feet in Southeast
Louisiana. It thickens at the rate of sbout five feet per mile
tovard the coast.

Distinguishing Features of the Willls Formation:

1. Texture =~ usually coarser than formations above or
below,

2. Cementation -more indurated than the Lissie or
Fleming clays.

3. Topography - forms resistant hills and has been
eroded to form ridges and cuestas incised by the
mejor stresms. Differs from the flat preirie of
the Lissie or the rolling hills of the Fleming.

§. Color - Commonly, reddish or brovan sandy soil
differing from the dblack clay soil of the Fleming
or the ashen-white or buff colored silt of the Lissie.

BQWWkB, A« W.2 Quaternary Deposits of Texas Coastal Plain Between
Brazos Biver and Rio Grande. Am. ABSOC, PeLIs GEOlBa., BUlle,
Vol. 29, 1945.

3poering, Jobn: Pest-?iemln% Surface Formations of Coastal South-
east Texas and Scuth Loulsiena. Am. Assoc. Petr. Geols., Bull.,
Vol 13, pp. 651, 1935. :




PLATE VII

Typical Willis Vegetation and
Topography, Polk County

-

b &

Typrical Willis Vegetation
Hewton County
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5. Liwe eontant:32
Aversge Lapars s80d. + « « s o+ « « o JH81.05%
Average Lagsrto Creek sand . . . . . .« .38.h5%
Aversge Lissie and Willis. . . « « « . Hone

- Average Besumont Clay. « - « . + . 4 . A48.7T18

6. Vegetation - The Willis is domipently covered with
a thick growth of trees snd shrubs, while the Lissie
is characteristically s treeless plain, and the
Fleming is sparsely dotted with deciduous trees.

AGE:

¥o fossils have been reported from the Willis. This in itself
is & surprising fect since it would seem loglcal that in the extensive
removal of the formation in gravel pits at least some form of life
would have been wnearthed, bul appsrently leaching in the formation
has been complete enough to &estraﬁ' any remalins.

The Willis 1s overlain unconforwmably by the Lissie formation from
which Pleistocene vertebrate remains have been reported. These include
Bison latifrons (Harlan), Elephas columbi Falconer, Elephas imperator

Leidy, Equus excelsus Leidy, Equus francisi Hay, Eguus complicatus Leidy,

and Equus sesziplicatus Cope.

Rear the Colorado River, and elsevhere, the Willis rests uncon-
formably on the typicai Golled sandstone. A few vertebrate remains

have been recovered from the Gollad, among these, Hipperion ingenun

{Leidy) snd Teleocerss cf. T. fossiger (Cope). These forms are regarded

BZBaile:y, T. L.t The Geology and Fatursl Resources of Colorado County.
Univ. of Texas Bull, 2333, 1923.




. PLATE VIII

Willis-Goliad Contact Ten Miles West of Courtney, Grimes
County

- Willis-Goliad Contact South of Halletsville,
Ilavaca County
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as Plioccene in age, conseguently, on the basis of faunal evidence
and superposition of beds, the Willis is here considered as Lower
Pleistocene, |

The origin of the Willis is intimately related to the widespread
glaciation that was taking place in Nerth America about the same time.
Most studenta of the North American Ice Age believe that the Plioccene
included the cooling down of the earth In preparation for the Ice Age,
and some believe that glaciation began in that period. Most authorities,
however, belleve the coming of the ice sheets marked the transition
from the Pllocene to the Plelstocens, so that the whole of the Ice Age
belongs to the latter. Chamberlin and Salisbury state it as follows:

"This old surface, this horizon of oxidation, weathering,

end erosion; this borizom below which glacially derived

materials do not occur, and sbove which they are preasent,

we hold to be the dividing plane between the Plelstocene

and Pre-Pleistocene formations.” (Chamberlin and Salisbury, 1891)

During el)l of the Tertiary preceding the Willls, the sediments
deposited on alluvial coastsl plains and in the Gulf were characterized
by muds. Only occesionally were sands brought into this area. Cravels
are even more rare and ususlly very fine. There are no gravels comparable
to the ¥illis in eny of the formations older than the Willis, nor are
there any such gravels in the streams today other than those which
have caved in from the benks. From this it seems cbvious that the
deposition of the ¥illls required special conditions which must have
prevailed generally over the Gulf Coamst. X
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It is known that special conditions did exist during the
Pleistocene. Vast ice sheets extended scuth into the mid-vestern
states, and this presence of ice on the land lowered the sea
level, thus rejuvensting the streams. Clouds moving north from
the Gulf of Mexico contacted the cool alr of the glacler, condensed
and fell es rain. This increased rainfall couples with the melting
of the glacier made surging torrents of the étrem and tremendous
amounts of material were transported and deposited. On the basis
of stratigraphic position and leaching, the Willis period of entrench-
ment and slluviation has been correlated by Waeh vith the Nebraskan
Glaclal end Aftonisn Interglacisl ages.s3

’ GEOLOGIC HISTORY AND DEPOSITIOH:

Asguming the Willis to bé Pleistocene in age, the sequence of
historicel events follows:

After the deposition of the Flmging and before thé deposition
of the Willis, the coast was tilted about 25 feet per mile seavard.
A comparaetively flat erosional surface waz developed on the Fleming,
extending back to the cuestas of the first hard formations, the
Oekville and Catahoula formetions. This stripping of the Fleming
probably provided much of thé material for the thick Pliocene clay
section found near the coast,

The strong development qff the Qakville in Central and Southwest
Texas provided that area with a source of sandy material which was
pot available in East Texas snd Louisiana. .

3yeeks, A. W.: Quaternary Deposits of Texas Coastal Plain Betveen
W m.x% and Rlo Grande. Am. Assoc. Petr. Geols., Bull.,
Yol. 29, 1945,

ime e d
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After the Goliad, the coast was sgain slightly tilted and
erosion attacked the Catahouls and Oakville formatlons, contributing
much coarse sand to the Willis. About the same time the great ice
sheet vas retreating from the mddie'-’&fest, and 1ts melting coupled
with the tremendous increase in rainfsll, accustomed by the glacier,
made surging floods of the rivers and streaﬁs.

It is thought that during Willis time, the area now covered by
the veneer of gravels was 8 flat festureless plain close to sea level.
The rivers flowing out ¢nto this plain from 8 reglon of greater relief
would drop their loads to form broad deltas. ThAse. channels would
be constantly clogged with debris and the streams would be continually |
changing their channels aud flood plains back and forth until these
alluvial fans goalesced and formed & more or less continuous alluvial
spron, similar to that at the foot of steep mountain renges today.

The streaa gaps through which the Willis was discharged and the
futerior extension of the formation have now been destroyed dy erosion
and the Willis now found at the surface is part of the Willis plain
developed at a distance from the gaps. The Willis in all probablility
extended up the principle streams at one time, much as the Lissie and
Beaumont 4o et tiu,s time and some ot the gravel ocutliers upatrean and
on the interior lnter-streazm areas bave been correlated with the wWillis.
Some of these may be, in fact, equivalent, but they are not continuous
with the main body of the fmunn and the determination of theuj exact
age is difficult. In this paper, the writer has excluded all outliers
unless they could be conclusively shown to be Willis.

It seema probable that the Balcones faulting, which cannot be -

very ancient because its scarp is so well preserved, took place Just
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prior to Willis time, The erousion of this scarp end the elevated
area bahind A:&t would furnish many of the chert and flint pebbles
that are found in the ¥illis.

The streams which deposited the Willls were the sncestors of
our present streams. A% this time, they were devdloping their patterns
of drainage. During each succeeding eycle, they retained their
dreinage pattern, simply depositing new materiel farther south.

After ite deposition, the Willis was probably tilted seavard
10 to 15 feet per mile, thus rejuvenating the streems, first in
their lower courses snd subaequeﬁtly upstrean. m Pfirst action of
the ptreams was to cut trenches in the ¥Willis plain and later the
removal of smuch of the interior extensions of the gravels.

This interior ercsion brought down a flood of sediments which
formed the Lissie formation. These sands and eilis vere first
deposited at the mouths of the streams, but they eventually coelesced
and merged to form a continuous blanket of sediments, with the upstreanm
fingerings, which ve f£ind today.

The Lisslie cycle was brought to a close by new and smaller flexing
of the coast, and the period of erosion end depositicn of the Beaumont
clays ensued.
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ECONOMIC CONSIDERATIONS

AGRICULTURE:

The Willls forsation forms the poorest land for agricultural
purposes of all the upper formations on the Gulf Coast. Its
coarse sandy and gravelly soil formas what is often referred to es
the "Post Oak Belt”, after the dense growth of scrub trees, par-
ticularly Post Oaks (Quercus stellata) and Live Onks {Quercus

virginicus) which characterize the outcrop.

Agriculture is commonly confined to livestock grazing; par-
ticularly eaf:tla and hogs, but even these eke out & scanty existence
in the dense wndergrowth. |

In the vicinity of Waller, in Waller County, and Hockley, in
Harris County, the ¥Willis forms a broad ireeless, gently undulating
plain on top of the Hockley Bench, and is extensively planted in
rice.

In Northwestern Harris County, the pink sandy soill of the
Willis forms an excellent soll for peanuts, and many hundreds of
acres are devoted to this erop. |

Hear Kmsteed, vatermelons, which require a sandy soil, are
widely cultiveted.

LUMBEXR: )
Southwest of Magnolis County, the outecrop of the Willis formae ’

tion supports a dense growth of scrub trees and shrubs whose uses

fulness is limited to nttlei more than fence posts and firewood.

In Magnolia County snd to the northeast, the outcrop supports a
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growth of trees which forms one of the best lumbering sreas in
Texas, Magnolia, San Jacinto, Polk, Tyler, Jasper, and Newton
Counties are literally dotted with saw mills snd lumber camps
vhich form the principle industry of these counties. The yéllow
pine (Pinus palustris) and the loblolly pine (Pinus taeda) form

the principle source of lumber, with the oaks and hardwoods sub-
ordinate.

Sam Houston National Forest and several small state forests
ere included, in part, in this outcrop erea and both these and
the private forests are carefully patrolled end regulated to
prevent forest fires and the most modern methods of barvest and
reforestration are employed to prevent depletion of this vast

natural resource.

GRAVELs

The Willls formation, being dominantly a coarse sand and
gravel tomtibn, furnished an excellent source for gravels throughe
out ita outcrop ares.

In any discussion on the merits of a gravel, it is necessary
to consider the purposes for which 1t i{s to be used. These may
‘be 4ivided into two principle catagories, road gravels and concrete
aggregate gravels, each having different chamctertsticsﬁh

Road gravel may be defined ss an admixture of tough hard Pebbles

”
that conteins enough sand to fill in the pore spaces and a sufficlent

quantity of clay to cement the pebbles snd sand graina together to

34 Rash, J. P.t Road—Builﬂmg Materiale in Texas. Univ. of Texas
Bull. 1839, 19id.
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form & hard surfece. Pebbles should range between 2 inches and
1/4 inéhes, “yith no pebbles over 2 inches. A good road gravel
can be used for surfaecing roads without having t0 be mixed with
other material, and many such deposits are to be found in the
w&ma‘t‘mtim‘ Composition, hovever, varies. In the vicinity
of the Colorado River, the gravels sre siliceous and very coarse,
being composed principally of chert and quartz pebbles, vith a
suall amount of igneous derivatives. In East Texas, the gravels
ere composed é.t ¢hart nﬁ.& quartsz pebbles and a large percentage
of limonite nodules. In addition, théy are usually not as coarse,
the pebbles eeldom being over 1 inch, and having s larger per«
centage of sand.

Road gravel is quarried extensively throughout the ocuterop
ares, and the majority of the farm roads are surfaced with gravel
from local pits. Roads in Sam Houston and neighboring Rational
forests are surfaced with gravels from numerous pits in the forest
itself. These pits are usually shallow, rarely over $ feet deep,
commonly 2 to 3 feet deep and normelly covering 1 to 10 acres. The
gravels ere quarried with bull-dozers or graders and transported
by dump-truck. ‘

Colorado County is dotted with extensive quarries and furnishes
a very high grade of gravel. These pits are quite extensive, often
30 feet deep snd covering several hundred acres. The gravels are
removed with drag-lines and stramshovels and transported by railrodd.

The requirements for concrete aggregate gravela differ from
road gravels in that they should contain no sand or clay or clay

coantings on the pebbles. Having more rigld specifications, concrete



. PLATE IX

— ey —— g

Shallow Gravel Pit for Park Roads, Sam Houston Nationel
‘Porest, San Jacinto County
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Shallow Gravel Pit, Polk County
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gravels are mturaliy less plentiful than road gravels; neverthe-
less, they are quarried exteusively in Colorado County and at a
few scattered localities elsewhere.

Gravel resources in the Willis formation hévo scarcely been
touched and many very extensive deposits have not been worked at
all. It is true that much of the gravel is inferior becsuae of
size or sorting of the pebbles, but many millions of cubic yards
of high grade gravels are still sweilable, The contreolling factor
&%t the present time is the accessibility of the deposita. Most
of the sizable guarries must be servéd by s railrosd spur, and
the economice feasibllity of mining & deposit is dependent upon
the ﬁst&ﬁce from rail transportetion. This 1s strictly a metter
of economlics, and as the more accessible deposits are depleted, it
will become possible to profitably work the more remote deposits.

WATER:

The Willis forms the most productive aquifer on the upper
Gulf Coast. It ylelds sbundant supplies of water to shallow wells
in the outcrop ares and in deeper wells wherever it is reached.
The city wells of Houston as well as many privately owned industrial
vells and rice irrigation wells drav heavily from these sands.

In the cutcrop area of the water-bearing beds, the water is
- generally unconfined, and there is & water table. As these sands
become interbedded with clay and silt down dip, vaters in the sands
become confined and eare under mrtesisn pressure. In the early
days of Houston, artesian wells could be obtained practically
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anyvhere in the cliy aresa, and artesian pressures sufficient to
raise the vater 15 te 30 feet in the air were common. The
artesien head is now over 80 feet below the surface in Houston as
a result of the withdrawal of water from the sands faster than it
could be replaced by the matural processes.

The Willis sand in its outcrop ylelds soft waters of lovw
mineral content. A compasrative analysis of the hardness of vaters
from shallow wells in the outcrop areas of the Lagarto, Willis,
1issie, and Beaumont formations 13 given in the gccompanying
diagrams. From this it is essily seen that waters from the Villis
are by far the softer of the four.

As the waters pass down dip, there is & gradual alteration in
chemlcal character, changing from a calctun bicarbonate, vhich
characterizes the shellow waters to & sodium bicarbonate, which
characterizes the deeper waters. This is sccompanied by an increase
in sodlum bicarbonate, the hardm;nss and content of the other cone
stituents remaining sbout the same,37 This {s better illustrated
in the sccompanying illustration vhich shovs the variation of mineral
content and hardness with dkpth for & well drilled in Houston. This
is a composite of date rmm numerous wells fn the city end the top of
the Willis formation varies froam 500 - 1300 feet deep.

The Willis ylelds the softest waters avallable down dip, and
1s much in demand for launderies and for use in boilers vhere
mineral content 3s wery critical.

B%Qsm, Mergarvet D.: Ground Watera of the Houston - Galveston
Area. Industrial and inglneering Chemistry, Vol. 31, Ho. B8, .
August, 1939.
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OIL:

The Willls formation produces 01l around a few shallovw salt
domes on the Gulf Coast, but is by no means an lmportant oil
horizon.

At Spindletop, in Jefferson County, and Eumblg, in Harris
County, are several sands of the Willis-Lissie group et depths of
600 to 1000 feet which produce oil. The oil in these sands has
probebly accumulated by léakags from the #ap rock along small fault or
fracture planes. Wells range from 600 to 1000 feet deep, and pro-
duction 1s small. Initisl production is 40 to 50 barrels per day
_ and total production per well usually delow 15,000 barrels.

The Bateon Field in Hardin County produces a small amount of
oil from sands of Willls age et depths of 189 feet and lower.

The Saratogs Fleld in Hardin County produces & small amount of
o1l from sends of Willis age. Some violent blowouts have even been
encountered from gas in shallow pockets 200 to 600 feet deep in
¥illis and other sands.

It is entirely probable that certain of the shallow 04l sands
in the Goose Creek Field in Harris County are Willis sge.

With the exception of Goose Creek,all of the production from
the Willis is found in shallow sands sbove the more shallow salt
domes. The 01l itself has most likely seeped into these sands from
the cap rock, rather than from any ﬁt the normal source beds.
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