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SOMMARY

Building foundation distress in the San Antonio area, including
Iackland Air Force Base, has long been attrivuted to the action of swell-
ing surface soils. More recent design and construction practice has been
to separate building foundations from these soils but the problem has
still occurred. Recent studies show that, while active surface soils
can cause considerable distress to a structure, uplift forces against
"deep pier shafts and footings have also resulted in building distress.

~ Iackland Air Force Base is located within the Balcones fault zone
and is underlain by clay shales of the Upper Cretaceous Navarro group and
Tertiary Midway group. These strata have been severely faulted and are
veathered, Jointed, and fractured to depths of 30 to 40O feet below
ground surface, They are, in turn, mildly weathered to depths of 50 to
60 feet below ground surface. Mineralogical studies show the Navarro
and Midway clay shales contain about 30 and 70 percent Ca-montmerillonite,
respectively. Based on laboratory and field tests, these shales appear
to be moisture deficient, partigularly below the base of severe weathering,

It is’ considered that much of the distress developed in buildings
constructed on deep drilled and underreamed piers landed in clay shales
is the result of uplift forces developed by swelling montmorillonitic
clay shales. The swelling apparently occurs as these moisture deficient.
materials take on water from overlying gravel beds, the ground surface,
or possibly from the concrete placed in the »nier holess It is believed
that this problem can be overcome by designing pier footings for higher
allowable bearing. capacltles and water proofing the walls of the pier

holes.

The recently conducted studies showed that the most suitable founda-
tion media at Iackland AFB have been the dense gravel siratwn at the base
of the overburden. No distress has occurred to any buildings founded on
this material. Unfortunately, the gravel is not of sufficient thickness
and density throughout the base area so that all buildings can be

founded on it.

No evidence was. found to support the theory that recent faulting or
mass movement of foundetion clay shale strata caused or contributed to
building distress at TLackland Air Force Base.
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INTRODUCTION

The San Antonio, Texas, region has long been considered a foundation
problen area occasioned by expansive soil conditions affecting buildings
and engineering structures, In an effort to minimize or eliminate the
effects of these expansive soils, design engineers working in the area have
adopted a foundation design for most structures utilizing drilled, under-
reamed, cast-in-place piers. Also, floor slabs are suspended and voids are
formed under grade beans. These measures isolate the structures from the
effects of these expansive solls. The Corps of Engineers has adopted the
following criteria for projects within the Southwestern Division, includ-

ing the San Antonio area, vwhere expansive soils occur: -

1. Structural slabs are used when practicable, If necessary to
use a slab on grade, such as for large warehouses or heavy equipment floors,
the top 18 inches of soil is removed and replaced with select, low plasticity
material, and the underlying 6 inches of soil is scarified and recompacted to
not less than 85 nor more than 90 percent modified density, wet of optimum.

2. Volds are provided under all grade beams,

3. Footings are placed below zones of seasonal moisture change
and bearing values are selected to minimize differential settlement.

i, fThe pier shafts are reinforced with at least 0.75 percent

steel.

5. In situ terrace gravel is used for the bearing stratum when
sufficient thickness and continuity are found and when the water table is
encountered at or below the top of gravel. Otherwise, the bearing stratun
has been clay shale at depths of 30 feet or more with the final depth
dependent on the weathering characteristics of the upper portion of the
clay shale and its settlement properties as determined by laboratory

testing.

By the fall of 1965 there was an accunulation of evidence of struc-
tural distress ranging from ninor to major in buildings of various types
constructed within the past six years at both Kelly and Lackland Air Force
Bases, the most severe distress having occurred in the lighter and most
‘recently constructed structures. These buildings included a one-story
steel frame structure with masonry walls, a three-story combination
reinforced concrete frame structure with masonry wells and steel frame
with insulated metal panel walls, and & nmultistory (conbination of one
thirteen stories) reinforced concrete frame structure gith reinforced

In each of these buildings the foundation design utilized
Foot-

to

concrete walls.,
the drilled, underreamsd, cast-in-place reinforced concrete piers.,

ings were bottomed at depths which varied from 30 to 67 feet below existing




grede, The distress noted  in these facilities included cracking of exterior
masonry walls and interior partitions, accompanied by warping of door frames
and, in the lighter one-story building, structural failure of the reinforced
concrete plinths and piers. ' ‘

From extensive investigation of these particular structures 1t became
epparent that the buildings were experiencing progressive differential move-
ment with consequent structural distress., Further, the studies indicated
that movement was occurring as a result of forces generated by the primary
strata acting on the cast-in-place reinforced concrete piers rather than as a
result of surface soils acting on the structures, In view of the construc-
tion program anticipated at Lackland Air Force Base and considering the
related history of building foundations subjected to horizontal and vertical
movement, the United States Air Force directed that a comprehensive program
of foundation investigations and geologic studies be made prior to the
inttiation of foundation design for future construction at the base. Both
the Air Force and the Corps of Engineers concurred that this informetion
was essential to modify or to qualify design criteria then in current use
and that the conclusions derived from the study, together with the informs-
tion developed from associated studies, should result in foundation design

_concepts vhich would minimize distress to buildings and allow for the con=-
struction of structurally safe, attractive, and functional facilities,

PROJECT LOCATION

: The principal area investigated, Iackland Air Force Base, is located -

* in west central RBexar County, approximately 9 miles southwest of downtown
San Antonio, as shown on plate 1. This is roughly a rectanguler area encom-
passing approximately 1,000 acres. It is bounded on the north by U. S.
Highway 90, on the east by the Kelly Alr Force Base, on the south by Dyer
Road, and on the west by Interstate Highway 410. Military Highway (Loop

13) bisects the base in a northwest-southeast direction and is the major
access artery. '

Iackland Air Force Base is referred to in this report as the Study
Area. Within the scope of the study speclal emphasis was directed toward
the development of detailed subsurface geology end foundation conditions -
related to the proposed expansion of the Wilford Hall Medical Facility,
which is hereinafter referred to as the Hospital Complex area, Work was
also done in Bexar County to develop the regional geology. '




INVESTIGATIONS

Research of Available Data

Research of available geologic data included & review of pertinent
published and unpublished reports in the files of the Corps of Engineers,
U. S. Geological Survey, San Antonio City Water RBoard, Texas Water
Development Board, and other governmental and private agencies. Confer-
ences were held with geologists and engineers of The University of Texas,
Bureau of Economic Geology, Trinity University, San Antonio College, Texas
Water Development Board, and the Texas Highway Department (San Antonio
District). No detailed geologic information could be obtained from the
present operators of the Gas Ridge oll field which was discovered in 1912
end is located just south of. the ILackland Air Force Base, Literature con-
cerning this oil field states that oil is being produced out of thin sand
lenses in the lower 300 feet of the Navarro group and natural gas from
the Anacacho limestone. Contacts with other oil and gas companies revealed
no useful information, as this has not been an area of active interest.
With data from the above sources for background, field trips were made to
local exposures of formations known to underlie the study area, and strati-
grephic units were mapped that would be encountered in the exploration
progran. : :

Previous Investigations

Corps of Engineers - The Fort Worth and Galveston Districts, Corps

of- Engineers, drilled approximately 285 relatively shallow core and auger
borings at various locations at Lackland AFB to obtain foundation data for
“design of various structures. 1In addition, two geology reports, "Geology
of Kelly-lackland Quadrangle, Bexar County, Texas,” and "lackland Air Force
Base 2000 Acres Project," were prepared in 1952 by Mr. John Murchison.

The purpose of these reports was to incorporate geologic date with founda-
tion design for future construction and to supplement the previous inves-
tigations with more detailed geologic information on a 2,000-acre site
under consideration for purchase by the Air Force. This site was located
about one mile west of Lackland AFB and is presently known as Medina Base
or Lackland Annex.

Soil Conservation Service - The Soil Conservation Service has drilled a

large number of shallow overburden auger borings to obtain data for their
publication, "Soil Handbook for Soil Survey - Metropolitan Area of San
Antonio." Plate 6, has incorporated much of the data presented in this
handbook. :
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United States Geological Survey, Texas Board of Water Engineers and

San Antonio Water Board - These agencies have collaborated on a num-
ber of publications which have been useful in the preparation of this
report. Of special note is USGS Bulletin 5911, "Ground Water Geology of
Bexar County, Texas," by Ted Arnow. Included in this bulletin is a geologic
map of Bexar County. Information from this map, together with recent data
not available vhen the bulletin was published, has been incorporated into

- plate 2,

Field Investigations

Surface Mapping - Surface geologic investigations of the study area
commenced with several trips to the vicinity of the Lackland, Kelly, and
Medina Bases. Alluvial deposits mask rock formations over much of the
study area, and surface exposures were found to be confined to the immediate
vicinity of Leon Creek between Lackland and Kelly Air Force Bases, along
Medio Creek on Medina Base, and in a few road cuts. Numerous bedrock
exposures were sampled for study and were mapped on existing topographic
sheets, :

Micropaleontological Studies - Due to the similarity of outcrop
materials observed and sampled, and the lack of accurate information from
the available literature, it was decided that micropaleontological studies
vere needed to define stratigraphic contacts eccurately. Mr. Porter
Montgomery of Montgomery Stratigraphic Services, 1511 Milam Building, San
Antonio, Texas, vwas retained for these services. A copy of his study is
included as Appendix B within this report. Surface samples collected by
the Corps of Engineers in company with Mr. Montgomery, together with a
few samples he had previously collected, were identified and plotted. An
understanding of the area geology obtained from this surface work permitted
the development of a detailed subsurface exploration program. Structural
features, such as fault A-A on plate 7, which previously had been only
vaguely located, were accurately located as a result of these studies.

Drilling Program - The drilling program for the detailed study was
planned and initiated after first developing the general structural geology
of the area from review of available geological data, correlating results
of surface mapping, and micropaleontological studies and review of availa-
ble electric logs. Drill locations were laid out so that more precise
geological correlation could be made -and details of faulting could be
developed. The drilling program was begun in June of 1966 using Fort
Worth District, Corps of Engineers, forces. and equipment. This program
consisted of drilling seventeen 3—1/8-inch fishtail borings located as
shown on plate 7. The average depth of these borings was 200 feet, with
one boring, 3F-8, drilled to 400 feet to intercept the Navarro-Taylor
contact. While this drilling program was in progress, representative




samples from previously drilled core borings were examined and identified
by Mr. Montgomery. 1In all, a total of u,hoo linear feet of fishtail drill-
ing was performed for this phase of the investigation.

Electric logging - Early in the investigational program it became
obvious that resistivity and/or gamma-type electric logs could be used
effectively for correlation of various horizons within the primary strata.
As the study progressed, permission was obtained from local water well
drillers to log deep wells under construction. Also, Kelly AFB officials
granted permission to run gamma logs in two abandoned water wells located
on the base. Information collected from these wells was very helpful in
checking subsurface data obtained from other sources and in correlating
over a larger area. Plates k4 and 5 are two geologic sections developed
from this information. The U. S. Geological Survey assisted in the log-
ging of these wells, using a logger capable of furnishing both the gawmma
log and the conventional electrical resistivity log. The gamma log vas
especially valuable in logging portions of wells in which casing had
been installed. TLogging equipment was used cooperatively by the USGS
and the Texas Water Development Board, with expenses shared equally by
the two agencles.

Resistivity and, in many cases, gamma-ray logs, were run in all bor-
ings drilled by the Corps of Engineers with excellent results, Being sble
to correlate with the “e" logs was most gratifying for it greatly reduced
the number of more expensive core borings that otherwise would have been
required to delineate subsurface formations and structures.
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REGIONAIL GEOLOGY

Physiography

Portions of two physiographic provinces are involved in the geology
of the region: the Edwards plateau, located northwest of the Balcones
escarpment, and the Coastal Plain, located to the southeast of the escarp-
ment. The Edwards plateau is underlain principally by limestone beds that
regionally dip very slightly to the southeast.. Many small streams have
dissected this plateau, resulting in a rugged, hilly terrain with topo-
graphic relief from 1100 to 1900 feet above msl. The Balcones escarpment
trends in a northeast-southwest direction across the northern part of
Bexar County and shows an abrupt change in elevation as well as a change
from the hill country to the northwest to the rolling plains of the south-
east. The Coastal Plain is a rolling prairie underlain by beds of marl,
clay, and poorly consolidated sands. These beds range from 425 to about
TO0 feet above msl and generally dip toward the southeast at a greater
rate than those of the Edwards plateau region.

Stratigraphy e

_Gravel beds found immediately overlying primary streta in the ILackland
AFB vicinity are remnant Uvalde terrace deposits of the Pliocene series,
Tertiary system. The nearby Edwards plateau region has been identified
as the source area for these alluvial deposits. 1In this region the Uvalde
gravels are now found deposited only on areas of higher relief but once
covered extensive areas in and south of the Balcones fault zone. The
deposits range from 5 to 15 feet in thickness and consist of limestone
and chert gravel, and boulders up to 6 inches in diameter, embedded in a
matrix of clay or silt. In many locations these gravels are also.found
to be caliche cemented. Alluvial materials, clay, silt, sand, and gravel
overlying these Uvalde gravels, are of Recent age. They were derived
from the Cretaceous and Tertiary system sedimentary rocks which occupy
the entire surrounding region. The alluvium ranges in thickness from
0 to about 45 feet, with the thickest and most extensive deposits in
the stream valleys. Distribution of surface soils in the Study Area is
presented on plate 6.

The rock units underlying the region discussed in this report belong
to the Cretaceous and Tertiary systems. The Cretaceous includes the
Edwards and associated limestones, Grayson shale, Buda limestone, Eagle
Ford shale, Austin chalk, Anacacho limestone, Taylor marl, and the Navarro
group. The Tertiary includes the Midway group. The Taylor, Navarro, and
Midway groups comprise the foundation rocks in the Study Area and are
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dfscussed in detail under succeeding paragraphs. The areal extent of
these formations in Bexar County is shown on plate 2, and their seouence
and approximate thickness are shown on plate 3.

Structure

Regional structural features that have greatly influenced the physi-
ography and geology of the Study Area are the Balcones fault zone and
the Culebra anticline. The Balcones zone of faulting is of variable
width, includes areas of moderate to intense faulting, and is generally
surficially characterized by a prominent escarpment. The fault zone
extends from McIennan County in central Texas to Kinney County in south-~

. west Texas. Interstate 35 follows & route more or less paralleling this

feature from Austin to San Antonio. Faults comprising this system are
generally steep angle, normal or gravity faults which are downthrown to
the south or southeast. Single faults within the system exhibit displace-
ments up to 700 feet, with the total cumulative displacements across the
zone being up to 1500 feet. The cause of the faulting has generally
been attributed to tensions created as the Coastal Plain settled under
its continual depositional load. Once the tensional forces exceeded the
elasticity of the rocks, faulting or rupturing was inevitable, and the
prominent escarpment between the Edwards plateau and the Coastal Plain
was developed. Fault trends and topographic expression of these features
are shown on plate 2.

Structural geology features resulting from Balcones faulting are
shown on plates 4 and 5. The location of these profiles which encompass
the Study Area is shown on plate 2. The other structural anomaly, the
Culebra anticline, is & broad, southwest plunging anticline which
extends from north central Bexar County into eastern Medina County.

The fold, 7 to 9 miles wide, consists of a core of Austin chalk over-
lapped by beds of Taylor and Navarro age. Faults border .and terminate
the flanks of this anticline. .

GEOLOGY 'OF THE STUDY AREA

Physiography

The area encompassing lackland A¥B is characterized by a very gently
rolling topography that has been modified by construction grading and
leveling. The principal drainage for the area is controlled by Leon Creek
which traverses the northeast and eastern boundary of the base. Within
the eastern area, ILeon Creek has incised its channel near the toe of a
fairly steep bluff. This has resulted in & topographic feature that
exhibits approximately 84 feet of relief.
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Stratigraphy

The overburden materials at Lackland AFB are approximately 20 feet
thick and consist of silty, limy clays derived from the clay shales of the
underlying formations. Chert and limestone gravel beds of varying thick-
ness which have been derived from the nearby Creteceous formations are
~also present throughout the area. Subsurface data indicate an average of
5 feet of clayey gravel overlying primary strata. Clay content in these
materials is variable; at some localities they are clay choked and rela-
tively ilmpervious, whereas, at other localities, the clay is absent and
they are free draining. Water is usually present in the gravel beds and
discharges from them in exposed surfaces or in drill holes. Rate of dis-
charge ranges from slow seepage to free flow, dependent on the clay content.

Several commercial gravel pits are belng operated along Leon Creek, outside
the military bases.

Three geologic units are represented in the subsurface strata within
the study Area. Primary strata of Cretaceous system include the Taylor
marl and the Navarro group, and those of the Tertiary system are repre-
sented by the Mldway group.

The Taylor marl is a soft to moderately hard, calcareous shale or
marl which is found only along the extreme northern edge of the Study
Area on the upthrown side of fault A-A beneath a thin mantle of the Navarro.
The Taylor attains a maximum thickness of about 315 feet at Iackland AFB.

The Navarro group is a sandy, silty clay shale and, in most cases,
exhibits Jjointing, fracturing, and weathering features to a depth of T0
to 80 feet below the ground surface (Figure 1). The Navarro immediately
underlies the overburden in the southern one-third of the Study Area,
within a small portion of the Hospital Complex area, and beneath almost
all of Kelly AFB. The maximum thickness of the Navarro within the Study
Area is epproximately 450 feet.

The Midway group underlies the northern two-thirds of the base, with
the exception of the area underlain by the Navarro in the Hospital Complex
area, This structural discontinuity in the hospital area is a result of
faulting., The Midway is divided into upper and lower members to better
define structural conditions in the area. The lower member, approximately
60 feet thick, consists of glauconitic clay with glauconitic sandstone
beds up to 5 feet thick. A relatively pure bentonite bed from 2 to 5 feet
thick is present in the Iower Midway, approximately 8 feet above the
Midway-Navarro contact. This horizon appears fo be a good marker, as it
has been ldentified in core logs at both lackland and Medina bases. The
upper member consists of a highly plastic, montmorillonitic clay shale.
Generally speaking, all cores from the Upper and Lower Midway within the
Study Area show extensive jointing, fracturing, and weathering (oxidation)
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to a depth of approximately 50 feet below natural ground surface. Maxi-
mum thickness of the combined Upper and Lower Midway at Iackland AFB is
250 feet. This interval is located in the northeast section of the base,

Structure

The strike of these Cretaceous and Tertiary strata is approximately
N30°E and they have a general dip of approximately 3 degrees to the noxrth.
As evidenced by the dip of the beds, it appears that Iackland AFB is
located on the north flank of a small anticline that is oriented in an
east-west direction with the crest located a short distance south of the
base. Thils structure is possibly associated with the Culebra anticline,
discussed earlier. The geology at ILackland AFB has also been greatly
influenced by faulting. Three major faults have been located and are
identified as faults A-A, B-B, and I-I on plate 7. Two of these faults,
A-A and B-B, occur in the hosplital area and are discussed in detall under
"Structure of the Hospital Complex Area." The third fault, I-I, is
located near the southern boundary of the base and strikes epproximately
east-west. The fault is downthrown to the south and has a maximum dis-
placement of 180 feet at Military Highway. The displacement decreases
toward the west, as shown on plates 8, 9, and 10. The fault brings a
thin, narrow section of Lower Midway to the surface, as evidenced by
glauconitic clays which were noted in logs of test borings made at the
Kelly AFB Security Building site. A minor fault, G-G, located in the
central part of the base, strikes N38°E, and is downthrown toward the
north. Maximum displacement is 75 feet at the west boundary of the res-
ervation and the throw decreases rapidly to the east. This feature is
probably an asset as it concerns structure foundations since it reduces
the areal extent of the bentonitic Upper Midway within the base, Other
minor faults, designated F-F and H-H, vere found in the Study Area, and
their locations and extent are as shown on plate 7. Three geologic sec-
tions have been developed depicting the subsurface geology for the Study
Area. Plate 8 shovs section A-A' along the western boundery of the base,
plate 9 shows section B-B' along Military Drive in the center of the res-
ervation, and plate 10 shows section C-C' along the eastern boundary of
the base. These sections were further develoPed into the isometric fence
diagram, presented on plate 1l.

Ground Water

An effort was made to obtain water level readings in each boring
drilled during the subsurface investigations to establish the water table
condition throughout the Study Area. After the first few NX fishtail bor-
ings had been completed, attempts to obtain ground-weter readings were




unsuccessful., Without exception all of the borings "bridged over" gener-
ally near the top of the primary strata, In some cases 1t was necessary
to0 re~enter and condition the borings Ttefore electric logs could be run.

A perched water table is present throughout the Study Area, but no pattern
could be developzd. It zppears reasonable to assume that the free water
generally found in the gravel stratum is recharged from the surface, and
is dependent on local precipitation and watering practices. Additional
ground-water data were obtained during the investigation of the Hospitel
Complex area and ere discussed in detail under that portion of the report.

GEOLOGY OF WILFORD HALL HOSPITAL COMPLEX AREA

Location

The Hospital Complex is located in the north-northeast corner of the
lLackland reservation, as shown on plates T and 12, At present, the only
buildings in the Complex are the multistory Wilford Hall Hospitel, MacKown
Dental Clinic, a medical laboratory, and the boller plant. Future construc-
tion will include additions to the hospital and a number of permanent type
medical support buildings.

.previous Investigations

Previous investigations conducted in the Hospital Complex area included
drilling a number of auger and core borings for design studies of the

hospital, dental clinic, boiler plant, and wedical laboratory. The depth of
these borings ranged from 10 to 80 feet below the then existing ground surface.

Post construction‘structural distress noted at the MacKown Dental
Clinic was investigated by a series of auger and core borings. The results
of these studies and recommendations for repair were covered in detail in

a report titled "Iackland Air Force Base, Dental Clinic, Final Report,"

published by U, S. Army District, Fort Worth, Corps of Engineers, 15 November
1966, . _




Subsurface Investigations

The drilling program for the geological study at the Hospital Complex
was laid out to grid the area on 600-foot centers. Twenty-six holes were
drilled and included thirteen 3—1/8-inch fishtail type borings drilled to
an average depth of 300 feet. Electrical resistivity logs were run in
all fishtail borings and gamma-~ray logs were run in most of these holes
-to develop back-up data., Thirteen 6-inch core borings were drilled in
conjunction with the program and served a dual purpose in that they were
used for geological studies as well as test borings for foundation design
studies for the proposed hospital additions. All core holes were elec-
tric logged with the exception of 8A6C-20. Representative samples were
taken from boring 6DC-22 for mineralogical examination and testing.
Samples were also selected from the overburden materials and from the
Midway and Navarro strata for laboratory testing. Upon completion of
these investigations, an isometric fence diagram was prepared (plate 13),
depicting the subsurface conditions for the Hospital Complex area.

Two 30-inch diameter calyx holes were drilled for the purpose of
inspecting two faull zones encountered during subsurface explorations.
However, due to ground-water problems and caving condition in the holes,
both in the overburden and in the primary materials, the holes were
deemed unsafe for entry and detailed inspection. A total of h,655 feet
of fishtail and 900 feet of 6-inch core drilling was completed during -

. this phase of the investigation. 'The location and designation of the
above borings are shown on plate 7.

Seismic Survey

A test seismic survey was performed to facilitate correlation
between the core borings and to further develop the subsurface struc-
tural geology. It had been anticipated that it would be difficult to
delineate any structural anomalies by this method because of the homo-
geneous nature of the primary strata. The paucity of correlative data
is reflected in the consultant's report which states, in part: "The
information determined by this survey is very limited. The unconsoli-
dated nature of the subsurface material results in a very low velocity
and produces a very high rate of attenuation of the seismic energy."

The consultant's recommendation for obtaining better results was to

utilize a much larger detonation charge to get the seismic energy neces-
 sary to travel the required distances. This was not ®ossible due to the
proximity of permanent structures and in-use parking facilities. His
report stated further "that the record obtained through the use of
these measures might not provide much additional information." The
entire report is presented in Appendix C.




‘ Topography

The general topography around the Hospital Complex area is relatively
flat and is interrupted only to the east and south vhere surface drainage
has eroded deep ravines through the overburden materials and into primary
strata. These ravines drain toward Leon Creek approximately one-half mile
to the east.

Stratigraphy

Overburden in the Hospital Complex area generally consists of from
- 2 to 5 feet of black, highly plastic clay or topsoil, 10 to 13 feet of tan,
silty, and limy clay, and approximately 5 feet of clayey gravel.

.The Taylor and Navarro groupsS of the Cretaceous system and the Midway
group of the Tertiary system comprise the primary formations at the Hospital
Complex., The Taylor is present in the extreme northwest corner of the area

" and has a maximum thickness of 315 feet. The Navarro underlies most of the
remaining area and reaches a maximum thickness of U450 feet. All foundation
piers for existing permanent buildings within the Hospital Complex area

- are founded within the Navarro. The Lower Midway is fault controlled and
is present only under the northwestern half of the Hospital building. Its
maximum thickness here is approximately 15 feet. The Upper Midway is pres-
ent on the downthrown side of the major fault, B-B, which is located Jjust
south of the dental clinic. Plate T shows the location and the areal ex-
tent of these stratigraphic units. Within this report the Upper and lower
Midway lithologic units and the Navarro have been described as a bentonitic
clay shale and as a sandy, silty clay shale, respectively. This descrip-
tion has been based entirely on visual examination. Mineralogical analy-
ses performed on core samples, using X-ray diffraction techniques, reveals
the Midway to be. essentially a claystone (or shale) with approximately 70
percent Ca-montmorillonite (expansive clay) and the Navarro to be a cal-

. careous siltstone or fine sandstone with approximately 30 percent or less
Ca-montmorillonite. Since the mineralogy of these primary strata appears
to bear significantly on the problems resulting in the use of these
materials as a foundation medium, this subject is discussed later in
detail under "Summary of Mineralogical Analyses." The consultant's report,
based on his mineralogical analyses, is presented in Appendix D.

Structure
e o

Poundation rocks in the subject area are intensely faulted and frac-
tured. Two major displacements have bzen delineated which bracket the
Hospital Complex. One is located 1200 feelt east-northeast from the center
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of Wilford Hall. It is identified on plate 13 as A-A, is a normal fault
wvhich strikes N50°E, and is downthrown to the southeast. Total displace-
ment appears to be about 400 feet., This fault has been noted in previous
geologic reports and has been traced for 17 miles in southwest Bexar
County. This is also the fault mentioned earlier that had been confirmed
by surface geology studies. The other major fault is a normal fault, des-
ignated B-B, and is located 800 feet due south of Wilford Hall hospital.
It strikes NSO°E and is downthrown to the south, exhibiting a maximum
throvw of 180 feet just south of the Dental Clinic, with decreasing slip
‘or displacement toward the east. This fault intersects fault A-A Just
west of Military Highway. Within this area the fault brings the Navarro
in contact with the Upper Midway on the downthrown side. A minor fault,
C-C, striking NUS5°E and dipping to the north, exhibits approximately 30
feet of displacement. This fault zone passes beneath the center of the
hospital and accounts for the thin section of Lower Midway under the
northwestern half of the building. Three other small faults have been
located within this area. Their location and position relative to the

ma jor structural features are graphically depicted on plate 13.

Ground Vater

The ground-water table at Iackland AFB presents an unusual situation
in that it appears that a true perched water table exists in the granular
materials at the base of the overburden. Ground-water levels in the Upper

- Midway and Navarro strata which are independent of the perched water, have

been investigated by installing 1l open tube well-point type piezometers
in the general vicinity of the Hospital Complex. The depth of piezometer
inteke points ranges from 10 to 80 feet below the ground surface. The
piezometer tubes are sealed so that they will reflect only the water

pressure at the intake point. ILocations of the piezometers are shown on

plate 7. Subsurface profiles with ground-water information are shown on
plates 17 and 18. Generally, the perched water is encountered in arill
holes at depths between 5 and 15 feet below the ground surface, and
piezometers set within this zone reflect this water level, Piezometers
set at depths of 30-50 feet below the ground surface and below the zone
of perched water do not indicate the perched water level but show a
deficit head of as much as 25 feet below the known elevation of the
perched water table. Piezometers with tips set approximately 75 to 80
feet below the ground surface have remained dry for a period of several
months. One exception, piezometer No. 8, with the intake set 35-39 feet
below the ground surface, reflects the piezometric head of the perched
water table which, at this location, is 11.0 feet belgy the ground sur-
face. The piezometers have been checked several times by filling the
tubes to the ground surface and observing the rate of fall to the point
of equilibrium. From the investigations it is concluded that, at some
point below epproximately 25 feet, there is a deficiency in water
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| pressure and this deficiency increases until, at some point below approxi-

mately 40 feet, the head in a piezometer becomes zero. Field measurements
of negative pressures have not been made, but laboratory tests indicate
negative pore pressure {or suction forces) greater than 200 psi exist in
strata of the Upper Midway and Navarro groups.

ENGINEERING PROPERTIES OF FOUNDATION MATERIALS

Sampling Procedures

Samples of the overburden and primary formations were obtained for
laboratory testing from selected borings drilled at Lackland AFB. The
locations of borings from which samples were taken are shown on plate T.
The samples were chosen to be representative of the overburden and the
Upper and Lower Midway and the Navarro. The samples of overburden were
obtained with an earth auger and Denison barrel sampler; samples of the
primary strata were obtained by using a 6-inch core barrel. Samples were
protected from disturbance and moisture changes by placing them in sealed
containers during transfer to the testing laboratory.

Identification Tests

‘Liquid and plastié limits tests and hydrometer grain size analyses

were conducted on samples representative of the subsurface materials encount-

ered. Typical test results showing the range of values for liquid limits
and plastic indices for the various materials are shown on plate 19. Par-
ticles smaller than 0.002 millimeters ranged from 20 percent in the Navarro
to 60 percent in the Upper Midway.

Even though the percent of colloidal sizes showed & relatively wideeO*
range for the various materials, the activity index, as defined by Seed,
lies generally between 1.5 and 2.0 for all the materials, This indicates
that the colloids are probably of the same general mineral type and, accord-
ing to mineralogical analyses conducted on these materials, are of the
montmorillonite group. For further information on mineralogical studies,
see “Summary of Mineralogical Studies" on page 17.
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Molsture Content and Density Tests

Moisture content and density tests were conducted on undisturbed
samples obtained from the selected borings. Correlation of moisture and
density test results with respect to depth are shown on plates 20 through
23 for each of the materials investigated. The effective overburden
pressure~-depth correlation for Upper and Lower Midway and Navarro materials
are shown on plate 2k. Since the water table encountered at approximately
10 feet appears to be a perched water table, the moist unit weight has
been used in determining effective pressures.

Shear, Compressjon, and Consolidation Tests

Direct shear, confined and unconfined compression, triaxial shear,
and consolidation tests were conducted on specimens from each of the
three primary formations. Results of strength tesis are tabulated in
tables 1 through 3. In those samples which showed jointing, the compres-
sion tests were conducted in a triaxial chamber with the chamber pressure
equal to effective overburden pressure. The compressive strength was
taken to be the value of oy - 0,. This would correspond to recommended
test procedures for stiff, fisslired clays. Correlation of compressive
strengths with respect to depth is shown on plate 25 for the three
formations.

Direct shear tests were conducted on samples of the Upper and Lower
Midway and the Navarro, with tests conducted on pre-split specimens; that
is, specimens with a pre-formed failure plane. It has been noted by some
observers that the shear strength derived by this test procedure repre-
sents the long term shear strength of a material having fissures. How-
ever, the use of these test values has not been evaluated for use in
design of building foundations which consist of deeply embedded piers.

Results of typical consolidation test results are shown on plates
26 through 28. It should be noted that these tests are subject to a
great deal of interpretation. Settlement analyses for this report were
conducted using these test values with the only interpretation being that
they represent results of tests conducted on highly overconsolidated clays.
The influence of sampling procedures, changes in environment, changes in
electrolyte in pore water, and other changes from in situ conditions have
not been evaluated in this report. It is believed that each of these
changes increases the amount of apparent consolidation indicated for
each test load increment and reduces the potential exfi:nsion pressures.
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Bearing Capacities

Bearing capacity with respect to shear strength and permissible
settlement has bezen determined using typical values. In determining com-
parable allowable bearing capacities from data obtained in this study,
certain assumptions were made:

Depth of Footing - Thirty-five feet belovw ground surface. This
would place the footings somez 20 feet into the primary formation.

Size and Shape Footing - Circular bell having & L-foot diameter.,

Soil-Shaft Friction - No skin friction on shaft. This implies
that the totzl load is. transmitted to the bell and is effective both in
shear and consolidation. '

_ Shear Strength -~ Test procedures accurately defined in situ
shear strength.

' Consolidation - Material is overconsolidated clay, and test pro-
cedvre accurately defined the compression index.

Using these assumptions, a comparative analysis of the allowable bearing

capacities for the three formations is shown below.

: : Allovable Bearing Capacity, TSF
Formation : Unconfined Compression : Shear : Settlement
Upper Midway 12 9 5
Lower Midway 6 25 T
Navarro 20 ) 32 20

The allowable bearing capacity with respect to settlement allows a maximum
predicted settlement of 1.0 inch and a possible differential settlement of

an adequate factor of safety.
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SUMMARY OF MINERALOGICAL AMALYSES

Iackland Air Force Base Sauples

Representative samples of the three primary strata (Upper and Lower
Midway and Favarro) and of the black, fat clay overburden vere subjected
to X-ray diffraction analysis. The principal ninerals identified in the

- primary materials were montmorillonite, mica (illite), chlorite, quartz,
and feldspar. Montmorillonite, guartz, gypsum, and calcite were the
principal minerals found in the overburden soils. Montmorillonite, illite,
and chlorite are recognized as the primary clay-forming minerals. Of the
clay~forming minerals found in the subject materials, montmorillonite is
recognized as having the least desirable engineering characteristics be-
cause of its potential volume change. Results of the mineralogical analy-
ses are presented in Appendix D.

Définition of Cley and Montmorillonite

Tne term clay as it is commonly used carries with it three implica-
tions: (1) a naturally occurring material with plastic properties, (2) an
essential composition of particles of very fine grain size (less than 2
microns), and (3) an essential composition of crystalline fragments of
minerals that are essentially hydrous aluminum silicates or occasionally
hydrous magnesium silicates. The term implies nothing regerding origin
but is based on properties, texture, end composition.

. Montmorillonites are defined as a group of clay minerals having a
definite structure. Their formulas may be divided by substitution in the
general formula Al)(SiOy 0y4),(0H);xH,0 with deficiencies in charge in the
tetrahedral and octahedral positlons alanced by the presence of cations,
most commonly Ca and Na, subject to ion exchange. They ars characterized

by swelling in water due to introduction of inter-layer water in the dlrec-
tion of the C~axis,

Properties of Montmorillonites

The montmorillonite structures has layers consisting of one aluminum-
hydroxyl unit sandwiched between two (Si Ol )sheets; these layers are
stacked one above the other in the "c¢" axis direction, with water molecules
between them, The interlayer bond is an oxygen—to—oxyé!n bond which resulis
in a weak structuwral connection. A characteristic feature of montmorillonite
is the high variable vater content, which is reflected in the basal spacing,
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" ranging from 9.6 Angstroms in a dehydrated material to 21 bt Angstroms
when the mineral amproaches water saturation. Montmorillonite 1is therefore
said to have an expanding lattice.

96-2.L4A+ nH20

60
4 Si

£ A_Q 5 2(0H) +40
x4l
N, v \< N

¢ axis ~ 7 ’</_, VY t) 2 (OH) +40

4 Si
— 60
b axis

Schematic of Montmorillonite Structure
A1y (Siy0710)o(0%)), « xH0

The characteristic swelling of the primary strata at Izckland AFB is due to
their montmorillonite content. As shown by the minerelogical analysié, the
clay samples in their natural state had a basal spacing of 17.7A and that

of an air-dried sarple was 14,2A, This represents a volume change of 25 per-
cent. This value of 25 percent volume change is a minimwa, and values of

25 to 50 percent probably occur.

The analyses indicate the composition of the Midway is relatively con-
stant with approximately 70 percent Ca-montmorillonite. The ilavarro con-

tains considerably less Ca-montmorillonite, spproximately 30. percent a maximum

dovn to a trace.

Recognition of Lxpansive (Clays .

Most of the research on expansive clays has been conducted on remolded
or manufactured materials. ' The problems associated with testing undisturbed
materials are greatly multiplied because of varistions in density, moisture
content, and stress history. Skempton<2 proposed a fairly simple index to
delineate "active" materials., This index is defined as the ratio Plasticity
Index/clay fraction. More recent investigations by Seedl9, using results
of controlled laboratory experiments, have more closely defingd this value
to be equal to the ratio PI/(clay fraction - 10%)., Skerpton2? and others
have identified “active" clays as those having an activity index greater
than 1,25, and the higher the nuiber the more active the clay.
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Tests conducted on materialc from ILaeckland A¥B indicate an activity
index ranging from 1.5 to 2.5. It can therefore be concluded that, in
generzl, the subsurface materials et Lackland AFS range from active. o
very active. An exception to this was found in material from boring &D-
22 below a depth of 80 feet. Samples obtained from this stratum did not
show zny montmorillonite, It is of interest that thic material was also
below the zone of Jjointing, Whether the Jointing is due to the prasence
of montmorillonite or thes montmorillonite is a product of weathering or
the occurrence is coincidental has not been resolved, The first possi-~
bility is considered the more probable., The expancive properties of the
clay minerals are currently being investigated by both leboratory proced-
ures and field performance. The findings of these investigations will be
reported in "Bullding Foundations in E:pansive Clays," to be published by
the Fort %Yorth District., ‘

SUMARY OF CASE STUDIES
Scope

Results of field investigations and engineering analyvsis of 2 detailed
study of selacled existing structures in the Southvestern pzrt of San
Antonio, Texas, are presented in this section. Structures on both mili-
tary reservations and private property were included in the study.

Purpose

The purpose of the case study was to examine buildings constructed
at military installations and on adjacent private property to determine
if a correlation could be made between building distress and (a) the
foundation material, (b) the foundation design, (c¢) the superstructure
design, and (d) the building location. 3Buildings showing no distress
were a2lso examined to determine what, if any peculiasrity in foundation
material, foundation design, superstructural design, or locality might
offer clues for successful design, construction and service.

Design Assuzptions

Until recently, foundation and design engineers assumed that most of
the foundation problesis in the San Antonio-area were caused by swelling
clays, They used dezp footings, structurally supported floor slabs over
void or crawl spaces, voids beneath grade teams, and reinforcing steel
in pier shafts to atiempt to overcome the effect of these swelling soils,
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Distress was still experienced in many buildings even vhere these design
features were included. Yhere this occurred, the distress was attributed
to differential settlement of the foundation materisl herneath the support-
ing pier footings. However, detalled surveys on at least two major build-
ings showing distress, together with interviews with several prominent
design engineers who have had wide experience in foundation design in the
Study Area, led to the conclusion that heaving rather than settlement may
be the primary cause of building distress, Turther, since many of the more
recently constructed buildings have foundations isolated from the swelling

surface soils, it must be concluded that the swelling or heaving is occurring

within the deeper soil strata and primary clay shale foundation materials,
This reaction may be teking place against the pier shafts, the base of the
footings, or a combination of reaction in both areas.

Geology of the Case Study Areas
Generally, the geologic formations involved in the case study survey
areas are as follovs:

a. Iackland AF3 - Northern half, Midway group; southern half,
Navarro group.

b. Kelly AFB - Navarro group.
C. Brooxs AFB - Wilcox group.

' d. ©Shopping Center and Junior High School west of Lacklend AFB -
Midway group. '

e. _Elementary schools north of Lackland ATB - Taylor marl,

f. St. Mery's University - Taylor marl.

Identification of the above geologic groups, with the exception of those

at Tackland A¥B, is based on information derived from the Rexar County
geologic map, A detailed geological investigation would be required at
each site to positively identify the geologic formation in which the foot-
ings for each building were bottomad. The overburden material at each site
is a high plasticity clay (CH). A chert and limestone grevel is usually
encountered immediately above the clay shale primary formation and varies
in depth and thickness at each building site.

Areas of Investigation p.

The areas selected for the case study survey include Lackland, Xelly,
and Brooxs Air Force Pases, commercial and public school buildings just
north and west of Lackland AFB, and St. Mary's University campus, which
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is located approximately 5 air miles northeast of Wilford Hall Hospital,
Tackland AFR, Locations of buildings examined at Jacikland AFB are shown
on plate 29, those at Kelly AFB on plates 30 and 31, those at Brooks AFB
on plate 32, and nonmilitary buildings examinesd are shown on plate 33,
Military base Locations with respect to San Antonio are shown on plate 1.
The building nusbers shown on these plates refer to the building numbers
on the Case Study Survey Data Sheets for each respective area.

Iackland fir Force Base - Most buildings at Lackland AFB are temporary,
wood frame, asoestos shingle structures constructed during the late 19L0's
and the early 1950's. These buildings can take a considerable amount of
differential foundation wovement without showing signs of distress in the
superstructure. The most recently constructed buildings are rigid frame
(steel) with masonry exterior wells and plaster interior walls, These
structures show signs of distress with only a small amount of foundation
‘movement. This difference in type of construction is believed to be of
major importance in attempting to analyze and correlate the distress found
in each structure.

Eight of the temporary buildings were examined, six of vhich had
drilled and underreamed pier foundations about 20 feet below ground surface
in weathered clay shales., Another had the same type of footing landed in
gravel about & feet bzlow ground surface. The eighth building had e founda-
tion censisting of a turned down edge slab on overburden. Swelling soil
. beneath the building on the turned down e=dze slab had brokan the slab and
perimeter beams to such an extent that it resulted in dlstress to the
building superstructure. The building founded on drilled and underreamed
footings on gravel showed no signs of distress. Five of the six buildings
on drilled and underreamed pisrs vere founded on the Midway clay shales,
the other on the Navarro clay shales. Thz buvilding on the Havarro showed
distress due to foundation movement, as did three of the five buildings
on the Midway. All buildings with drilled and underreamed foundations had
a design footing load of 3.0 XSF, )

Six buildings with rizid frame structure were examined, five of which
were founded on drilled and underreamed footings founded in clay shales,
The other building was constructed on spot footings landed on gravel. This
building has shown no distress. The two buildings founded on lNavarro clay
shales are the hospital and the dental clinic. The hospital is a multi-
story building with footings landed at depths from 50 to &7 feet below
ground surface. Design footing loadings varied from 8.0 to 16.0 KSF.
Footings for the single story dental clinic are 35 feet below ground sur-
face with & design loading of 6.0 KSF. Distress that developed in these
buildings has been the subject of considerable field and laboratory inves-
tigations with the conclusion that the distress was caused by swelling
materials sround the pier shafts end/or beneath the footings, causing
wpward movement of the footings.,
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The middle one of three recruit training and housing buildings constructed
in 1952 has shown distress. These buildings were of identical design with
drillied and underreamed footings landed in the Midway clay shale at a depth
of 30 feet below ground surface, During drilling of the pier holes for the
middle building, some of the pier holes became flooded from surface runoff
and water remained in them for several days. This could have caused the
foundation stratum to swell then reconsolidate or to swell after the build-
ing load vas added, '

The other two rigid frame structures examined, both with footings landed
in Midway clay shale about 35 feet below ground surface, have footing design
for about 6.0 KSF., One has shown distress vwhile the other has not. Perti-
nent data sheets for all structures inspected at Lackland AFB are shown on

pages 33 to U7,

Xelly Air Force Base - For this report, Kelly AFB has been divided into
two areas; Main Kelly and the "2000 Area." Main Kelly includes all struc-
tures located to the east of the main N-S runway, and the "2000 Area" is a
small area adjacent to Highway 13 southeast of Lackland A¥B and souvthvest
of Main Kelly (see plates 30 and 31). Buildinzs at Main Xelly and the "2000
Area" gre permanent structures vhich were constructed between the early

- 1940's to the early 1940's. -

Buildings examined at Main Kelly included six rigid frame structures,
three of which were founded on drilled and underreamed piers at depths of
from 35 to 57 fest below ground surface in MNavarro clay shales. Tne other
three were foundsd in dense gravel on dug or drilled footings ranging from
10 to 20 feet below ground surface. Allowable-bearing pressures on the
clay shale ranged from 4,0 to 5,0 KSF and on the gravel from 6.0 to 10,0
KSF, No evidence of distress was found in these structures.

Seven buildings were inspected in the "2000 Area" of Xelly AFR, six
of which were found to have experienced severe foundation movement. fThe
Chapel, which does not reflect any foundation movement, is a wood-frame
structure founded on shallow continuous footings bottomed in gravel,

The Communications Security Services building is a three-story struc~
ture with a reinforced concrete frame and reinforced concrete block,
plaster, or zlazed tile construction. The foundalion consists of drilled
and underreamed piers bottomed in unweathered Navarro shale some 95 feet
below the natural ground surface. The crawvl space beneath the first floor
is approximately b4 feet in depth. The floor is thickenesd at pier locations
to act as a pier cap, with the pier being connzcted directly to the cap
with no intervening pedestal, The piers and exterior walls do not show
any signs of distress but the floors show warping, and the interior par-
titions have numerous cracks, indicating differential vertical wovement,
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The mess hall is a wood framez structure with asbestos siding walls
founded on drilled and underream=d piers bOuthﬂd 32 feet below the pground
surface., Althouzh the wood frame does not reflect any Toundation movement,
the :xade beam is cracked, reflecting foundatlon movemsnt, Photograph 1,
£ioure 2, shows one of the cracks resulting from this movement.

The other four buildings have rigid frame structures with concrete

block walls and are founded on drilled and underreamed piers bottomad in

clay shale of the Navarro ;roup approximately 35 feet below the ground sur-
face, - All the buildings are supported over a crawl cpace, Rach of these
buildings has experienced severe foundation movenent. In one of the
buildings approximately 75 percent of the pedestals connecting the pier to
the floor beams were fractured and have since bean repaired. Numerous
cracks have appeared in the interior and exterior walls. Examiration of
the buildings showved that cracks which were once repaired have reopened,
indicating a continuing movemsnt. Pertinent data sheets for all structures
. inspected at ¥Xelly AFB are shown on pagzes 49 to 62,

Brooks Air Force Pase - Most of the buildings at Brooks AIB are per-
manent type suvructurcs constructed in the late 1950's and 1940's. The
- school of Aero-ZSpace Medicine occupiles some ten newly constructaed build-
ings in the northwest corner of the base. The permanent structures are
of both steel or concrete frame and load bearinz wall ccnstruction. The
building foundations consist of drilled and underreamed piers bothtomed in
clay shales of the ¥llcox group. Depth of footings varies from 25 %o 35
feet below the natwral ground surface and the footings are generally sized
for an allowable bearing capacity of 5.0 K3F,

Four permanznt type buildings vere 1nspectod and thzy have floor slabs
which are structurally supported; three over a crawl spzce and one over
6-inch cardboard carton forms. Buildings with floor slabs placed over a
cravwl space showed no distress. The building with the floor slab placed
on carton forms has suffered severe distress vhich is reflected both in
the floor slab and interior walls, The cause of this distress was deter-
mined to be uplift pressure from expensive overburden material. This
material became wet and swelled beyond the limits of the 6-inch void formed
by the carton forms. Uater lines were placed beneath the structure in the
expansive soil, Zxpansive forces broke or disjointed many of these water
lines which accelerated and increased the swelling of the overburden material,
A 3-foot cdeep by 3-foot wide trench was constructed beneath and in the center
of the structure to free the water lines. 1In addition, this trench probably
acts as a semi-void area beneath the floor slab, No additionzl disturbance
has been noted in the building since the trench was constructed and repairs
made., ’ g

It is of interest that at least two of the buildings in the School of
Aero~Space lMedicine are situated across two known faulis, Foundation
materials varied from one side of the fault to the other, and footing depth




and size were edjusted to accomnodate the change of material., These build-
ings have performed satisfactorily. Pertinent data sheets for all structures
inspected at Erooks AFB are shown on pages 03 to oT.

Commercial and Public School Buildings - The Valley-Hi Shopping Center,
Sam Rayburn Junior High School, Westwood Terrace and Mary HKull Elementary
Schools, John F. Kennedy High School, and several buildings on 5t. Mary's
University campus vere inspected. Locations of these buildings are shown
on plate 33. The buildings are rigid frame (steel) with plester interior
walls and masonry exterior walls. The buildings on St. Mary's campus were
constructed in the late 1950's. The other buildings were constructed between
1960 and 1954, The building foundation designs ere variable, some teing
drilled and underreamed piers and some a raft (mat) type foundatici.

The Valley-Hi Shopping Center and Sam Rayburn High School are located
between Ioop 410 and lackland AFB, The shopping center is of concrete block
type construction. The foundation is drilled and underreams=d piers bottomed
35 feet below natural ground in shaly clay (Midway formation) with the floor
slab placed on a gravel fill. The school is steel frame masonry construc-
tion with concrete blocks exposed as interior walls. The foundation for
the school is the same as the shopping center, except that the floor is
structurally supported. Foundation movement has occurred at both buildings
with resultant distress to the superstructures, Paotograph 2, figure 2,
and photograph 3, Tfigure 3, show typical distress experienced at the build-
ings. The distress occurred almost immediately afier completion of con-
struction and was so severe that the interior architectural features of
both buildings were revised to allow for foundation movement.

Two elementary schools located just north of Highway 20 (see plate 33)
vere inspected and found to be in good condition. These buildings are steel
frame with masonry vw2lls and are foundzd on mat type slabs, The interior
walls are masonry but carry no roof load. The slabs were placed on 24 inches
of caliche gravel and heavily reinforced. At each steel column, the beams
are spread to act as a spot footing. This tyve foundation design has been
very successful for one-story structures with steel columns and girders.

The John F. Kennedy High School, located just north of the entrance
to Kelly AF3, is a two-story structure with full basement. The building
has reinforcad concrete columns and girders with masonry exterior walls and
plaster interior wzalls. TFoundation for the structure is pier and bean,
with piers extending approximately 50 feet below natural ground into unwezth-
ered Navarro snzle, Tnhe building has very heavy column loads, is in very
good condition, and shows no evidence of foundation movenan'®,
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Buildings on the campus of St. Mary's University were inspected to
determine behavior of structures founded on the Taylor group marls and clay
shales, It was obvious from visual inspection that many of these buildings
have foundation problems but, dus to the lack of construction and design
data, only two are discussed. Cne of these buildings, used for classrooms,
is a three~story reinforced concrete framz structure with plaster interior
walls and masonry exterior walls. The foundation is drilled and underreamed
piers bottomed 35 feet below natural ground in shaly clay. The first floor
slab 1is structurally supported over a crawl space, MNany large diagonal
cracks arce visible in all three stories of the interior walls. Typical dis-
tress cracks are shown on photographs 5 and 6, figure Lk, This building
has suffered severe distress from foundation movemsnt. The other building,
a men's dormitory, is also a three-story, reinforced concrete frame struc-
ture. The foundation for this bullding is the same as the classroom struc-
ture except that the top 25 feet of the pier shaft has a 3-inch layer of
pea gravel around it to act as a friction reducing medium, In addition,
an underground drainage system was installed conmpletely around the perime-

‘ter of the building extending from the ground surface to the top of a
naturally occurring gravel stratum vhich overlies the primary formation,

The purpose of the drainage system vas to intercept ground water which

might otherwise infiltrate the pea gravel surrounding the piers and funnel
dovn the pier shaft to the base of the footings. Since the building shows
signs of foundation movement, it does not esppear that the special desizn
incorporated in this building was entirely effective. Fhotogragh L, figure
3, shows distress to the building. Pertinent data shzets for all nonmilitary
structures are shown on pages &9 to 7§,

Interviews with Engincers

Several prominent enginsers were interviewed to determine what methods
private foundation engineers were using in the San Antonio area to overcome
the expansive soil and/or foundation problem, Most of the engineers inter-
viewed felt that pea gravel or similar so-called friction reducing material
was not suitable to place around pier shafts. They felt that this created
a funnel for vater to reach the base of the pier shafts, The engineers
vho were interviewed believed that the primary material has a moisture
deficiency to the base of weathering. One engineer casually remarked that
he had experienced the most severe problems with piers that are poured in
a dry hole; that piers placed in wet borings performed satisfactorily.
Because of this moisture deficiency the engineers believed that the pea
gravel funnel would create more problems than it would solve in that the
gravel would provide access of water to the zone of moisture deficiency.

The current practice of most enginesrs is to extend the drillad piers
well into the unweathered shale.and to design against uplift by adding
more reinforcing steel in the pler shafts, The uplift forces vere assumed
to be expansion forces from the overburden soils and weathered primary
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eers believed that the uplift forces were very

strata. Some of the enzin

large; thereforna, ths r2qu virad ratio of reinforcing steel to concrete
should be approximately 5 percant. Sowe engineers place the pier shafts
in cormpression before the superstructure load is appolied, the theory being
that the piers in pre-compression can resist a certain amount of tensionzl
force from the materizl in which it is embedded before the pier itself is

placed in tension. Construction of this type pier is very expensive.

Other tyvoes of foundations have been considered by private engineers
but are not usad for various reasons. Driven friction pile foundations
are not used dus tn the initial construction cost-and, also, due to the.
uplift forces that would be assumed to act on the piles if the foundation
materials swelled. Rafi or mat-type foundations are rarely used for large
structures, primarily because there is no simple way to design them prop-
erly. Inzinesrs who use this type foundation rely chiefly on experience
to determine size and depth of the finished mat, Raft-type foundations
that have proved to be successful are made very rigid by placing heavily
reinforced interior stiffener beams 15 feet on center. This type founda-
tion desizgn is used on buildings in which architectural features allow
some novenent.

In summary, the current practice is to ke?p pler shafts as small as
practiecal, add 3 to 5 percent reinforcing steel in the shafts and extend
the footinrs to = material that is believed to be moisture sufficient.

Results of Case Study Survey

Pased on the case studies, certain broad generalizations cen dbe made
with regard to building distress in the Study Area.

e

]

h reference to foundaltion materlals, no distress was found in nnv
& founl2d on dense gravel strats at any of the localitiss inves-
.. Toundation des i"n on gravel strata included drilled piers, spot
foo s, and continuous footings, so it appears that ths foundatlon
moﬂwum ﬂrnved satisfactory regardless of the foundation design. o build-
ing founded on ths ¥ilcox group clay shales at Brooks AF¥R or on the Navarro
clay shales at K2lly AFB showed any evidence of foundstion disiress. These
formations appesar to contain less montmorillonite than other clay shales
investizsted in the Study Area., 3Building distress appeared to be most com-
mon in buildings founded on MNavarro and Upper Midway clay shalps, both at

nd
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Iackland AT = located immediately adjacent to Tackland AT3., Tese
stirata weare o o contain the highest narcenéq»o of montnOflllonlt-.
Mo correlation co lld be made between distress and depth of footings in
these foruations,




Apparently there is not much correlation between superstructure

desinn and distrass except that distress was less apparent in wood frame

cormparad To rigid frame structures. It could noh be determined that
suparsiructure d-ciﬁn had caused building distress; therefore it vas

<

asswazd the distress was csused by foundation movemant,

Mo evidence could be developed that correlated building distress
to locality. Distress has occurred to buildings irregularly located at
both Tackland and Xelly Air TForce Bases. Also, distress could not be
correlated with topozraphy or utructural geologcy features, such as fault
or shear zonas

Pirally, correlation could not be made between foundation design
and b411u~ug foundation distress. Distress was evident in buildings
founded both on shallow 2nd deep drilled and underreamed piers and on
spot or continuous footings, while other buildings with the same founda-
tion desizns in the same foundation media showed. no sizn of distress.

It was found that all buildings with slab or grade construction evidenced

some fTorm of distress.

CONCLUSIOHS AMND RIECQOIZ4EN

,\
e

in areas of significant faultinz. It is probadle that not all
Toults or shear zones vere found in the course of investiy
for this study; however, the most significant Teatures are belie
have been located, Smaller faults with minor displacemsnts of from 9 to
10 feet should be anticipated within areas betwean ths major faults.

1. 7he Study Area, and the Hospital Cormplex in particular, are
2
2

AR ons
Fo
e

2. No evidence was vuvncovered to indicate active faulting or mas
moven2nt of the foundation materials is the cause of bulll
distress. Vertical or horizontal movements of suwrface fen

ure

concrete pavement, utility poles, sewer and utility lines, etc., give

no evidznc= to support this possibility. However, fault and shesr zonas
should ©tz avoided for building locations if at all possihle. Tootings
landed in or ithroush these zones can settle or be distressed because of
the brezzn nature of the foundation materials, ﬁlso, faul® znd shear

sha
zones may furnish conduits or seeopage Pitﬂo for water to reach wmoistura
ydeficient clay shales which may sw2ll and heave a 2
‘take on even a small zmount of water., The montno

o

preciaoly wvhan tney
i

these clay shales compounds this problenm,

o
=
r

or continuﬂuq

3. Lizhtly loaded buildings founded on pisrs, saat,
yobings constructed on ths active surface soils have invariably show
ons of distress. Thess soils also nave an adverse effezct on water
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lines and floor slabs; however, this problem can ba controlled to some
extent by placinz floor slabs over a crawl space and creating a void
bencath the -grade bzans,

It Dense gravel strata vhich occur at some localities in the Study
Area have been used for pier footings without developing any sign of dis-
tress to the foundation piers, grada beams, or su;er:uruotureu. Desisn
loads on this material have been in the ordsr of 5 to 10 ¥3T his
naterial is considered to be the most desiratle fdunda+1on H°Q1Lm in the
Study Area,

5. A zon2 of rather ssvere weathering occurs in the in
and Upper and Lover Midway clay shales beneath the overburden materials
throughout the 3tudy Area. This zone usually extends to at least 20 feet
and sometimes as much as 80 to TO feet below the ground surface. Clay
shales zre very heavily stained, jointed, end “ranturbi in this zons
Drillinz and underreaming piers in this material is usuzlly difficul
freguently hazardous. Settlement can take place bEn?"uJ the footings,
particularly wvhen the clay shales are severely broken and jointed, Con~
vers<ly, when wvater bzcomes available to these clay shales, probably
throuch the Jjoints ard fractures, they can swell and he2ave significantly,
thus transmitting upward foress to pler shafts and footings.

nary Mavarro
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6. Benesth the severely weatherad zone and ebove the vnweatil
primary material i a 20 to LO-foct thick zonz of mildly weatheor
shelz v i allyv weathered bult not severaly
La“” is i 2z2s0nably good foundation nas

pans]

rom intrusion of water, Thi
swell SL"nlecgrtly if 21Yowead
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7. Unweathered pzi nary clay shalas capable of
lnads zenarally occur 0O to 70 Teat below ground suef . s mater
are usu2lly montmorilleonitic, moisture dz2ficiasnt, and can develop high
swall pressures whan froe molsture is made available Lo thom. Zenerally
sp2aking, it 2ppears that building foundation problams u in
hese materials when footings in them were teoo light T
noisture was allowzd to reach the footing zrea

8. Measures presently being taken to separate b
from the influence of shallow swelling surface soils have 2o
successful, However, no suitsbdble measures have bsen &

]

e 2
nd/or footings from the influence of potenti
n

Yer shafts ¢ 2 ctd
22par so0ils and weathered clay shales, - Iriction reducing media such =s
2 gravel or vermiculite have been used for this purposz with litile.suc-
35. These materials can have an advsrse =ffect on Toundztion materizals
wrat they can provids a path for surface water vo reach the footing
2 and thus czuse nore trouble than the guastiorable bensiits derived
L J
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from them, More research needs to be done in davelopment of 2 suitable,
vater tizbt, friction reducing medium to separatbe pier shaflts from sur-
rounding soil and weathered clay shale strata.

9. Tests currently being conducted on another research projzsct by
the Fort worth District indicate that, as has lonz been suspected, build-
ing probzbly nave not been sufficiently loadesd %o overcomsz the reaction
of shallow =oil and primary materials on the piexr shafts. In effact,
piers have not been loaded in end bearing bubt rather have been supported
<in PrL01Jon and thersfore influenced by rovement of these materials,
Serlous consideration shounld be given to increasing footing lozdinzgs an
easing the size of pier footings. :

10. nxvery effort should be made to minimize environmental. change
in the foundation medium during construction. Surface water and ground
water from gravel strata at the base of overvwrden siould be prevented
from entering pier holes either during or after construction. Considera-
tion should bz given to spraying the drilled anid underrzamed pier holes
with asphalt to minimize the amount of moisture change alloved to take
place in foundation materials during and following construction.

11l. Greater use should be made of mat type foundation for small,
licghtly loaded, single story structures with the following features
< o ) ) (s}
included in the mat design:

a. Perimeter and interior beazus should extend not less than
30 inches below grade,

-b. Interior stiffeners should be spaced not more than 15
feet center to center,

c. Intersection of perimeter and interior beams should be
stiffen=d with extra reinforcing steesl,

d. 7The top 2k inches of subgrade material should be removed
and replaced with nonexpansive soil,
D P

e. Expansion Joints should bes placed on 25-foot centers in
the walls of the superstructures.

o
that generalizations can be mqﬂe for building foundation desizn criteria
in 2 given 2rea at a base or Tor an entire base except that buildings

e or Cﬁnuinuouo

~can be founded on tha d=2nsz gravel strata on piers, spot,
footings. Zach building foundation must be carefullg investisated and
desiined to asszure successful performance., In design of & .114;&
swperstructure, particularly thoss constructed on drilled end under-
rezmad plers, every effort should bs made to desizn as much flexibility
as practicavle into the superstructure so es to minimize distress which

may develop from foundation movement,

29
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13. Ceolozica2l, scoils, and mineralogical data precented in this
report should be constantly revised and updated as na2w building Tounda-~
tions are investizated, desizned, and constructed. A tetter understand-
inz of clay mineralosy and the effect of evzn a small change in molsture
content in foundation materials may aid materially in buildinz foundztion
design considerations. Quoted strength values for . foundation materials
presznted under "Engineering Properties of Foundation laterials" are not
proposed for use in foundation design for any particular bdbui but
are presented as values to be considered in future desien, Ticantly,
these values are considerably higher than allowable bearing ures
heretofore uzad for design in the Iackland AFR erea,
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1k, Isboratory test dats, geology, mineralogy, ground water, and
Toundation moisture conditions are all Tactors which must be considered
in a buildirg foundation design. The design cannot bz made bzsed on data
from only one of these factors. The final design solution must be that
one which achieves the greatest compatibility considering 21l of these
factors. .
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CASZ STUDY SURVZY

owner: lackland Air Force Base - Building i3

Type of Structure: Jood Frame with Asbestos Siding

ILocation: Harmon Drive and Lowry Court 

Function of Structure: office and Mess Hall

Dimensions: 100 x 300 feet - Two-story.

Foundation

2. First floor support: Structurally supported over crawl space.

b. Structural support: Drilled and underreamed piers bottomed

20 feet beiow natural- ground.

c. Supporting stratum: Clay - Navarro formation

d. Foundation design: 3000 psf

e. Percent reinforcing steel: 0.3%

. Dates of construction: Farly 1950

Distress

a. Description: Many small diagonal cracks in interior sheetrock wall

and grade beam. Due to type of structure, the'distress does not visibly

appear to be highly severe, but it is obvious from difference in floor slab

elevations and movement of structural joints that considerable movement

has occurred.

b. Causes: Foundation movement - whether upheaval or settlement

is not known.

c. When first noted: Unknovn




CASE STUDY SURVEY

Iaclkland Air Force Pase - Building i

Ovmer:

mype of Structure:  Wood Frame with Asbestos Siding
Location: Shaw Drive and Circle.Drive
~Function of Structwre: Office, P, and Cleaners
Dimensions: 75 X 300 Feet ~ One-Story.

Foﬁndation

a. First floor support:

Structurally suppofted over cravl épace.

b, Structural support:

Drilled and underreamed piers bottomed

20 feet below natural ground.

7. -

8:

Clay - Midvway Formation.

c. Supporting stratum:

d. XYoundation design:

3000 psf

e. Percent reinforcing steel: 0.3%

Dates of construction:

Farly 1950

Distress

a. Description:

None noted.

b. Causes: N/A

¢c. When first noted: N/A

}
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CASE STUDY SURVIY

1. Owner: Lackland Air Force Base - Building 35

2. Type of Structurs: Vood frame with asbestos siding.

3. JYocation: Circle and Shaw Drives
i, Function of Structure: Classrooms
5. Dimznsions: "P" shaved, 100 X 300 feet, two-story.

6. Foundation

a. First floor support: Structurally supporied over crawl space.

b. Structural support: Drilled and underreamed Diers bottomed 12 feet

below natural ground.

c. Supporting strétum: Clay - Midway Formation.
d. Foundation design:. 30C0 psf )
e. Percent reinforcing steel: 0.3%

7}. Dates of construction: Farly 1950.

8. Distress

a. Descripition: No visible distress. Building being remodeled.
. PO , &

Distress reported by occupents of building.

b, Causes: Foundation movement.

[

¢. Vhen first.noted: Unknown.
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!
, CASE STDY SURVEY : :

%_ 1. Owner: Lackiand Air Force Base - Building 6

2. mype of Structure: Reinforced concrete frame with masonry valls,

H 3. Incation: . Ent Circle and Hughes Avenues

Lk, runction of Structure: Chapel

5. Dimensions: 100 x 100 feet - One-story; High steep roof.

6. Foundation

a. First floor support: Structurally supported

b. Structurzl support: Shallow spot footings bottomed 6 feet below

natural ground.¥

Cn- S\Ipporting; strat‘.uﬂ: Dense E;ravel

d. Foundation design: | 4,000 psf -

e. Percent reinforcins steel: d
gei ] e

7;. Dates of construction: 1965

t
8. Distress : :

»

b. Causes: - N/A

| - ; T
|

¢. Vhen first noted: N/A

|

{

|

\ *Contractor was given option to machine drill or hand excavate spot footings. : '
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CASZ STUDY SURVEY

- . . . N
Oovner: Lackland Air Force Base - Building i

Type of Structure: Wood frame with asbestos walls.

Location: Metzger and Kingsly Drive

Function of Structure: Classrooms (Femoyer Hall)

Dimensions: "' shaped, 100 X 200 X L0O feet - Two-story.
Foundation

a. First floor support: Structurally supported over cravl space.

_b. Structurzl support: Imilled‘and vnderreamed piers bottomed

12 feet below natural ground.

c. Supporting stratum: Clay - Midway Formation.

d. PFoundation desigzn: 3000 psf

e. Percent reinforcing steel: 0.3%

Dates of construction: Farly 1950.
Distress
a. Description: Major cracks in grade beanm and interior wall.

b, Causes: Foundation movement.

'/ N AN ﬂiii' T T TEE TEN YN W S W v
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c. Vhen first noted: /A
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CASE STUDY SIRVIY

1, OQuner:

Lackland Air Force Pase - Building 39

2. Type of Structure: Steel frame with concrete block wails.
3. Locafion: Metzger and Luke Drive

4, Function of Structure: Squadron Heaaquarters

5. Dimensions: 30 X 90 Teet - Cne-Story.

6. Foundation

a., First floor support: Structurally supported over crawl space.

b. Structural support: Drilled and underrcemed piers bottomed

36 feet below finished floor.

c. Supporting strétum: Shaly clay - Midway Formation.
d. Foundation design: 6000 psf .
e. Percent reinforcing steel: 1%.
7. Dates of construction: 1953 .

8. Distress

a. Description: lMany large eracks in concrete block wall. Distress

worse in center of building.

b. Causes: Foundation movement.
c. When first noted: One year after counstruction compleved.
L




CASZ STUDY SURVEY

1., Owner: Iackland Air Force Base - Building 39.

2. Type of Structure: Steel frame with concrete block walls.

3. TLocation: Metzgzer and Louisiana Drives
L. Function of Structure:  Orfice (Hezsdquarters Building)
5. Dimensions: 30 X 110 feet - One-Story

6. Foundztion

a. First floor support: _ Structurally supported over €" cartons.

b. Structural support:; Drilled and underreamed piers bottomed

35 feet below natural ground.

c. Supporting strétum; Shaly clay - Midway Formation.

d. Foundation design: 5500 pst

4
e. Percent reinforcing steel; 1%

T.. Dates of construction: 1961

8. Distress

.

a. Description: None
b. Causes: N/A
c. When first.noted: N/A

Lo
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CASE STUDY SURVEY

1. Owner: Iackland Air force Base - Building ;10

Combination steel frame w/metal pancl walls and
2. Type of Structure: reinforced concrete frame w/masonry walls,

3. ILocation: Connally and Huches Streets.

L, Punction of Structure: Dorm (Recruit Housing and Training) See note¥

5. Dimensions: "7'" shaped, 170 x 150 x 170 feet - Three-Story. '
6. Foundztion

a. First floor support: Structurally sunvorted over crawyl snace.

b. Structurzl support: Drilled and underreamed piers bottomed 30 feet

bzlow natural ground, -

c. Supporting stratum: Shaly clay - Midway Formation. ;
~d. TFoundation design: 6000 pst ,
- i

e. Percent reinforcing steel: 14 . |

o

T.. Dates of construction: 196

8. Distress

8. Description: Iarge cracks in interior and exterior walls on i

south end of center building. C(Cracks eppear on all three floors and in
[ bl vy

stairvay end corridor. The two outer buildings have shown no appreciable

distress.
b. Causes: Foundation movement.
co' Yhen first noted: 166h

.
1

¥This complex consists of three buildings which are identical excepnt for
Py ~ -

oricecntation.
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CASE STUDY SURVEY

1, Owner: Teckland Air Force Base - Building 311
2. Type of Structure: Wood frame witﬁ asbestos siding.
3. Iocation: Hughes and Truemper Streets
i, Function of Structure: Personnel Office
5. Diﬁensions: Varies -- See layout -- l-and 2-story.
6. Foundation

a. First floor support: S5lab on grade

b. Structural support: Turned down edge slab

c. Supporting stratum: Clay overburden

‘d. Foundation design: 2000 psf

e. Percent reinforcing steel: 2-3/4" ¢ vars top and bottom
7;. Dates of construction: Farly 1950
8. Distress |

slab broken at one corner.

-

a. Description: lany vertical cracks in perimeter beams.

Floor

Different wings of building have serarated

from each other. Cracks in interior wall.

b. Caus

D
143}

: Foundation movenant.

c. Vhen Tirst .noted: Urnknown.

Ll




CASZ STUDY SURVEY

1. Owner: Lackland Air Force Base - Building e

2, Type of Structure: Wood frame with asbestos siding.

3. Yocation: Selfridge Drive and Randolph Lane

L. Function of Structure: Classrooms (Academic Building)

5. Dimensions: 100 X 210 feet ~ Two-Story.

6. Foundation

a, First floor support: Structurally supported over crawl space.

b. Structural support: Drilled and underveamed piers bottomed

20 feet below natural -ground.

c. Supporting stratum: Clay - Midway Formation

"de. Foundation design: 3,000 psf

e. Percent reinforcing steel: 0.3%

7. Dates of construction: Barly 1950

8. Distress

a. Description: - None
b. Causes: N/A

c.. When first noted; /A

k5




l. OQun=zr:

2. Type of Structure:

« Dimensions:

5
6. TFoundstion

CASE STUDY SURVIY

Lackland Air Force Base - Building 3713

Wood Trame with wood siding

« Iocation: Arizona and Gary Strest

« Function of Structure:

Warehouse

100 X k0O feat.

7. Dates of construction:

a. First floor support: Slab on fill with structurally supported dock.
b. Structural support: Drilled and wnderream=d piers to top of gravel.
c. Supporting stratum: Gravel.

d. Foundation design: 3000 pst
‘@, Percent reinforcing steals 0.5%

Completed in 1951.

8. Distress

a. Description: None

b. Causes: /A .
L

¢, VYWhen first noted: i/A

' . - P P ﬂ ’ ﬂ .
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CASE STUDY BUR

1. Owner: Lackland Air Force Base - Building 1L
2. Type of Structure: Uood frame with-asﬁéstos siding
3. Locafion: Foulois andvolmsted Streets
k., Function of Structure: Mess Hall
5. Dimensions: 75 x 250 feet - One story
6. Foundztion
a. First floor swport: gtructurally supported with basement on overburden.

b. Structural support: Dprilled and underreamed piers bottomed 20 feet

below natural groﬁnd.

Te

¢. Supporting stratum: Clay - Midway formation

d. Foundation design: 3,000 psf

.e. Percent reinforcing steal: 0.5%

Dates of construction: Early 1850

Distress

‘a. Description: Horizontal movement of basement. Cracks in basement

floor and wall. Grade beam cracked. Center of building has heaved.

b. Causes: Foundation movement.

El
svl
L.l
L '

¢c. When first noted: Unknown

b




PERTINENT DATA SHEETS

KELLY ATR FORCE BASE BUILDINGS
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CASE §TUDY SURVEY

1. Owner: Kelly Air Force Base - Bujlding fil

2. Type of Structure: Reinforced Concrete Frame with Concrete Walls.

3. Iocation: "2000 Area" Kelly

Lk, Function of Structure: Comnunications Security Building

5. Dimensions: "H" Shaped - 2L0 x 20 x 300 x 70 feet. (See Plate 30) ,

6. Foundation

a. First floor support: Floor supported over 4-foot crawl space.

b. Structurzl support: Drilled and underreamed piers bottomed

95f feet belovw natural ground surface. ' ' o ;

¢c. Supporting stratum: Unweathered shale - Navarro formation D

d. Foundation design: Unknown - Estimated 10.0 KSF.

e. Percent reinforcing steel: 1%

7. Dates of construction: Circa 195k

8, Distress

a. Description: Interior walls and partitions have long horizontal

and diagonal cracks. Floor slabs appear to have been warped or twisted.

—

Some differential vertical movement noted at expansion joints.

b. Causes: Not known - suspected uplift from pier shafis,

A Y

¢c. Wnen first noted; Soon after occupancy.

50
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CASEZ STUDY SURVE

Owner: Kelly Air Force Base - Building 2

Type of Structure: Steel frame with concrete block wall,

Incation: 2000 Area, Kelly Air Force Base

Function of Structure: Cryptographic Building

Dimensions: 200 x 40O feet - One Story

Foundation

~a. First floor support; Slab on grade (Floating Slab)

b. Structural support: Drilled and underreamed piers bottomed

26 feet below natural ground.

c.. Supporting stratum: Silty clay - Navarro formation

d. Foundation designg 3,500 psT

e. Percent reinforcing steel: 0.5% -
7. Dates of construction: Early 1950's
8. Distress
&. Description: Concrete block walls have many major cracks.
b. Causes; Uncertain - suspected heave of supporting stratum.
Y
c. When first noted: . Unknown
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CASZ STUDY SURVEY

Owner: Kelly Air Force Base - Building #3

Type of Structure: Wood frame with asbestos siding.

Location: 2000 Area, Kelly AFB - 3rd Street And Avenue "A".

Function of Structure: Mess Hall

Dimensions: 100 x 150 feet - Single story

Foundation

a. First floor support: Structurally supported over crawl space.

b. Structurzl support: Drilled and underreamed piers bottomed 32 feet

below natural. ground.

T

c. Supporting strétum: Clay shale - Navarro formation

d. Poundation design: 2,000 psf. Basement placed-on 6; of gravel.
e. Percent reinforcing steel: 0;7%

Dates of construction: Early 1950's.

Distress

a. Description: Southeast end of building has basement. - Basement

floor bowed up. Basement wall severely cracked. Grade beam sevérely

cracked.

b. Causes: Uncertain - suspected heave of supporting stratum.

c. When first .noted: Unknown

o om - — ‘_
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CASE STUDY SURVIY

. . . ]
Owner: Kelly Air Force Base - Building z.

. ) . - tan A
Type of Structure: Wood frame with wood siding.

Iocation: 2000 Area Kelly - hth Street and Avenue "B".

Function of Structure: Chapel.

Dimensions: 30 X 100 feet with Two 50 x 60 feet additions.

Foundation

a. First floor support: Structurally supported over crawl space.

b. Structurzl support: Continuous footings.

N

¢, Supporting stratum: Gravel

d. Foundation design: Uncertain-1500 psf estimated 18" below grade.

e. Percent reinforcing steel:

f’rﬂfzﬂ’ “I”’%—:ﬂ.ﬂﬂ

7.- Dates of construction: Early 1950's.
Distress
a. Description: None
b. Causes: N/A

B

c. When first notea: N/A

mgew s
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CASE STUDY. SURVZY

Owner: Kelly Air Force Base - Building #5

X,
2. Type of Structure: Steel frame with concrete block walls.
3. Locaﬁion: 2000 Area, Kelly AFB - Avenue "B" and 3rd Street
I, Punction of Structure: Personnel Office
5. Diﬁensions: 100 x 150 feet ~ One Story
6. Foundation
a. First floor support: Structurally supported over crawl gpacé.
b. Structural support: Drilled piers bottomed 30 feet below natural .
ground. | )
c. Supporiing strétum: Sandy clay - Navarro formation
d. PFoundation desizn: 5,000 psf N
e. DPercent reinforcing steel: 0.7%
T. Dates of construction: 11953 -
8. '

Distress

&. Description: Many lafge diagonal cracks in walls which have

been repaired. Complete failure of T5% of pédestals beneath floor slab.

(Very similar to the Dental Clinic at Iackland Air Force Base,)

b, Causes: Unknown - suspected heave of supporting stratum.

N

c. When first noted: Fajlure of plinths noted first in April 1965.

Cracks in %@berstructure had occurred a considerable period of time

before this was notéd.

L J

UNIVERSITY OF UTa
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CASE STUDY SURVIY

l. Owvwner:

Kelly Air Force Base - Building 76

2. Type of Structure: Reinforced concrete freme with concrete

block walls.

3. Location: 2000 Area Xelly - 2nd Street and Avenue "A".

L, Punction of Structure: Airmen's Dormitory

5. Dimensions: 40' X 225' - Three-Story.

6. Foundation

8. First floor support:

Structurally supported over Ut" carton voids.

b. Structural subport:

Drilled and underreamed piers bottomed 30 feet

belovw natural ground. .

c. Supporting stratum: Sandy clay - Naverro Formation

d. Foundation desizn: 5000 pst
e. Percent reinforcing steel: 0.7%
T« Dates of construction: 1953

8. Distress

a. Description: None.

Few very minor cracks in concrete block walls.

b, Causes: N/A

c. When first noted: /A




CASE STUDY SURVZY

Owner: Kelly Air Force Base - Building -7

Type of Structure: Reinforced concrete frame with concrete block walls.

Incation: 2000 Area Kelly

Function of Structure; Airmen's Dormitory
Dimensions: 40' X 225' - Three-Story.

Foundation

a. First floor support: Structurally supported over L" void.

b. Structurzl support: Drilled and underreamed piers bottomed 30 feeb

belov natural ground.

Ce. Sugpérting stratum: Sandy clay - Navarro Formation
d. Foundation design: 5000 psf
e. Percent reinforcing steel: 0.7%

7. Dates of construction: 1953

8. Distress
a. Description: None .
b. Causes: N/A

‘\ -

¢ When first noted: N/A
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below natural ground.

CASE STUDY SURVEY ' '1;

ovwner: Kelly Air Force Base - Building #9

Type of Structure: Concrete frame with concrete walls.

Location: 100 feet east of Gilmore and Lombard Streets.

Function of Structure: Officers' Quarters and Mess Hall.

Dimensions: "C" Shaped - 150' x 315' X 200' - Three Story. i
Foundation ‘ - f

a. First floor support: Structurally supported over crawl space..

b. Structurzl supvort: Drilled and underreaned jiers bottomed 57 feet

c. Supporting stratum: Blue shale - Navarro Formation. ' : ;

d. Foundation design: N/A but footings were relatively small for
structural load. 'i

e. Percent reinforcing steel: 1%
_7. Dates of construction: 1941
8. Distress
-8+ Description: None
b. Causes: N/A

c. Vhen first noted: N/A
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. CASE STUDY SURVIY

1. Owner: Kelly Air Force Base - Building 9.

2. Type of Structure: Steel frame with mesonry walls.

3. location: Vagner Drive and Andrevs Road

k., Function of Structure: Dispensary (Occupational Health & Military)

5. Dimensions: 200" X 200' - One-Story.

6. . Foundation

a. First floor support: Structurally supported over crawl space.

b. Structural supvort: Drilled and underreamed piers bottomed 10 feet

below natural. ground. -

c. Supporting stratum: Dense gravel

il bl §g=

d. Foundation design: 6000 psf
e. Percent reinforcing steel: 1%
T.. Dates of construction: 1966
8. Distress
a. Description: Hone
: b. Causes: N/A
3
| c. When first noted: N/A




CASE STUDY SURVZEY .

1. Owner: Kelly Air Force Base - Building i10.

2. Type of Structure: Reinforced concrete frame with concrete block walls.

3. Location: 600' N of Lackland Roed and Mostrand Road
Ik, Function of Structure: .ﬁarehouse

54 Dimensions: 400" X 1700 ' - One Story

6. Foundation

a. First floor support: Slab on Grade.

‘b, Structurzl support: Drilled and underreamed piers bottomed

10 to 20 feet below natural ground.

¢c. Supporting stratum: Dense gravel.

d. Foundation design: 10,000 psf

e, Percent reinforcing steel:

7. - Dates of construction:; Early 1950's.

8., Distress

&+ Description: . None. Very good condition.
b. Causes: N/A .
c. When first noted: n/a

29




CASE STUDY SURVEY

1. Owner: Kelly Air Force Base - Building 311.

2. Type of Structure: Steel frame with masonry walls
3. ILocation: See plate 32.
k, Function of Structure: Maintenance Shop.

~ 5. Dimensions: 72' X 175" - One Story.

6. Foundation

a. First floor support: Structurally supported over 8" cardboard forms.

b. Structural support: Drilled and underreamed piers bottomed hO feet

below natural ground.

¢. Supporting stratum: Shaly clay - Navarro Formation.

d. Foundation design: 5000 psf

e, Percent reinforcing steel:

7. Dates of construction: Farly 1960.

8. Distress

a. Description: None.
\
|
) b. Causes: N/A
\
\
\ C. When first .noted: /A
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CASE STUDY SURVE

l. Owner: Kelly Air Force Base - Building 2.

2. Type of Structure: Reinforced Concrete Frame with Concrete Block Walls.

3, Iocation: Jackson Road and Zast Apron.

Lk, Function of Structure: Office Building

5. Dimensions: 400' X L400' - One-Story.

a. First floor support: Slab on Grade

b. Structursl support: Drilled and underreamed piers bottomed 35 feet

belov natural ground.-

¢. Supporting stratum: = Clay - Navarro Formation

d. Foundation design: ,,C00 psf.

e. Percent reinforcing steel: 1%

7. . Dates of construction: 1956

8. Distress

a. Description: None

/
I 6. Foundztion

b. Causes: N/A

¢, When first noted: N/A




CASE STUDY SURVEY

Ovner: Kelly Air Force Base - Building sh13.

Type of Structure: Reinforced contrete frame with concrete block walls.

Location: gouth of Kellvy Golf Course

Function of Structure: Ofrfice (Originally Warehouse)

Dimensions: 400" X 1100' - One-Story

Foundation

a. First floor support: Slab on Fill

'b. Structural support: _ Hand dug piers bottomed 16 feet below

natural ground.

c. Supporting stratum: Gravel.

d. TFoundation design: Not known.

e. Percent reinforcinz steel:

- Dates of construction: 1941

Distress

a. Description: None

b. Causes: N/A .

c. UWhen first noted: Ii/A

T
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BROOKS AIR FORCE BASE BUILDINGS




CASE STUDY SURVIY

. . . .
1. Owner: Brooks Air Force Base - Building #1

Type of Structure: Steel Trame wifh masonry wall

Iocation: South of Military Drive and East of Aerospace Court

Function of Structure: Dining Hall -

Dimensions: 100 X 100 feet.

Foundation

a. First floor support: Structurally supported over crawl space.

b, Structural support: Drilled and underreamed piers bottomed

32 feet. -

xc. Supporting strétum: Shaly clay - Wilcox Formation

)

d. Foundation design: 5000 psf

ei Percent reinforcing steel: 1%
Daéfs of construction; 1962
8. Dis%yess
Y
a, Bgscriptiqn: Small vertical crack in grade beam at-every corner.

Not potiéeable in interior of building.

\ a

A\
—

5,

b, Causesﬁ\ Appears to be structural failure of concrete.
. &
i

Co




CASE STUDY SURVZY

; 1. Owner: Brooks Air Force Base - Building 32

§ 2. Type of Structure: Steel frame with masonry walls.

L 3. ILocation: 10th Street and Outer Circle

L, . Function of Structﬁre: Service Club

\ 5. Dimensions:  "T" Shaped - 11k X 133 feet.
\ 6. Foundation |

| a. First floor support: tructurally supporfed over crawl space.

( ‘b, Structural support: Drilled and underreamed piers bottomed

A
\

éS.O feet below natural ground.

‘\c. Supporting strétum: Brown shaly clay - Vilcox Formation
zd. Foundation design: 5,000 psf
éV Percent reinforcing steel: l%-
T4 Dates of construction: 1962

L
8.\ Distress

a. \Pescriptiqn: None

\ |

\
c. When first noted: N/A




CASE STUDY SURVZY

\ 1. Ovner: Brooks Air Force Base - Building #3
\ 2. Type of Structure: teel freme vith metel siding
\; 3. Iocation: _18th Street and Westgate Road
\ i, Functioﬁ of Structure: Military and Professional Training Faciiity.
\\ 5, Dimensions; 25 X 160 feet. |

\ 6, Foundation
\ _ (a) Classroom - Structurally supported over crawl
\ a. First floor support: space; (b) Training Area - Slab on grade.

\ b. Structural support: Drilled and underreamed piers bottomed 31.0 feet

y
ibelovw natural ground. .

¥
b

| Ce Supporting stratum: Shaly clay - Wilcox Formation.

\d. Foundation design: 5000 psf

e. Percent reinforcing steel: 14

Te . Dates of construction: 1964

8. Di%tress

a. \Descriptiqn: None
\ y

N/A
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CASE STUDY SURVIY

1. Owner: Brooks Air Force Base - Building #k

2. Type of Structure: Steel frame with masonry wall.

\ 3. Iocation: South of Military Drive and east of Aerospace Center.

\ L, Functioﬁ ofvstructure: Officers' Quarters

\ 5« Dimensions: 90 x 291 feet -~ Three-story

' 6, Foundation

) a. First floor support: Structurally supporfed on cardboard carton forms.,

i 5. Structurszl support: Drilled and underreamed piers bottomed 30 feet

below natural ground.
\ :

. Supporting stratum: Clay - Wilcox formation

e.' Percent reinforcing steel: 1%

pates of construction: 1962
it

8. Distress
A\

by

!
!
Foundation design: 5,000 psf : i B \
{

3 . . s
8. Descriptiqn: Horizontal cracks in first floor walls.
\ A

b. CauseS:S§elling of surface soils. Broken water line caused such_severe
[ .

\éwelling that thé,6" void was depleted, allowing swelling soil to come in

\ \ \\ . :
sntact with floor, slab. s : ‘ 11
2. Yhen first nétea; 1964 - Two years after completion, O

. \ : i

\ :

\ ' : - 1
]‘\ . L\} ’ .
\ Base C.E. dug 3' x 3' trench down center of building beneath and -
\gt to first floer. The water lines were broken and rerouted down
s‘ench., No additional distress has been noticed.
\\ L 3

67



file:///Dates

e

5O T W B BT

PERTINENT DATA SHEETS

!\\.A

T

GS

N

g
2
—
3
=]
a
O
i
5
[N
2
<
o}
&
5
[}

—

—

B

69




CASE STUDY SURVAEY

1. owner: San Antonio School District - Building #1

2. Type of Structure: Concrete columns with masonry walls.

3. location: 0.8 mile Sy of pier test site, Lackland AFB

Lk, PFunction of Structure; Sam Rayburn Junior High School

5. Dimensions:  LOO' x LOO' with 150* x 150' center patio

6. Foundation

a. First floor support: Structurally supported over crawl space.

b. Structural support: Drilled and underreamed piers bottomed 20-30°

below finished floor grade.

c. Supporting stratum: Clay shale - Midway formation

d. TFoundation design: 4,000 psf

e, DPercent reinforcing steel: 1%

iT.. Dates of construction: 1962

8. Distress

|\ a. Description: Utility lines broken, basement slab broken, concrete
yi : ) -
\block wall cracked, grade beam raised 3", and hairline cracks in floor

t

{
beans.

‘b, Causes: Swelling of subsurface materials. Subgrade beneath structure
{ .

!
is now saturated with water, but no water was encountered during construction.

Whetﬂgr the water is from natural sources dr from broken water lines was not
determined.
c. VWhen first noted: geveral months after construction was completed.

3
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CASE STUDY SURVEY

l, Owner: Valley H. Developihg Company -~ Building #p

2. Type of Structure: Concrete columns with concréte block walls.

3. Iocation: 0.8 mile S/ of Pier Test Site, Lackland AFB

4, Function of Structure: = Shopping Center

5. Dimensions: Approximately 500*' x 500°'

6. TFoundation

a. First floor support: Slab on £il1l with plers supporting walls.

b. Structursl support: Drilled and underreamed piers - 30 feet below

natural ground.

c. Supporting stratum: (Clay shale - Midway formation

d. Foundation design: 4,000 psf - Pea gravel around pier shafts.

e. Percent reinforcing steel: 1%

7. Dates of construction: 1962

8. Distress

a&. Description: Buckling of floor slab, Raising up of grade beams

resulting in numerous large cracks in walls, giass in doors and windows,

and large mirror on wall broken due to foundation movement.

b. Causes: Uplift due to subsurface material.

»—

¢, When first noted: Soon after construction was completed.

1.

"
u
.
»
v




CASE STUDY SURVIY

*1, Owner: San Antonio Schoél District - Building #3
2. Type of Structure: Steel Frame and Masonry Wallé.
3. Locafion: 7300 Remuda - 2 miles NW of Lackland Hospital
4., Function of Structurs: Mary Hull Elementary Scﬁool
5e Diﬁensions: . Approximately 300 X 300 feet.
6. Foundzation
a. First floor support: Slab on grade.
b. Structurel support: Mot type slab - Exterior beams 30" deep.
¢. Supporting strﬁtum: Clay overburden underlain by Taylor Forﬁation.
d. Youndation design: 2000 psf - 24" gravel beneathvslab. |
e. Percent reinforcing steel; Heavily reinforced.
7. Dates of constrﬁction: 1963
8. Distress
a. Description: None
b. Causes: /A
@
co, When first noted: N/A

7 -




~ -CASE STUDY SURVEY

Qo

1. Owner: San Antonio séhool District - Building ik
2. Type of Stfucture: Steel Frame witﬁ Masonry Walls. B
3. Locafion: 7600 Bronco - 1.5 miles I of Lackland Hospital.
L, Functioﬁ of Structure: Westwood Elementary School
5. Dimensions; 200- X 200-feet vith patio in center.
6. Foundzation
a. First floor support: Slab on grade
b. Structursl support: ipt type slab - Perimeter beam 30" deep.
c. Supporting strétum: Clay overburden - Undeflain by Taylor Forﬁatibn;
d. Foundation design: 2000’§sf - 24" gravel beneath slabs.
e. Percent reinforcing steel: Heavily reinforced
T. Dates of construction: | 1961
8. Distress

Description: Minor cracking in brick wall.

b,

Causes: /A

Co

When first noted: N/A
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owner:

STUDY SURVEY

San Antonio Schcol District - Building 5

2. Type of Structure: Concrete frame with concrete walls.

3. Iocation: General McMullen Drive and Thompson Place , 3/hfmile N of

5. Dimensions: 307 x 2Lk0 foot - Two Story Building and has full basement.

6. Foundztion

a. First floor support:

tructurally supported over crawl space.

b. Structural support: Drilled and underreamed piers bottomed 55 feet

below basement grade.

c. Supporting stratum;

Blue shale - Navarro Formation

d. PFoundation design:

20,000 psf with pea gravel around shaft

T. Dates of construction:

e. Percent reinforecing steel:

1%

1963

8. Distress

% 8. Description: None

b. Causes: /A

¢s When first noted:

/A

s

Kelly main gate.
k., Function of Structure: John F. Kennedy High School




CASE STUDY SURVEY

ovner: St. Mary's University - Building /6
Type of Structure: Steel frame with mesonry exterior and plaster interior
walls.

Iocation: Main campus, St. Mary's University, approximately 5 miles NE of
- ' ‘ Tackland Hospital.

Function of Structure: Classrooms (Science Building)
Dimensions: 200 _x 200-feet - Taree-Story
Foundation

a. First floor support: Structurally supported over cravl space.

b. Structurzl support: Drilled and underreaméd piers bottomed 35 feel

below natural ground.

c. Supporting strétum: Sandy clay - Taylor Formation.

d. Foundation desizn: Unknown,but footing sizes vary from é' - 8' diameter.
. e« Percent reinforcing steel: Varies - 2% to 2.5%

Dates of conétructioﬁ: 1950

Distress

a. Description: Many diegonal, vertical, and horizontal cracks of

major size in walls of all three stories. This building is under major

distress.

b, Causes: Foundation movement - uplift.

c. VWhen first.noted: Unknown.
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CAS= STUDY SURVIY

Owner: St. Mary's University - Building 47

-

2. Type of Structure: Steel frame with masonry exterior and plasier interior
. walls.
3. Location: _ pain camous, St. Morv's University.

I, Function of Structure; Men's Dormitory.

2+ Dimensions: 42 X 350 feet - Three-Story.

6. Foundation

a. First floor support: Structurally supported over crawl space.

b. Structurz2l support: Drilled and underreamed viers bottomed 35'

below natural ground..-

c. Supporting stratum: Sandy clay - Taylor Formation.

d. Foundation design}Unknown. Footing sizes vary from 3 to T feet diameter.

G & Ay Sur sew o
f 4 a—

s o, .
e. Percent reinforcing steel: 2%
T« - Dates of construction: 1958
8. Distress
a. Description: Cracks in interior plaster walls of major size.
b, Causes: Foundation movement - Uplift.

¢, Vhen first noted: Unknown
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Table 1
Strength Test
Upper Midway Group -
Lackland Air Force Base

Boring Depth : Moisture : : Compression : Direct Shear
No. (Ft) : Content : Density : o 3 :01 ¢ ¢ . c,TSF
‘8A6C-46 17.1~21.9 27.9 95 1.2 3.5
40.9-44.,9 28.4 96 2.5 11.7 11.0 0.9
, ) (10.2 0.9)
( pre-split)
43.3-47.5 28.3 97 ‘
8abc-47  32.7-37.6  29.3 ok 2.0 7.9
37.6-42.0 28.0 it 0.9

8.6
(7.8 0.0)
( pre-split)

8A6C-48  18.0-22.6 27.2 96 1.2 5.5
22.6-27.1 1.7 k.3
4l ,9-51.2 28.6 96 3.0 11.6
B ©




Table 2
Strength Test
Lowver Midway Group
Iackland Air Force Base

: : : i . IrJaxial Direct
Boring : Depth : Molsture: :Compression ,Compression .  Shear
No. : (Ft) : Content : Demsity :03 :01 : ¢ : c,tsf : ¢ c,tsf
6Dc-22  43.3-Mk.2  23.9 . 100 35.0 0.2
51.5-52.k  20.1 106 0.0 6.0
6DC-39 9.0-11.0 31.2 89 0.6 1.6
8abc-¥l  24.9-25.8 240 103 1.6 6.2
30.6-31.6 18.5 116 2.0  10.5
8a6C-43  25.9-26.9  23.1 105 1.7 5.8
é6pc-45  11.0-13.0 - 16.4 1k 0.3 3.6
6DC-207  17.0-19.0  29.7 96 | 0.9 1.4
19.0-21.0 27.6 96 0.0 1.3
25.0-27.0  25.9 99 0.0. 1.2
27.0-29.0 29.8 | 93 L.0 1.5
29.0-31.0  33.1 91 0.0 1.3
31.0-33.0 28.5 95 0.0 2.3
L4, 8-k5.7 24,8 95 2.5 4.8
49.9-50.8 23.9 96 25.1 0.6
5k.4-55,3  2L,5 101 0.0 3.5 &
63.8-6L, 7 25.1 10k 0.0 3.4
17.5~-78.4 k8.1 Th 0.0 13.9
95.4-96.3  25.2 101 0.0  14.8
19




Table 2 (Contd)
Strength Test
-Lower Midway Group
Lackland Air Force Base

: : o : Triaxial : Direct
Boring : Depth : Moisture: s Compression :Coupression Shear
No.. : (Ft) : Content : Density:cz s o131 : ¢ : c,tsf: ¢ : c,tsf

2.

8A6C-209 50.0-50.8 25,1 90 0.0 3.2
6pc-211 28.4-29.3  3L.bL 9 0.0 1.1
33.1-34.0 2k.5 100 - 25.5 0.6
[
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2 e , Table 3
. Strength Test

Navarro Group
Iackland Air Force Base

Boring : Depth : Moisture : : Compression : Direct Shear
No. (rt) Content : Density : " o3 : 01 : § c, TSk
8a6C-20  25.5-26.5 21.2 107 1.5 11.1
36.0-36.8 18.7 109 2.2 13.0
48.9-49.8 18.5 110 2.9 T.h
59.6-60.6 17.0 113 0.0 13.5
TL.8-72.7 20.3 111 L.3 17.4
86.6-87.6 19.9 111 5.2 22,
8a6c-21  35.0-36.0 20.2 109 2.1 11.3
71.2-72.2 -2kt 104 4.3 11.6
89.2-90.2 16.8 115 0.0 11.7
6pc-22  b3.3-hh.2 23.0 103 35.0 0.2
63.0-64.0 16,7 11k 4.0 20.3 |
‘75.0-76.0 17.0 115 36.0 0.k
88.6-89.5 14,3 118 5.3 13.2
3 épc-2h 29.8-30.5 18.1 103 26,1 1.1
. : {26.0 0.0)
ifﬁ ( pre-split )
s 4, 7-45.7 15.8 113 2.7 19.7
o 66.6-67.0 20.1 109 4.0 15.8
83.7-8L4.6 17.5 111 5;0 Y.
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Iackland Air Force Rase

Table 3 (Contd)
Strength Test
Navarro Group

Boring Depth Moisture : Compression Direct Shear
YNo. (Ftl Content : Density : 03 o1 QS' ¢, TSF
BA6C-25 27.0-28.0 19.0 110 1.6 8.3
64.3-65.1 21.9 105 3.9 10.3
85.7-86.7 16.5 117 0.0 7.9
6DpC~39 39.5-40.5 17.5 111 2.6 19.1
64, 7-65.7 15.0 116 4,2 19.9
7L.6-72.3 20.8 108 b7 13.6
6pc-b0  23.0-2L.0 16.5 116 1.5 16.9
49.2-50.2 19.4 110 3.2 12.3
8a6C-41  49.2-50.2 16.7 115 3.2 20.7
8aéc-43  36.8-37.8 19.1 110 2.k 12.2
6DC-Uul 25.1-26,1 22.3 10k 1.7 7.6
42,0-43.0 19.8 109 2.7 9.6
6pc-Ls 24,7-25.5 26.1 98 1.6 3.1
53.6-5k .1 27.1 98 3.5 10.6
60.7-61.T 26.0 98 3.9 11k
77.0-78.0 b1 103 5.0  1k.9
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BORING 8A6C-20

NORTH SIDE OF WILFORD HALL HOSPITAL
MIDWAY 8 NAVARRO FOUNDATION

23.8'TO 35.5'
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56.9' T0 67.5'

67.5' TO 776’

35.5' TO 46.0'

46.0'TO 56.9'

77.6' TO 88.6(T.D)
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PHOTOGRAPH NO. |

KELLY AIR FORCE BASE- "2000 AREA"
MESS HALL-BUILDING # 3
VIEW WEST- HORIZONTAL AND DIAGONAL

CRACK IN EAST GRADE BEAM AND
BASEMENT WALL

PHOTOGRAPH NO.2

VALLEY Hl SHOPPING CENTER
BUILDING # 2
VIEW NORTH- CRACK IN CONCRETE

BLOCK EXTERIOR WALL-
SOUTHEAST CORNER

* UNIVERSITY OF UTAR
| RESEARCH INSTITUTE |
EARTH SCIENCE LAB. FIGURE 2




PHOTOGRAPH NO 3
SAM RAYBURN JR. HIGH SCHOOL
BUILDING # |

VIEW WEST FROM CENTER PATIO-

MOVEMENT OF SECOND FLOOR GRADE
BEAM DUE TO HEAVING OF STEEL
COLUMN.

PHOTOGRAPH NO. 4
ST MARY'S UNIVERSITY

FACULTY DORMITORY

VIEW WEST- CRACK IN EXTERIOR
MASONRY WALL

v
|
\
{

FIGURE 3
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PHOTOGRAPH NO. 5
ST. MARY'S UNIVERSITY
SCIENCE BUILDING # 6

VIEW FROM CENTER CORRIDOR- FIRST
FLOOR. DIAGONAL CRACK IN CORRIDOR
WALL

PHOTOGRAPH NO. 6

ST. MARY'S UNIVERSITY

SCIENCE BUILDING # 6

VIEW FROM CENTER CORRIDOR- SECOND
FLOOR. DIAGONAL CRACK IN CORRIDOR

WALL - CRACK EXTENDS FROM WINDOW
TO CORRIDOR FLOOR

FIGURE 4
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LACKLAND A.F.B.
GEOLOGICAL COLUMN FROM ELECTRIC LOG ON WATER
WELL NO.3 LOCATED ON LUKE DRIVE AT MILITARY HWY.
SYSTEM|SERIES| FORMATION |3F RES. DESCRIPTION
100 MV. 100 L
RECENT ALLUYIUM 458 YELLOW CLAY W/GRAVEL
e SHALY CLAY: Sandy, silty
Jjointed 8 oxidized to 75"
Secondary gypsum ossocioted
'm"l ° w/jointing, bentonitic, high
b rxz plasticity dk. gray weathers
— ton.
= S | mioway croup
2 Q (160") ]
=< % CLAY with GLAUCONITIC
Sond ond Silt.
BENTONITE 2'thick

3 SHALY CLAY:Sandy and sitty

= w/ limestone concrelions thru-
out, gray weathers ton,

NAVARRO |GROUP
(450")
The Gos Ridge Oil Field dis-

& covered in 1912 & locoted just
south of Lacklond produces
oil from thin sond lenses in
lower 300 of the Navarro
Group.

Q0 =
f_“‘ ===
= £
(9]
Py =
o ’; : ”" MARL 8 CALCAREOUS SHALE
8 g f‘fr Ty Fossiliferous bluish groy.
‘:‘ TAYLOR MARL '; Lj;ﬁ : f
(315) Po=s=es )
) i
ARGILLACEOUS LIMESTONE
. & MARL, Fossiliferous, -groy.
ANACACHO . ) .
_______ I B L'.MEST,O.N_E____.. o o e ——NOtural-Gas .was._produced. from
212" | the Anacocho Limestone in
the Gos Ridge Field south
of Lacklond A.F.B.
LIMESTONE, Soft,argilicceous,
fossiliferous, gray.
AUSTIN .CHALK
(166"}
AGGY CALCAREOUS & SANDY
EAgLE SHALES Interbedded w/ hord
FORD -SHA ‘orgilloceous limestone, dark gray.
(36')
BUDA LIMESTONE, Fine grain,dense,
LIME ' hard, groy.
o (61")
g
RAYSON
; gHALsE (DEL CLAY, Soft fossliiferous,
g RIO CLAY) gyri‘:a & gypsum through-out
m (65') ' ark groy.
GEORGETOWN
MEMBER-LIMESTONE
Hard, mossive w/few
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L EEETT SOIL_LEGEND
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[U [y

%;7[7[ ?

- m—rmEsTOVIOWINGTSymboly are used Lo represant /
the kinds of rock or substrata material encoun-
tered delow the soil horizon:

R Hard rock, such as limestone, sandstone,
chalk, or other rock having a hardness
rating of 2.5 or more, Mohr's Scale. Rock
is hard enough to require jackhammers or
dyramite to excavate.

1 Gravel of sufficient size or concentration
to hamper excavation aperations: usvally
exceeds 25 percent of volume.

CM  Chaik, marl, or caliche having a hardness
of 2.5 or less, Mohr's Scale. Can be
excavated with ditching equipment.

SH Shale or shaly clays hsving'hardness of
2.5 or less, Mobr's Scale. Can be
excavated using excavating equipment.

67 Gravelly clay having approximately (2 to
25 percent gravel by volume. “ill haaper D
small excavating equipment, /@

5P Gravel pit. 2

Arabic number following the above symbols
indicates to the nearest foot the depth to

bedrock or other "not-scil® materials, such

a3 gravel. {Eaompie GC-S = Gravatly Cioy of 5 feet)
The data presented on this mao and the

descriptions used were compiled from the

"Sail Nanddook for Soil Survey of Metropolitian

Area, San Antonio, Texas,” as developed by the

3oil Conservation Service, USDA, under a

cooperative agreement with the city of San

Antonle in cooperation with the Texas Agricul~

tural Engeriment Station and published in April

of 1964. For a wore detailed treatment of the
30i)3 data ghown on this plate, reference is
made to the above publication.

HOUSTON BLATK CLAY

Soil Description
Approximately 98 inches of slowly permeable calcarsovs clays ove
sarly clays, mard, or chalk, Profile containa less than 7 oercest ¢

9
//,/////2 //Z //%/

D BOUSTYON BLACK CLAY, TERRACE
Soit Description

Approximately 3 1o S feet of clay underlain by clayey alluvive
grades to gravelly alluvium at adout 6 to IZ feet; solum containg
slickensides below about 1S inches,

HOUSTON BLACK GRAVLLY CLAY

Soil Descriotion

plerag
7 777
? /////// %//

;
?/7/

A gravelly clay having A to 15 percent gravel in the upoer Norit:
with gravelly clay horizons occuring in some profiles between 2¢ to 1
inches; clay extends to 82 to 9% inches over marly clays: grave! var.
from 1/2 to over 5 inches in diameter,

% HOUSTOR CLAY

Soil Description
Approximately 2% inches of siowly permeadle calcareocus clays over
marly clays, chalk, or marls: less than 7 percent gravel in srofile.

HOUSTON-SUMPTER CLATS

Approximately 20 inches of slowly permeable calcareoss clays over
sarly clays, chalk, or sarl; Jess than 7 percent gravel in peotils,

:] KNIPPA CLATS

Soil Description

Approximately 50 to 50 inches of soderately crumbly clays grading
thick Toamy alluvial sediments: raunded catcivm carbomale comeretioey
soft masses occur Below 39 inches: graval may underlie the 30il at de1
of 5 to 12 fost,

)

FRIO SILTY CLAY LOAN

Rescription

Approximately 16 to S0 inches of calcareous silty clay loss to los
over losay alluvial sediments positioned on high bottom above noraal
tlood stage: gravel say occwr below § fegt in depth; some gravel is
conented.

- BRACKETT-AUSTIN CONPLEX

30} Desceiotion

Brackett - 12 to 20 inches of clay Tose, tosm, or silty clay loam
over chalh, marl, and soft lieestone, interdedded and many feet thick:
tome anquler gravel or fragaents are common on the surface and in the
solue.

Austin - Approsimately 20 to %% inches of calcareovs, very cromdly
silty clay over altered chabh which usually is soft and thinbedded with
vertical thich i occavionsl hard strata occur within 4 to 3 feat,

MEDINA BASE
RESTRICTED AREA WHEN E CRAVILLY ROUGN LANY AN) CALICHS OUTCROPS
SOIL SURVEY PERFORMED Soil Description

Happing wnit iaciudes gravel pits. arean having caliche ovtcross du
to sining of gravel, wilh o fou s0il o
cent of aspping wnit 13 not soil,

m GULLTED LAND

So1) Description

included: very mived; 85 por-

3tressbank sucarpoents and gulliad aress along streambanks: of Joasy
stluvial sedimants undertain at vyrladie de

Ne by grovel.

Zas
i

Z LEWRIYILLF CLAY LOAM
Jeil Jescriplion

toeronimately 3 to L feet of very cruably calcarsous clay loem over
toeey atluvial sediments which may Be stratifles with Vighter ord heavier
Wrevels ccewrring between 3 to 12 foet: nard rownded calciwm corbonate
concretions occur throwghoul with o concontration of white calciva
.0%00aite srovnd 2% 1o %5 inchey.

E B $RID CLAY LOMN [OLCLStORALLY FLOO0ED)
teil dgscription
Inpeorisetely J8 to 4C iaches of calc

®ovs clay loas underlain in

=HEh B0ds of gravel ane Josar soit materiale: gravel peds ey b

wr fool thicy,

CLATIY ALLUVIAL 188D

et Deseristion
This mepping watt 19 comporsg of voveral clayey soily Meving testyre
of <ler. wavelty cloy. and gravally clay losm | to 5 foat dees over
Tinsstons, shate, chelh, gad ®arly clays. The
et mnatn. froguentiy to occasionally flooded,

- PatrICE Zons

Tesl Descristion
Pengs trem 10 te abBUY IO iaches of clay lcem, lose,
@ Light (lay over porows beds of sravel that occur wit

%

70T 3tratified with Joemy

. 8ilty cley losm,

hin 3 feet of the
teefecel grevel e cammorly comented in ypper 3 108 inches ang, in
Places, saveral feot in thichregs:

\\\\\

containg hoth limestone an¢ chert

#erels 108 te aver J saches in gisester,

N
.

LACKLAND AR FORCE BASE
SAN BNTONIO, TExas

_
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WILFORD HALL HOSPITAL

SURVEYED LOCATION OF BORINGS

AND HOLE DATA

—_———C Tt

HOLE X v EL.
NUMBER M.S. L.
3F-3 2,121,473 | 569,278 | 751.2
3F-16 221,217 | 570,835 | 7135
F-17 2,121,390 | 570,271 | 723
3F- 18 2,121,688 | 569,659 | 7355
3F - 19 2,121,937 | 569,121 737.8
8A6C- 20 | 2,120,842 | 569.958 | 737.0
8A6C-2) [ 2,121,160 | 569,398 | 742.5
6DC- 22 2421,3% | 568,825 | 743.6
3F-23 2,120,094 | 570,388 | 733.9
6DC-24 2,120,345 | 569,665 | 7308
8A6C- 25 | 2,120,538 | 569,220 | 754.0
3F- 26 2,120,908 | 368,527 | 749.6
3F - 27 2,119,342 | 570,095 | 751.2
aF- 28 2,119,765 | 569,457 | 7573
3F - 29 2,120,058 | 568,873 | 7399
3F- 30 2,120,388 | 568,283 | 7602
3F-3 2,119,036 | 569,664 | 752.8
3F-32 2,119,504 | 568,667 | 761.7
3F-33 2,119,812 | 568,027 | 762.8
3F-37 2,119,357 | 569,270 | 7588

‘[BaL] ALtuviom oerosiTs /
Tum] UPPER miDWAY %
)

Dotum, Horizontal: LAMBERT

Vertical: 1929 _MSL.

MAC KOWN DENTAL CLINIC

LEGEND

\\\\\\\\\\\\\\‘.‘«‘E’
o

E

.

i-\.M LOWER MIDWAY

@ NAVARRO GROUP
o 2
B¥%] TavLor GRouP ’/é/’

; =
FAULT ==
. o0 <
3-8

T
- 3" FISHTAIL BORING
8A6C- 25 B"AUGER- 6" CORE BORING o
. K
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Diam 4.44 in. | Bt 2H =100 4y, |Water Content, v, 188 % | vy 19.6 %
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Boring No. BA6C - 20 Sample No. TYPICAL
Depth _
CONSOLIDATION TEST REPORT

ENC FORM
1 MAY 63 2090

PREVIOUS EDITIONS ARE OBSOLETE. {TRANSLUCENT)
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Coefficient of Permeability, k,eo, 107 cm/sec

0.1 0.2 0.3 0.k 05 1 2 3 b 5 10 20 25
‘ T
EXPANSIQN PRESSURE| 1$
APPRGXIMATELY | tlob| TIS.F.
86
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.84 b——r—— PN --U\\ \
\\ \\\( \\
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.82 \ \
" )\\‘ (\ N,
N \\ N
c 80 TN \\\Y;\
o~
N
7 .8 AN
g . K ‘N
N, »
N
.76 \\
\
N
\\
.74 N
AY
tD-
72 CURVE [1S| BASED ON | 24| HOUR |TIME [INCREMENTIS,
ef| SHOWN BELOW REPREBENTS [TOTAU |MOVEMENT,
CQRREJTED Fov EKTIRUSION.
0.1 0.2 0.3 0.%0.5 1 2 3 & 5 10 20 25
Pressure, p, T/sq ft
Type of Specimen UNDISTURBED Before Test After Test
Diam 4.45 in.| Ht 2H = 1.00 in. |¥ater Content, w, 29.6 % | Ve 31,2 f
Overburden Pressure, po 2.1 T/sq £t Void Ratio, € -840 e .862
Preconsol. Pressure, D, T/sq £t | Saturation, S 96 % | S¢ 99 %
3
Compression Index, C. - 0.16 Dry Density, 74 93 1b/ft
Classification  CLAY (CH) ko 8t e = x 107 cm/sec
L 99 6 2.74 Project LACKLAND A.F.B.
D
PL 26 10 UPPER MIDWAY FORMATION
Remarks SAMPLE CUT FROM Area FOUNDATION MATERIAL
3453 - 345 Boring No. 8BA-6C- 48 Sa.mp.le‘No. TYPICAL
Depth  SEE REMARKS '
31.8 - 36.4 Date MAR. 66

CONSOLIDATION TEST REPORT

ENG F
s Ay o3 2090

PREVIOUS EDITIONS ARE OBSOLETE. (TRANSLUCENT) a 8424
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Coefficient of Permeapility, k., 10 cm/sec
0.1 0.2 0.3 0.4 0.5 1 2 3 4y 5 10 20 2%
E)gAN ION | RESSURE l%
ARPROKIMATELY FO oz 1s
\
.76 N
74
b -4—--—4-4——--—-— — .—{ -{.—_ 1o
T2 -y N
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' ~
\ 1~ . \J\
[V ,70 X
T~ N
o Y
-~ ™~
g8 es B \\c\
| : S \
: o
Py
g 66 Nooro
\$th\\\\\
e~
\\\\::ﬁ
.64 S
N
7
62 S
CQURYE| I$ BASED DN |44 HOUR Tl&E |JCREMENTS
qflfHCWV QELO REARESENTS AL MCVEMEN1.
.60
| 9.1 3.2 0.3 0.40.5 1 2 3 L4 5 10 20 25
i Pressure, p, T/sq ft
5 Type of Specimen ;)\ hiSTURBED ' Before Test After Test
Diam 4.44  in.| Bt 2H:=1.00 in. |Water Content, w,|  22.0 vy 254 %
'Overburden Pressure, po 3.0  T/sq ft | Void Ratio, e, 722 er .702
Preconsol. Pressure, D T/sq £t { Saturation, S 83 $ | 8 99 %
Campression Index, C. 0.34 Dry Density, 74 99.5 lb/f‘b3
Classification CLAY, SANDY (CH) Kk, at e = x 107 cm/sec
L. 68 6,  2.74 Project LACKLAND AIR FORCE BASE
D
L 22 10 LOWER MIDWAY FORMATION
Remarks Area FOUNDATION MATERIAL
Boring No. 6DC -207 Sample No. TYPICAL
Depth .
448 - 45,7 Date AUG. 65
CONSOLIDATION TEST REPORT
ENG FORM 9990 PREVIOUS EDITIONS ARE OBSOLETE.  (TRANSLUCENT) A sa24

1 MAY 63
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U: S. GEOILOCICAL SURVEY
ATD
TEXAS WATSR DEVELOELEIT POARD

Mr, A, G, Winslow, Chiel of Projects, and Mr. C, R. ¥ollett, Engineer,

il tﬁe Gzological Survey, and lMr. Richard C. Peckham, Director of the
CGround Water Division Tor the Texas Water Development Board, vere very
helpful with their invalua ble suggestions énd assistance during the courééA
of this investigztion. Tﬁéé?:éooo eration in making thsir logzing uni%_

~

“available for this study facilitated development of iniormation useful
in checking subsurface data which had bzen obtained from other sources.
Their services and eguipment were furnished at no cost. A letter of

appreciation has been furnished to each agency for this assistance, and

a copy of this letter is included in this Ap Ddix.

DRILLIFG COMTRACTORS
The Highway Drilling Company of Route 9, Poix 5904, San Antonio,

Texas, was the drilling contractor for the two exploratory calyx bvorings

drilled for this investigation. This company Tuwrnished a crane-mounted

foundation auger rig and all The necessary supporiing ecuipmeny to Arill

S ] -J
case, and backrill a 30-inech x 100-foot auger boring. MNr, Dale Willizas
supervised this operation.
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CONSULTANTS

Mr. Porter A. Montsomery of Montgomery Stratizraphic Services was
retained for micro-paleontolozical studies of tne primgry formation
. within the study area. |

Mr. Will R. Clack of Bzdford, Texas, was retained to perform a
seismic survey of the Eéépital Complex area,

Dr; Arthur J. Eglmaqn,:Agsociate Professor of Gezology, Texés ;
Christian University, Fort Vorth, Texas, was retained to perform
mineralogical anaiyses on selected samples of the Midway and Navafro
formations.

Core Iaboratories, Incorporated, of Midland, Texas, was retained

to run a gammz log for correslation purposes on the core from boring

8A6¢-10.
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DEPARTMENT OF THE ARMY .
FORT WORTH DISTRICT, CORPS OF ENGINEERS ]
P. 0. BOX 17300
FORT WORTH, TEXAS 76102

IN REPLY REFER TO
SIFED-F . St i 2 Decembar 1956

Mr. Trigg Twicnell, District Chief -
U.-S. CGeological Survey

Federal Building

300 Eést 8th Street

Austin, Texas 78701

Dear Mr. Twichell:

The Fort Worth District Corps of Enginesers wishes to express s
appreciation for the essistance of the Ground Water Divisicn of the U,
Geological Survey in logging water wells and exploratory borings for th
Iackland Air Force Rase Geolozical Invastigation being parformed by our -
District for the United States Air Force, This service was 1nvaluable
in determining the detailed subsurface conditions for the proposed area
for the Yilford Hall Hospital Complex and resulted in ootaining structural
informatiosn useful to both agencies, '

it
e

S.

Qur special thanks go to Mr. A, -G. ¥inslow, Chief of Projects, and
Mr. C, R, Follett, Engineer, for their excellent cooperation and invalusble
suggestions durlnr this investigation. - :

It is understood that the logging equipment in service by the U,S.G.S..
is a cooperative unit with the Texas yater Developriznt Board, with expenses
shared equally by these two agencies, Ve would a2lso .like to express our
appreciation to the Texas Water Developmant Board and Mr, Richard (. Peckhan,
Direclor of the Ground Water Division, for their cooperation in this study.

Sincerely yours,

/ Z{/’;{// &

Copies furnished:
See next page




SUFED-F ’ 2 peceiber 1965
Mr. Trizg Twichell '

Copies furnished:
Mr. John J. Vandertulip
Chief Engineer
Texas VWater Desvelopnent Board
Sam Houston State 0ffice Building
P. 0. Box 12385
Austin, Texzs TO711

Mr. Joe G. Moore, Jr.

Execultive Director

Texas Yater Developuent BoqL

Sam Houston State Office Vulldwna
P. 0. Pox 12385

Austin, Texas TOT1l
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MONTGOMERY'S BTHAHBHAPHIE otfVILE

MILAM BUILDING : SAN ANTQHIO, TEXAS

PORTER MONTGOMERY MAY 23, 1966 oA 35851

MR. WAYNE HCINTOSH

UNITED STATES CCRPS OF ENGINEERS

100 WEST VICKERY

FORT WORTH, TEXAS

DEAR MR. MCINTOSH:

ENCLOSED IS A REPORT ON THE MICROPALEO WORK DONE ON GEOLOGIC SAMPLES

FROM CORE HOLES ON LACKLAND AIR FCRCE BASE AND SURFACE VWORK IN THE AREA.

.
e At e et e e e e o oo s 32 3 e o A A ki Bt i 0

INCLLUDED ARE A FEW EXTRA NOTES M ACDITION TO THE REGUESTED PALEO -WORK

BECAUSE THEY HAVE A BEARING ON YCUR FPROBLEM.

VERY TRULY YOUPS,

//:;) ')
N
¢ O, /Z/ i e
PORTER A. MONTGOMERY
~ <X |

PAM: BP )




PALEONTOLOGICAL, STRATIGRAPHIC AND STRUCTURAL NOTES
ON LACGKLAND AIR FORCE BASE

SAN ANTCNIO, TEXAS

- A GEOLOGIC REPORT PREPARED FOR
UNITED STATES CORPS OF ENGINEERS
FORT WORTH, TEXAS

BY PORTER MONTGOMERY _
MONTGOMERY'S STRATIGRAPHIC SERVICE
1517 MiLAM BUILDING
SAN ANTONIC, TEXAS
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MILAM BUILDING SAN ANTONID, TEXAS

PORTER HKONTGOMERY CA 36861

PURPOSE OF REPCRT

THE PURPOSE OF COLLECTING GEOLOGIC SAMPLES FROM SURFACE OUTCROPS AND CORE
HOLES AND STUDYING THE FOSSIL FORAMINIFERA WAS TO IDENTIFY THE GEOLOGIC
FORMAT IONS AND TO SEE |r'i§tse COULD BE ZONED IN DETAIL. THE GEOLOGIC
INFORMATION GAINED IS TO sﬁ;Qégé WITH THE CORE DRILL PROGRAM SET UP T@r

STUDY FOUNMDATION PROBLEMS ON LACKLAND AIR FORCE BASE,

CONCLUSIONS

TWO -GEOLOGIC FORMATIONS, THE MIOWAY AND THE NAVARRO, HAVE BEEN PENETRA*ED
-WITH THE FIVE CORE HOLES EXAMINED. THICKNESS ESTIMATES OF THE GEOLOGIC
SECTIONS PENETRATED ARE 129'-OF MIDWAY AND 107' OF NAVARRO. THiIS IS NOT
THE COMPLETE THICKNESS OF EITHER FORMATION IN THIS AREA, A WATER QELL

IN THE AREA ALLOWS AN ESTIMATE OF 465%' OF THé NAVARRO FORMATION., NO AD-

DITIONAL NEARBY MIDWAY DATA VWAS EXAMINED.

THE MIDWAY FORMATION WAS PRESENT IN THREE CORE HOLES. THE UPPER 68! OF
THE FORMATION WAS NON-GLAUCONITIC. FURTHEK ZOMATION OF THIS PART OF THE
“1DWAY DOES NOT SEEM TO BE POSSIBLE ON THE LIMITED DATA AT THIS TiME.
THE FORMATldN IS VERY GLAUCONITIC IN THE LOVER 61'., AT LEAST A PART'QF
THIS LOWER SECTION IS EXPOSED AT THE SURFACE AND A VISUAL'EXAMINATION
IHDICATES A POSSIBILITY OF ZONING BASED ON LITHOLOGY AND PROSAEBLY FOR-,
AMINIFERA. YOUR LOG ON 6LC-207 1S NOT FAR FROM THE CUTCROP AND SHOWS

THE VARIATION IN LITHOLOGIES IN THE GLAUCOMITIC ZONE FROM 35.7' TO 96.5'.




’

PACE 712

I[F OTHER CCRE HOLES ARE AVAILABLE IN THIS INTERVAL, LITHOLOGIC CORRELA-

TIONS SHOULD BE ATTEMPTED TO SEE- IF THE BEOS ARE EXTENSIVE OR VERY LOCAL.

THE HAYVARRO FORMATION WAS EXAMINED 1IN TWO CORE KOLES. A ZONE OF SHALE
COMTAINING ABUNDANT FORAMINIFERA AND REC-BROWN ROUNDED POLISHED FISH BONES

AND PEBBLES OCCLRS IN BOTH WELLS, IT 1S LIKELY THAT THESE TvwO OCCURRENCES

" ARE THE SAME GEOLOGIC ZONE, AND IF SO CAN BE USED FOR CORRELATION IN THe

FIELD BECAUSE THE ZONE CAN BE PICKED ON CLOSE VISUAL EXAMINATION, IN THE
DEEPER TEST, TWO ADDITIONAL ZOMES OF SMALL'WATER-HORN OYSTER SHELLS, 30!
AND TO' BELOW THE FISH BONE BED, MIGHT BE SECONCARY CORRELATIVE ZONES.
VISUALLY THEY APPEAR THE SAME, BUT THE UPPER ZONE CONTAINED A FORAMINIFERA,

GYRCIDINA DEPRESSA, NOT SEEN IN THE LOWER BED.

THE LIMITED NUMBER OF FORAMINIFERA, PROBABLY BECAUSE CF WEATHERING, THROUGH
MOST OF THE SECTION EXAMINED TO DATE AND LONG RANG!NG FORAMS MAKES A DETAILEb
FORAMINIFERAL ZCONATION DIFFICULT AND SUBJECT TO QUESTION. HOWEVER, NO QIF~
FICULTY WAS EXPERIENCED IN DISTINGUISHING THE NAVARRO FAUNA FROM THE MIDwAY

FORAMS EXCEPT FCR ONE INSOLUBLE FORAM OCCURRING IN BOTH FORMATIONS,

THE SAMPLE E;AMlNATION ALSO SHOWEb THAT SOME OF THE SEDIMENTS WERE WEATHER-
ED AND SOUME WERE NOT. THIS WEATHERING 1S POSSIBLY CAUSED BY WATER PERCOLAT-
ING THROUSH FRACTURES DUE TO FAULTING AND FOLDING, THE DEPTH OF WEATHERING
MAY BE RELATED TO ELEVATICHN OF SURFACE CRAINAGE CM LEON AND MEDIO CREEK,

THIS WEATHERING MAY BE A FACTOR IN THE FOUNDATION PROBLEM,

STRUCTLRE WAS NCT STUDIED IN GETAIL BUT A DOWN-TC~COAST FAULT (SEE ENCLO-

SURE #2) WITH AT LEAST 230' OF THROW {(MISSING SCCTION) AND TRENDING NORTH

T e T R S T i At i
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60 DEGREES EAST 1S PRESENT ALONG THE NORTH EDGE OF LACKLAND AIR.FORCE

BASE. AN AMTICLINE WITH APPROXIMATELY 265' OF NORTHWEST DIP TRENDS THROUGH
SOUTH CENTRAL LAFB APPROXIMATELY PARALLEL WITH THE FAULT. THE AMOUNT

OF D!P SHOULD BE CONSIDERED IN SPACING COREZ HOLE LOCATIONS SO THAT THE

LOGS MAY BE CCRRELATED.

JORK METHODS

THE INITIAL SAMPLES, AT AEPéOX}MATELY FIVE FOOT INTERVALS, WERE SELECTED
FROM CORES OF TEST HOLES BﬁéEEQGB_AND 60C-262 STORED AT LAFB. THESE CORE
CHIPS WERE PROCESSED TO FREE THE FORAMINIFEéA FROM THE MATRIX AND A SEPARATE
MICRO~PALEONTCLOG ICAL SLIDE OF EACH INTERVAL WAS MADE TO DETERMINE IF THE
GEOLOGIC SECTION COULD BE ZONED N ANY DETAIL. HMOST OF THE SAMPLES CONTA IN-

ED VERY FEVW FORAMINIFERA AND MANY WERE POORLY PRESERVED. SOMETIMES ONLY THE

INSOLUBLE FORMS WERE PRESENT.

THE FORMATICN IDENTIFICATICNS, BASED ON THE FORAMS, WERE MADE AND MR. ROBERT

BEHM WAS NOTIFIED BY TELEPHONE,

LATER SAMPLES FROM THéEE.MORE CORE HbLES, WHICH HAD BtEN STORED AT CANYON
DAM, WERE BRCUGHT IN BY MR. BEHM AND THESE WERE PROCESSED IN THE SAME MAN-
NER, THE CORES OM BA6C-8B WERE VISUALLY EXAMINED A SECOND TIME AT LAFB 7O
DETERMINE IF THE FISH BONE BED FOUND IN CORE HOLE B8ASC-268 HAD BEEN MISSED
OM THE FIRST SAMPLING DONE AT FIVE FOOT INTERVALS. MR. BEHM HAD RECORDED
THIS BED IN HIS NOTES. A SAMPLE WAS TAKEN OF THIS INTERVAL WHICH COMFIRM-
ED THE PRESENCE OF THIS BONE BED. IT wAS THIN ENOUGH TO BE MISSED AT THE

FIVE FCOT SAMPLE INTERVAL.

A SURFACE COLLECTION wWAS MADE ON LAFB ALONG LEON CREEk BY MR. BEHM AND MY~
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SELF. LATER MR. BEHM AND | EXTEMDED THE SURFACE GEOLOGICAL WORK TO CLARIFY
STRUCTURAL AND GEOLOGIC RELATICNSHIPS TO THE NORTH AND SCUTH ALONG LEON CREEK
AND ON MEDIO CREEK ON MEDINA BASE. A SMALL AMOUNT OF MATERIAL, PREVICUSLY
COLLECTED BY ME IN THE AREA AND SOME PREVIOUS SUBSURFACE WORK, FURNISHED

G v
BACK%ROUNy INFCRMATION, THESE LOCATIONS ARE NUMBERED AMD ARE PREFIXED WITH

THE LETTERS "PM" ON THE TwWO MAPS TO CISTINGUISH THEM: FROM THE CORE HOLES ON

LAFB. .

THE ENCLOSED LOGS GRAPHICALLY PRESENT A PARTIAL LIST OF THE KEY .FORAMINIFERA

FOUND IN CCRE HOLES AT LAFB.

SURFACE GECLOGY

THE OUTCROP PATTERM ON LAFB IS INFLUENCED BY FAULTING, FOLDING, EROSION AND

NORMAL SOUTHEAST REGIOMAL CIP,

IN THIS AREA, THE SURFACE GEOLOGICAL FCRMATIONS '‘FRCM THE LOWER-MOST UPVARD
ARE TAYLCR SHALE, NAVARRO SHALE, MIDWAY SHALE AND QUATERNARY GRAVELS AND

CLAYS., SURFACE COLLECTIONS WERE MADE ONLY OF THE FIRST THREE FORMATIONS,

THE LOCATION AND GEOLOGIC AGE OF THE SAMPLES ARE INDICATED BY COLCRED CIRCLES,

PLOTTED ON ENCLOSURE #1 AND f;2 AND COMMENTS ON EACH ARE MADE AT APPROPRIATE

PLACES IN THIS REPORT.

TAYLOR FCRMATION

THE TAYLOR FORMAT ION (SEE ENCLOSURE {72), UNDERLYING THE NAVARRO AND OLUEST
OF THE GEOLOGIC IMTERVALS EXAMINED, HAS NOT DEEN PENETRATED IN ANY OF THE
CORE HOLES EXAMINED, NOR HAS IT BEEN FOUND OUTCROPPING OM LAFB, ALTHOUGH
IT MIGHT BE NEAR THE SURFACE IN THE NORTHWEST CORNER OF LAFB. THIS FORMA-

TION IS SHALE WITH A SMALL AMOUNT OF SILT AND IS APPROXIMATELY 290' THICK
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i A WATER WELL AT PM=-22. IT IS FOUND ON YHE SURFACE ON LECN CREEK NORTH
OF HIGHWAY 90 (PiM~35) AND AGAIN WEST OF LOOP 410 ON HIGHWAY 20 (Pi4-20) AND

SLIGHTLY TO THE NORTH PM=-19, 39 AND 40.

IT IS PROBABLE THAT THE TAYLOR OUTCROP SWINGS SCUTHWARD DOWN MEDIO CREEK AND
IS PRESENT 5' TO 10' BELOwW STATION PM-36 ANO PN~37, BUT IS NOT EXPOSED. A
SMALL AMOUNT OF SHOVEL WORK SHOULD £XPOSE THE TAYLOR FORMATION AT PM-37 IN

THE MEO 1O CREEK BANK.

NAVARRO FORMATION

THE OUTCROP OF THE NAVARRO (SEE ENCLOSURE #2) 1S iNFLuchgo ON THE NORTH

BY A DOWN-TO-COAST FAULT M"A", TRENDING NORTHEAST, IN THE CENTER BY AN ANTI-
CLINE TRENDING PARALLEL wufH THE FAULT, ON THE SOUTHEAST BY REGIONAL DIP

AND A DOWN-TO-COAST FAULT BETWEEN PiM=-33 AND PM~29.

THE COMPLETE NAVARRO SECTION HAS NOT BEEN PENETRATED IN THE CORE HOLES EX=-
AMINED. IT CONSISTS OF SHALE WITH A SMALL AMOUNT OF SILT. THE THICKNESS

CAN BE ESTIMATED AT ABOUT 465' BY COMPARING THE ELECTRIC LOG OF LAFB WATER
WELL #3 WITH THE SAMPLE LOG OF A WATER WEZLL LABELED PM-22. THE UPPER SAMPLES
ARE POOR, SO AN EXACT TOP OF NAVARRO CAN NOT BE PICKED BUT COMPARISON OF

THIS SAMPLE LOG WITH THE ELECTRIC LOG ON WATER WELL ;i3 SUGGESTS THE TOP OF

NAVARRO TO BE AT 180' AND THE BOTTOM TO BE AT €45',

STARTING AT LEON CREEK ON THE NORTH SIDE OF THE ANTICLINE (ENCLOSURE j#2);
F¥-2 IS A POOR EXPOSURE OF WEATHERED SHALE WITH A TRACE OF NAVARRO FORANMS;
PM-1 1S AN EXPOSURE AT THE DRAINAGE DITCH ALONG HIGHWAY GO0 AND CONTAINS A

TRACE OF WEATHERED NAVARRO FORAMS; PM-15 1S A CORE ‘HOLE IN HIGHWAY 90 MEDIAN,
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LOCATION IS APPROXIMATE, BY TEXAS HIGHWAY DEPARTMENT., -SAMPLE COLLECTED

FROM THIS CORE HOLE AT 32' BY HR. JAMES CHRISTIE APPEARS TO BE WITHIN A

FEW FEET (5'-10') OF THE BASE OF THE NAVARRO; Pii=-41 HAS A FEW NAVARRO FORAMS;
PM-36 1S AN EXOGYRA COSTATA ZONE LOCATED IN A PIT ON MEDINA BASE, THIS IS
WITHIN A FEW FEET OF THE BASE OF THE NAVAéRo;'PM—37 IS THE SAME HORIZON BUT

ON MEDIO CREEK, IT IS LIKELY THAT A SMALL AMOUNT OF SHOVEL WORK . \WOULD EXPOSE

THE TAYLOR SHALE AT THIS POINT.

THE ANTICLINE BRINGS THE NAVARRO TO THE SURFACE AGAIN ALONG LEON CREéK AT
PM-12, PM-9, AND PM~6, 7 & 8. PM-16 HAS A BONE BED POSSIBLY EQUIVALENT TO
THE ONE FOUND IN CORE HOLE BABC-8 AT 55'. Pl-17 AND PM-18 ARE STILL SURFACE
OUTCROPS CONTAINING NAVARRO FORAMS. PM-29, 30 ANb 31 ARE NAVARRO SQALE.
ACROSS THE GULLY FROM PM-29 ARE MIDWAY GREEN SANDS. THIS INDICATES A DOVWN=-
TO~COAST FAULT ALTHOUGH THE FAULT PLANE ITSELF WAS'NOT OBSERVED. PM¥26,

27 AND 23 ARE NAVARRO SHALE WITH A FEW WEATHERED FORAMS.

MIDWAY FORMATION

THE SURFACE OUTCROPS OF THE MIDWAY (ENCLOSURE #2) ON THE NORTH SIDE OF‘THE
ANTICLINE ALONG LEON CREEK ARE PM-34, A GLAUCONITIC SHALE WiTH MIDWAY FORAMS;
PM=3, A GLAUCONITIC SHALE WITH MHIDWAY FORAMS; PMM~4, A GLAUCONITIC MIDWAY
SHALE WITH FORAMS AND ABOUT ONE FOOT ABOVE THE NAVARRO CONTACT; PM=11, A
GLAUCONITIC HIDWAY SHALE; PM~13, A GLAUCONITIC lMIDWAY SHALE THREE FEET ABOVE
NAVARRO CONTACT; PM—io, GLAUCONITIC MIDWAY; WESTWARD ON MEDIO CREEK, FM—éB.

A GLAUCONITIC MIDWAY SHALE,; PI-21, A WEATHERED MIDWAY SHALE; PM-22, A WATER
WELL WHICH STARTED INM PMIDWAY SHALE, SOUTH OF THE ANTICLINE ON LEON CREEK;
PM-33, A GLAUCONITIC MIDWAY SHALE ON THE DOWN SIDE OF A FAULT SEPARATING

IT FROM NAVARRO AT PM-29., PM-32 1S ALSC GLAUCONITIC iHIDWAY SHALE.
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SUBSURFACE GEOLOGY

TWO GEOLOGIC PERIODS ARE REPRESENTED IN THE SUBSURFACE MATERIAL EXAMINED
(ENCLOSURE f{1)s THE PALEOCENE MiDWAY FORMATION AND THE CRETACEOUS NAVARRO
FORMATION, BOTH CONSIST OF CLAY AND A SMALL AMOUNT OF SILTY CLAY AND SILT

WiTH THE LOWER PART OF THE MIDWAY BEING VERY GLAUCONITIC, ONLY A FEW LITH=-

OLOGIC NOTES WERE MADE FOR THIS HAS BEEN ADEQUATELY STUDIED BY THE UNITED

STATES CORPS OF ENGINEERS. THE FORMATIONS WERE DIFFERENTIATED BY THIS. WRITER
ON THE BASIS OF PALEONTOLOGY, THE FORAMINIFERA, WITH FEW EXCEPTIONS, EEING

DISTINCTIVE IN THE TwO FORMATIONS,

THE TAYLOR FORMATION HAS NOT BEEN PENETRATED IN ANY CORE HOLES EXAMINED BUT

IT HAS BEEN REACHED IN WATER WELLS ON LAFB ANOD VICINITY,

NAVARRO

LAFB WATER W;LL #5, ELECTRIC LOG CONTROL, FIRST READING AT 112', CORREZLATION
WITH LAFB WATER WELL f3 SUGGESTS THE WELL STARTS 10! TO 20' BELOW THEATOP

OF NAVARRO, INDICATING APPROXIMATELY 500' OF NAVARRO FORMATION AT THIS POINT,
ELECTRIC LOG CORRELATION SHOWS A FAULT WITH 230' OF MISSING SECTION AT.APPéOX-
IMATELY 1,026' AND TOP OF GEORGETOWN AT 1,100" (-358!'), SAMPLE AT DEPTH 32;
IN PM=-15 1S PROBABLY NEAR (5'-10') THE BASE OF THE NAVARRO. |F THIS INTER=-

PRETATION IS CORRECY, IT IS ON THE HIGH~-SIDE AND FAULT SEPARATED -FROM VATER

VELL #5.

HUMBLE OIL & REFINING COMPANY SERVICE STATION WELL AT HIGHWAY Q0 AND LCOP
13, ELECTRIC LOG CONTROL SUGGESTS BASE OF THE NAVARRO AT APFROXIMATELY 50!,
THIS AND DATUM RELATIONSHIP AT TGP OF THE GEORGETOWN AT 876' (-125') INDI=

CATES HUMBLE YWATER VWELL 1S ON THE HIGH-SIDE AND FAULT SEPARATED FROM WATER
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wELL /5.

LAFB WATER WELL #4, ELECTR!IC LOG CONTROL, FIRST READING AT 235', LAST READ-
ING AT 1,251', COSRELATION INDICATED WELL STARTELU ABOUT 50' BELOW TOP OF
THE NAVARRO., THE WELL IS FAULTED AT 1,140', DISPLACEMENT UNKNOWN, PROJECTED

TOoP OF THE GEORGETOWN 1,250' (-492').

SAMPLES AT PM-36 AND Pi+-37 ARE NAVARRO AND PRCOBABLY A FEW FEET (5'-10') ABOVE

THE TOP OF THE TAYLOR. . .7

THESE POSTULATIONS INDICATE THAT ON THE HIGH-~-SIDE OF THE FAULT THERE IS A
SMALL AMOUNT OF DOWNWARPING INTO THE FAULT WITH A RELATIVELY THIN REMMANT

‘OF NAVARRO OVERLY!ING THE TAYLOR ON THE NORTH SiDE OF FAULT "AY,

-

ON THE SOUTH SIDE OF THE FAULT, THE MAVARRO HAS BEEN FOUND IN CORE HOLE SAGC-B,
WATER WELL /5, WATER WELL 4, AND WATER WELL 73. CORE HOLE BAB6C-8 WAS IN
NAVARRO AT THE FIRST SAMPLE AT 21' AND AT THE LAST SAMPLE AT 127.3°'. WATER.
WELL #5, AS NOTED ABOVE, PROBABLY STARTS 10! TO 20' BELOW TOP OF THE NAVARRO
AND THE BASE OF THE NAVARRO 1S AT 400¢%, THE SECTION IS SLlGHTLY‘THICKER

BECAUSE OF DOWNWARPING INTO THE FAULT.,

WATER WELL i3, ELECTRIC LOG CONTROL, FIRST READING AT 85', LAST READING AT
1,543', CORRELATION WITH SAMPLE LOG PM-22, SUGGESTS THAT 180' OF MIDWAY IS

PRESENT. TOP? OF NAVARRO AT 180!, BASE? OF MNAVARRO AT 640'. THICKNESS IS

ESTIMATED TO BE 480', TOP OF GEORGETOWLN 1S AT 1,475 (-708').
CORE HOLE 60C-207, OM THE NORTH FLAMK OF THE ANTICLINE, FOUND THE NAVARRO

AT 96' AND PENETRATED FOUR FEET OF THE FORMATION,

IT- WAS ALSO FOUMD ON THE ANTICLINE IN CORE HOLE BABC~268, FIRST SAMPLE AT
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23" AND LAST SAMPLE AT T0' WERE IN NAVARRO,

MICHAY .
THE MIDWAY FORMATION, YOUNGEST MARIME FORMATION IN THE LAFB AREA, IS PRE-
SERVED IN THE DOWN FAULTED BLOCK ADJACENT TO THE DOWN-TO~COAST FAULT YAY
AND HAS BEEN REMOVED BY EROSIOM OVER THE ANTICLINE. IT HAS NOT BEEN FOUND
SOUTH OF THE ANTICLINE ON LAFB, BUT HAS BEEN FOUND séurH OF LAFB ON LEON

CREEK WHERE IT IS AGAIN PRESERVEDO ON THE DOWN~SIDE Of A DOWN-TO-COAST FAULT,

LABELED FAULT ¥B",.

) A WELL ABOUT 12 MILES SOUTH OF V/ILFORD HALL HOSPITAL ON LAFB HAS 280' OF
MIDWAY SHALE OF WHICH ABOUT 110' AT THE BOTTCM IS GLAUCCHITIC, THE FORMA-
TIdN THICKENS QULFWARD, SO THE LAFB AREA WOQLD HAVE HAD A SLIGHTLY THINKNER -
SECTION, EROSiON PROBABLY HAS REMOVED A SUBSTANTIAL PART OF THAT MIDWAY

ORIGINALLY DEPOSITED OVER LAFB AND A COMPLETE SECTION IS PROBABLY NOT PRE=-

SERVED IN THE DOWN FAULTED BLOCK,

THERE WAS NOT SUFFICIENT CORE HOLE DATA ON LAFB TO GIVE A FULL SECTION OF

THE MIDWAY PRESENT, ALTHOUGH IT 1S POSSIBLE TO ESTHMATE A MINIMUM THICKNESS

PRESENT OF 106'. THE CCRE HOLE 8D3C-262 PENETRATED 45' OF NOMN-GLAUCONITIC
. MIDWAY FROM 23% (FIRST SAMPLE) TO TOTAL CEPTH OF 68', CORE HOLE 63C-207
) PENETRATED 61' OF GLAUCONITIC MIDWAY, THUS GIVING THE MINIMUM THICKNESS NOTED

ABOVE,

THE MIDWAY FORMATION WAS PENETRATED IM THREE OF THE CORE HOLES EXAMINED.

oy B CORE HOLE 8A6C-225 1S ON THE DOWM SIDE OF FAULT "A" AND THE MIDWAY IS IN

. THE FIRST SAMPLE AT 25' AND THE LAST SAMPLE AT 65'« VWEATHERED GLAUCONITE
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IS PRESEMT,

CORE HOLE 60C-207 IS ON THE NOBRTH FLANK OF THE ANTICLINE. THE FIRST SAMPLE

AT 35' IS GLAUCONITIC MICWAY AND THE TOP OF THE NAVARRO 1S AT 95t,

CORE HOLE. 60C-262, ALSO BETWEEN THE ANTICLINE AND FAULT “A%, HAD NON~GLAU-

CONITIC MIDWAY FRCM FIRST SAMPLE AT 23' TO LAST SAMPLE AT 68',

M1DWAY ZONATION

THE MIQWAY FORMATICN OF WH‘?Q;TbG' HAS BEEN PENETRATED IS DOMINANTLY pLAY
VIITH A SMALL AMOUNT OF'SILT. TEE UPPER 68f CF MIDYWAY PENETRATED IN'THE CORE-
HOLES WAS NON-GLAUCOR(ITIC AND APPEAEED‘TO 8E BEHTONleC. MOST OF THE FAUNA
WAS. LEACHED OUT AND FURTHER ZONATIONM CF THIS UPPER PART DOES NOT SEEM POS-
.SIBLE. IF ANY ADDITIONAL HIGHER MIDWAY SECTICOM, PROBABLY PRESENT NEAR FAULT

TAY, IS PENETRATED THIS MIGHT FURNISH ADDITIONAL CATA.

THE BOTTCM PART OF THE FORMATICN 1S GLAUCCONITIC SILT AND SHALE., THE CORPS
OF ENGIMEERS' LOG ON CORE HOLE 60DC-207 1IN CONJUNCTlON WITH THE PALEO INDI-
CATES THE MINIMUM THICKNESS OF THE GLAUCONITIC ZONE. |IT SHOWS THE FIRST
15' TO BE REWORKED MATERIAL, THEN PRIMARY CLAY AND ST TO 32.7', A SAND
STONE 35.7' TO 35.6' WITH RED STAIN (POSSIELY FRCIM WEATHERED GLAUCONITE);
36.6' TO 96.5' GLAUCONITIC CLAY, SILT AND SAND; 96.5' TO 100" SHALE - MARL.
THIS INDICATES THE MIDWAY TO BE GLAUCONITIC FROM 35.7' TO 96.5', SC WE HAVE

USED THE FIGURE OF 61' FCR THE GLAUCON]TIC ZONE

THE SAMPLE INTERVALS EXAMIKED BY THE WRITER ON THIS CORE HOLE VERE 35', 46t
61', 71', BO', 90! AND 100'. THE FIRST SAMPLE AT 35' THROUGH 90' CONTAINED

MIDWAY FORAMS AND GLAUCONITE IN VARYING ABUNDANCE., THE LAST SAMPLE AT. 100!
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CONTAINED A FEW NAVARRO FORAMS,

THE MIDWAY SURFACE OUTCROP ON THE VEST SIDE OF LEON CREEK (N THE VICINITY

"OF KELLY ROAD CONTAINS ABUNDANT GLAUCONITE AN3 VARYING LITHOLOGIES. |IT MAY

‘BE POSSIBLE TO ZONE THIS EXPOSED INTERVAL OF HIDWAY AND A CHECK WOULD BE
TO CORRELATE THE LOG OF 6{C~207, WHICH SHOWS VARIATIONS IN LITHOLOGY, WITH

THE SURFACE OUTCROP AND WITH OTHER CORE HOLES PENETRATING THE LOWER MIDWAY,

NAVARRO ZONATION

TWO CORE HOLES WERE EXAMINED WHICH HAD A LONG NAVARRO SECTION, BAGC-8 ANd

8A6C-268,

THREE POSSIBLE ZONES MIGHT BE CORRELATABLE OVER THE AREA. THE UPPERMOST

IS A RELATIVELY THIN ZONE OF SHALE CONTAINING ROUNDED POLISHED REO-BROWNM

BONE FRAGMENTS AND PEBBLES, THE OTHER TwO ZONES AhE SHALES WITH SMALL THIN
WATER-VORN OYSTER SHELLS. VISUALLY THESE APPEAR TO BE VERY SlMiLAR AND MIGHT
NOT BE GOOD MARKERS, ALTHOUGH THE UPPER BED ﬁAD A FORAM NOT SEEN IN THE LOWER
OYSTER BED. ADDITIONAL DATA IS NEEDED, FOR THESE TWO LOWER ZONES WERE PENE-

TRATED IN ONLY ONE -CORE HOLE,

CORE HOLE 8A6C-8, ALL NAVARRO
FIFTEEN SAMPLES WERE EXAMINED, 21', 30.5', 41.9', 50.9', 56.7',760', 69!
78', 87', 96,8', 106', 115', 119.5', 124' AND 127'. ALL WERE FROM THE
NAVARRO.
SALPLE FROM 56,7' TO 57.5' ~ A ZONE OF RED-BROWN ROUNDED FISH BONZS,
TEETH AND PEBBLES wAS FOUND., THIS POSSIBLY couLu BE USED

AS A MARKER BED FOR IT CAN BE IDENTIFIED IN THE FIELD,

SAMPLE AT 37' -~ SMALL WATER-WORN EORED OYSTER SHELLS. THIS MIGHT BE

A SECOND HCRIZON IDENTIFIABLE IN THE FIELD. IT HAS THE
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FCRAM GYROIDINA CEPRES3A, THIS 1S THE OMLY PLACE IT HAS
BCEN FCOUND TO DATE,
SAMPLE AT 127.8' - A SIMILAR OYSTER SHELL ZONE, BUT IT DI!D NOT HAVE THE

GYROIDINA DEPRESSA.

THE ZONE OF RED-BRCWQ RCUNDED FISH BONES AND PEBELES ALSO WAS FOUND AT THE

SURFACE AT LOCATION P}~16 AND IN CORE HOLE SA6C-26S AT 60'. THIS CORE HOLE
D!D NO} GO DEEP ENOUGH TO CHECK THE OCCURRENCE OF THE TWO OYSTER SHELL BEDS
NOTED ABOVE., SAMPLES WERE EXAMINED ON A WATER WELL (PH-22)VA SHORT DléTANCE

FROM THE SCUTHWEST CORNER OF LAFB ANG FISH GONES AND OYSTER SHELLS WERE SCAT=

TERED THRCUGH THESE SAMPLES. THE QUALITY OF THE SAMPLES DD MNOT bERMIT’SAT—

ISFACTORY ZONATICN, HOWEVER THE PRESENCE OF THIS MATERIAL IN THIS WELL AND

AT PM~1£€ SUGGESTS THAT THE THREE ZORES PROBABLY ARE PRESENT OVER LAFB.

STRUCTURE .

S

THE GECLCGIC STRUCTURE WAS MCT SfUDlEP IN DETAIL AT THIS TIME 8Y ME., PREVICUS
RECONHAISSAHCE WORK IN CONJUNCTIQN WITH THE PRESENT w&RK ARE THE BASIS FOR
VTHESE HOTES AND MIGHT HELP IN lN%ERPRETATION OF THE CORE. HOLE K DATA. STRUC-
TURAL FEATURES APPARENT ARE AT LEAST TwO COWN;TO~COAST FAULTS‘(SEE ENCLOSURE

#2), A SOUTHWESTWARD PLUNGING ANTICLINE AMD KORMAL REGICNAL GULFWARD DIP,

AT LEAST ONE DCWN-TC-COAST FAULT, TREMCING APPROXIMATELY NORTH, 60 DEGREES
EAST, IS ALONG THE NORTH SIDE OF fHE LAFB PROPERTY, THIS FAULT YA" WAS IN-
TERPRETED FROM DATUH-RELATICNSHIPS Ctt TCP OF THE GEORGETOUWN IN VARICUS WATER
WELLS IN THE AREA AMD FCRMATIONS FOUND AT THE SURFACE., A FAULT VWAS FOUND

IN WATER WELL ;4 AND WATER WELL 45 3Y USE OF THE ELECTRIC LOGS IN THE THREE

(42

LAFB WATER WELLS, 53, ji4 AND #6., THIS FAULT COULL BE INTERPRETED TO BE THE
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REGIONAL FAULT MENTIGNED ABOVE OR TO BE A CROSS FAULT SEPARATING WATER WELL
/S AND WATER WELL 74. TOP OF THE GECRGETCWN DATA, BASED PRIMARILY ON DRILLER

LOCS N THE AREA, SUGGEST ADDITICNAL FAULLTINKG MAY BE PRESENT.

IN WATER WELL 75, THIS FAULT CUT WITH 230' OF MISSING SECTION IS FOUND AT
1,020'. WATER WELL ;4 HAS A FAULT CUT AT 1,140'+4-, BUT THE AMOUNT OF MISS=-
ING SECTION CAN NOT BE DETERMINED BECAUSE THE LOG ENDS AT 1,251', THE TwoO

WELLS ARE NOT ON THE SAME‘S(DE OF THIS FAULT AT THE GEORGETOWN DATUM RELA-

TIONSHIPS. NO FAULTING- 1S APPARENT IN WATER WELL /3.

] FURTHER EVICENCE OF FAULT "A" (S SHOWN ON THE NORTHEAST BY PRESENCE OF TAYLOR
AT PFN-35 AND MIDWAY AT PM-34, ALSO BY DATULM RELATICNS ON TWO WATER WELLS TVO

TO THREE MILES FARTHER NORTHEAST.,

ADDITIONAL FAULT CCNTROL ON THE SCUTHWEST IS SHOWN BY PM-37, WHERE TAYLOR
IS POSTULATED TO BE 10' BELOW THE MAVARRO AND PM-38 HAS MIDWAY GREEN SANDS
PRESEMT. -LOCATION PM-38 COULD OMLY BE APPROXIMATEO BECAUSE A MEDINA BASE

MAP WAS NOT AVAILABLE.

THE PRESENCE OF GLAUCONITIG MIDWAY AT PHH-3G4 AND CORE HOLE BA6C-225 CAN BE

EXPLAINED BY A COMBINATICH OF PRESERVATICN AGAINST THE FAULT ANO A GREATER

FAULT THROW AT THIS POINT THAN AT PM-1. A SIMILAR EXPLANATION CAN BE MADE

FOR THE GLAUCONITIC MIDWAY AT PM~38 BEING ADJACENT TOAPOSTULATED TOP OF THE
4 ¢

TAYLOR AT PM-37, THIS WOULD REQUIRE ABOUT 475' OF DISPLACEMENT AT Pi-28.

WATER WELL /5 HAS 230' OF DISPLACEMENT (MISSING SECTICN),

ANOTHER WAY OF STATING THIS INTERPRETATICN IS THAT THERE 1S A LOCAL STRUC-

TURAL "HIGH" ON THE DOWMN SIDE AND ADJACENT TO THé—FAULT IN THE VICINITY CF
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Pl=1 TO PM-2. THIS WOULD ALLOW THE EROSION OF MIDWAY CN THE "HIGH" AND STILL
ALLOW THE PRESERVATION OF THE REMAINDER OF THE MIDWAY AT PM-34, Pii-38 AND
Fri-3 AND 1M THE SUBSURFACE ON THE DOWN SIDE OF THE FAULT AND NORTH OF THE

ANTICLINE.

AN ANTICLINE IN SOUTH CENTRAL LAFB, PROBABLY ASSOCIATED WITH THE FAULTING,.
HAS PREVIOUSLY BEEN MAPPED USING SCANTY WATER WELL CONTROL. THIS ANTICLINE
TRENDS APPROXIMATELY PARALLEL TO FAULT ®"A" wWITH THE ANTICLINAL CREST NEAR

PM-16 TO PM~28., THERE IS AT LEAST 265' OF NORTHWEST DIP FROM THE-CRE&T TO-

WARD THE FAULT, THE NORMAL REGIONAL GULFWARD CI1P FCRMS THE SOUTHEAST FLANK
OF THE ANTICLINE, THIS DIP SHOULD BE TAKEN (NTO CONSIDERATIOM IN SPACING

THE CORE HOLES,

FAULT "8" IS SOUTH OF LAFB AND IS EVIDEMNCED BY NAVARRO PM-29 AND GLAUCONITIC
MiIDwAY PM-33 BEING AT THE SAME ELEVATION, ONE ON EACH SIDE OF THE SMALL CAN-

YOM., ADDITICNAL CONTROL 1S NECESSARY TO DETERMINE THE STRIKE.

IT 1S PROBABLE THAT ADDITIONAL SMALL FAULTS ON LAFB WiLL BE FOUND WITH THE

CORE HOLE DATA,

WEATHERING

A |

IN THE PREVIOUS PRELIMINARY NOTES ATTENTICN WAS CALLED TC WEATHERING OF THE

SHALES AND TO THE SCARCITY OF FORAMIMIFERA IN SOME OF THE SAMPLES. THESE

TWO ITEMS ARE PROBABLY RELATED, AT LEAST IN PART, BECAUSE SOMEAFIRM SHALE
SAMPLES STilLL HAVE MOLDS OF THE FCRAMS WHICH HAVE BEEN REMOVED BY SOLUTION,
THIS. INDICATES THAT THESE WERE D{SSOLVED OUT RELATIVELY NEAR THE SURFACZ
FOR A HEAVY OVERBURDEN WOULD PROBAéLY COLLAPSE THE PLASTIC CLAY INTO THE

SOLUTION CAVITIES,
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THE FAULTING AND FOLTING PROBABLY HAVE PRODUCED ABUNDANT FRACTURES WHIGCH
A_LLO\‘IED VATER TO CIRCULATE THRCUGH THE SHALES. THIS WATER COULD COME UP

THE FAULT PLAME FROM THE EDWARDS BECAUSE OF ARTESIAN PRESSURE, OR COULD ENTER
FROM LEON CREEK OR BE FROM RAINFALL. WHEN THE PERCOLATING WATER REACHED
GROUND WATER TABLE, INFLUENCED BY THE ELEVATION OF LEON CREEK AND MEDIO CREEK,
IT FLOWED OUTWARD CARRYING CALdnum CARBONATE AND POSSIBLY OTHER MINERALS

{N SOLUTICN. THE SHALE»ééwa GROUND WATER LEVEL POSSIBLY HAS FEWER FRAC-
TURES AND LIMITED CIRCULAT(?N:QE GROUND WATER AND HENCE HAS NOT BEEN sUaJccrcl

TO WEATHERING BY PERCOLATING GRCUND WATER.

THIS IS MAINLY SPECULATION AND AODITIONAL CORE HOLE DATA SHOULD BE CONSIDER~

ED BEFCRE VALID CONCLUSIONS CAN BE DRAWN,

THIS WEATHERING IS POSSIBLY RELATED TO THE FOUNDATION PROBLEM AND IS THE

REASON THIS 1S MENTICNED.

PORTER A. MONTGOMERY, JR.
MONTGOMERY'S STRATIGRAPHIC SERVICE

PAM P
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THE FOLLOWING NOTES ARE BRIEF COMMENTS ON THE SAMPLES., THIS IS ALSO PRE-

SENTED GRAPHICALLY ON THE ENCLOSED LOG STRIPS WHICH ARE PLOTTED ON THE SAQE
SCALE AS THE ELECTRIC LOGS OF THE CORE HOLE, 3" = 10'., THE LOG STRIPS WiILL
BE QORE CONVENIENT TO USE IN CORRELATIVE WORK THAN THE WRITTEN DESCRIPTIOM,
THE WRITER HAS SEEN YOUR CORE DESCRIPTION LOG OF 6UC-207 AND THIS LOOKS AD-

EQUATE TO TAKE CARE OF AMNY LITHOLOGIC NEEDS,
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' CORE HOLE 8BA6C-8 ~ ALL NAVARRO FORMATION
FIFTEEN SAMPLES, 21', 30.5', 41.9', 50.9', 56.7', 60', 69', 78', 87",
96.,8', 106', 115", 119,5', 124" AND 127' WERE EXAMINED., THE FIRST TO
THE LAST SAMPLES WERE FRCH THE MAVARRC.

SAMPLE AT 21!

]

A LIGHT GREY BUFF SILTY SLIGHTLY LIMONITE STAINED
BENTONITIC SHALE WITH A SMALL NAVARRO FAUNA

30.5' ~ SHALE IS WASHED OUT. SLIGHTLY LARGER FAUNA’

Y
'

41.9' - SAME AS FIRST SAMPLE WITH TRACE OF FISH BONES . '
SMALL NAVARRO FAUMA ’

50.9' - LITHOLOGY SAME AS FIRST SAMPLE. SMALL NAVARRO FAUNA

56,7' TO 57.5' - LITHCOLOGY IS SAME BUT CONTAINS ABUNDANT RED-
BROWN BRCKEMN ROUNDEC PCOLISHED FISH BCNES, TEETH,
PEBBLES AND A MODEST NAVARKO FAUNA.

THIS ZONE MIGHT BE CORRELATED IN THE FIELD OVER THE AREA FOR A SIMILAR
ZONE OCCURS IN CORE HCOLE BAG6C-268.

60.,1' = A SIMILAR LITHOLOGY TO THE FIRST SAMPLE BUT A VERY
MEAGER NAVARRO FAUNA

69.1' - AN UNWEATHERED GREY BEMTONITIC CLAY WITH ONLY A TRACE
OF FORAMS

78.3% - SAME

87.8' - A SIMILAR LITHOLOGY BUT HAS ABUNDANT SMALL BORED GREY
OYSTER SHELL FRAGMENTS AND A SMALL NAVARRO FAUNA. THIS
MIGHT BE A POINT ¥HICH CAN BE CORRELATED., |IT CONTAINS
THE FORAM GYROIDINA DEPRESSA, THE FIRST AND ONLY OC-
CURRENCE OF THE FOSSIL WHICH MAY POSSI8BLY BE USED TO
DISTINGUISH THIS OYSTER SHELL BED FRCM THE ONE OCCUR~
RINC AT 127.8'.

96.,7' = A GREY SILTY SHALE, VZIRY ABUNDANT FINE PYRITE AND A
TRACE OF FORAMS

106.1' - SAME

115! - SAME

116! ~ SAME

124! - GREY SHALEY SILTY WITH A SMALL NAVARRO FAUNA
127.8' - GREY SILTY SHALE WITH ongER SHELL FRAGHMENTS AND

MODEST NAVARRO .FAUNA

g I M N R W ipgE | E E 8
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CORE HCLE BA6C-268 =~ ALL NAVARRO FORMATION

NINE SAMPLES, 28', E3', 38', 43.3', 48,5', 54, 60', 65.5', AND TO.1°
WERE EXAMINED., THE FIRST SAMPLE WAS IN NAVARRO AND THE LAST SAMPLE HAD
A MEAGER FAUNA BUT PROBAZLY WAS STILL lil NAVARRT,

SAMPLE AT 28! - A LIGHT YELLOW GREY CLAY WITH FINE LIMONITE STAIN,
’ IT HES A SMALL NAVARRO FAUNA,

33! ~ AN INCREASE IN LIMONITE STAIN WiTH A SMALL AMOUNT
OF DARK GREY MATERIAL AS NOTED IN SAMPLE 38.1' IN -
CORE HOLE 6DC-262. |IT HAS A MEAGER FAUNA WITH ABUN~
- BANT. INSOLUSLE HAPLOPHRAGMOIDES, L

38! - SAM5,§5ALE WITH SMALL NAVARRO FAUNA
43,3' ~ SAME

43,5' ~ SAME -

54¢ ~ SAME WITH A FEW SMALL BCHNE FRAGMENTS

60* ~ SAME WITH ABUNDANT RCUNDED PCLISHED RED-BROWN BONE
FRAGMENTS AND MODEST NAVARRO FAUNA.

65.5' ~ A LIGHT YELLOW SHALE WITH ABUNCANT LIMONITE wiITH
TRACE NAVARRO FORAMS i

70.1' = BUFF SILT WITH LIMCONITE -TRACE OF FORAMS, PROBABLY

NAVARRO,.
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P CORE HOLE 60C-207 - MIDWAY WITH NAVARRO NEAR 8OTTOM

SEVEN SAMPLES, 085¢, 49t, 61¢, 71t, 80', 90! AND 120' WERE EXAMINED.
I THE FIRST SIX WERE FRCM THE M!IOWAY AND THE LAST SAMPLE AT 100' WAS IN
NAVARRO o

SAMPLE AT 35 - ABUNDANT GLAUCONITE wWITH CCPROLITES, FISH TEETH,
ROUNDED POLISHED BONE FRAGMENTS AND PESBLES AND A
NUMBER OF IMIDWAY SPECIES, BUT NOT ABUNDANT IN QUAN-
TITY.

491 ~ ABUNDANT GLAUCONITE WITH COPROLITES AND A LARGE .
NUMBER OF MICWAY FCRAMS, I

61' - A GLAUCOMITIC SAND LIGHTLY CEMENTED WITH FEW MIDWAY
FORAMS . S
71' = A GREY SHALEY SILT WITH FEW FCRAMS, PROSASLY MIDWAY,

80! - A GREY SHALEY SILT WITH GLAUCONITE, A FEW SMALL PYRITE
NODULES AND A FEW MIDWAY FORAMS, )

90" ~ A GREY CLAY VWITH GLAUCOMITE AND AN ABUNDANT MIDWAY
r FAUNA

'_ , 100"

A GREY SILTY SHALE WITH A‘SMALL NAVARRO FAUNA.

o
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CORE HOLE BABC-225 « ALL MIDWAY

Four samMPLES, 25', 50', 60' AND 65' WCRE EXAMINED, ALL FOUR SAMPLES
COHNTAINED A MEAGER FAUNA. .

SAMPLE AT 25! - A MEAGER FAUNA WITH THE RELATIVELY INSOLUBLE HAPLOPH=-
RAGMOICES AND AMMODISCUS AND IS ASSIGNED TO iIDWAY
BECAUSE OF STRATIGRAPHIC POSITICN,

A TRACE OF MIDWAY FAUNMA AND WEATHERED GLAUCONITE AND
INTERCGLAUCONITE MATRI X

HAPLOPHRAGMOIDES, LIMOMITE, WEATHERED, GLAUCCHITE,
INTERNAL PYRITE ALTERED TO LIMONITE MOLDS OF MINUTE
FOSSILS, '

STILL HAD A TRACE MIDWAY FAUNA. DEEP WEATHERING
POSSIELY WAS RESPONSIBLE FOR THE SCARCITY OF FOSSILS
AND WEATHERING OF THE GLAUCCNITE AND PYRITE TO LINMONITE.

IT 1S POSSIBLE THAT THE SAMPLE AT 25' ANO CERTAINLY THE REMAINING THREE
SAMPLES AT 50', 60' AND 65' WERE GLAUCONITIC AND POSSIBLY EQUIVALENT TO
THE GLAUCONITIC ZONE IN THE 6DC-207 CORE TEST AND SURFACE OUTCROP.
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CCRE HOLE 60C~262 ~ ALL MIDWAY

NINE SAMPLES, 22.5', 28.9', 33', 38.1', 45.1', 49, B3', €2' AND 68' VERE
EXAMINED. ALL YERE FROM THE MIDWAY. :

SAMPLE AT 22.5' ~ A BENTOMITIC CLAY WITH FINE LIGHT SPECKLED LIMONITE
STAINING AND NC FORAMINIFERA,

28.9' - A SIMILAR LITHOLOGY WITH A TRACE OF THE INSOLUBLE
HAPLOPHRAGMO ICES, : : i

33¢ - AN ABUNDANT LIMONITE, ABUNDANT HAPLOPHRAGMOIDES AND
A TRACE OF CHRYSALOGONIUM GRANTI, A MIDWAY FORAM.

38.1' ~ AN ABUNDANT LIMONITE AND DARK GREY MATERIAL OF SiIM=-
ILAR TEXTURE AND AN ABUNDANT MIDWAY FAUNA. :

45,1 - A LIMONITE AND BLACK MATERIAL AS NOTED ABOVE AND A
SMALLER [MIDWAY FAUNA.

491 - A LIMONITE AND HEMATITE WITH MIDWAY FAUNA.

53! -

A SMALL AMOUNT OF LIMCNITE AND HEMATITE WITH A MID-
WAY FAUNA, :

62! - A SMALL AMOUNT OF LIMONITE AND HEMATITE WITH A MI1D-
WAY FAUNA

681 - CHANGED FROM A LIGHT GREY, LIGHTLY LIMONITE STAINED
BENTCNITIC CLAY WITH BUFF FORAMINIFERA TO A GREY CLAY .
WITH GREY FORAMINIFERA WITH SMALL AMOUVT OF PYRITE
AND A SMALL MIDWAY FAUNA.

THERE 1S NO EVIDENCE THAT THE GLAUCOMITIC ZONE OF THE OUTCROPPING MIDWAY
WAS ENCOUNTERED, i
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SEISMIC SURVEY OF
WILFORD HALL HOSPITAL COMPLEX AREA
SAN ANTONIO, TEXAS

PURPOSE:

This survey was performed to assist in developing correlation between
existing borings in order to develop the subsurface structural geology of the
area. For drill hole location see Figure 1.

PROCEDURE:

This seismic survey was performed in two phases. The first phase con-
sisting of four profiles from southwest to northeast, These profiles were
performed with a geophone spacing of ten feet with a-distance of 100 feet betwee
shot points. These profiles are designated lines A, B, E, and D. See figure

2.

Phase twé of tne project was performed with a spacing of 50 ft, between
geophones and a distance of 500 ft, between shot points. These profiles con -
sist of lines S, T, U, V, W, X, Y, AA, and BB, -See Figure 3.

The energy for all shots was supplied by explosives, The 100 ft. spreads
"used a cap and a water works booster, For the spreads of 500 {t. a cap and
one-half 1b. 60% dynamite were used, All shots were placed 12 to 18 inches
below the surface and tamped.

RECORDS:

Records were made on direct print paper and later made permanent by
chemical processing. Time base on the records is 20 inches per second allo
ing timing accuracy of £ .5 m.s. There are 24 signal traces and one time
break trace on each record. Only 12 traces were used on some records be-
cause of the traffic in the area. Arrival times were determined and plotted
scale Iin.= 10 ft, andlin.= 10 milliseconds {MS) for spreads of 100 ft. and o
a scale of 100 ft, = 1 inch and 100 MS = 1 inch for 500 ft, spreads,

The records are of good technical quality; however, because of the ex
cessively high rate of attenuation of the energy in subsurface, the time bre
are not as sharp as might be desired. The records of the 100 ft. spreads
representative of near subsurface conditions, however the records of the
ft. spreads do not show the arrival of the energy through the subsurface b
the first 200 ft,

The arrival times marked on the records in most cases are for the
of the sound wave through the air,




2.

Figure 4 shows the representative rate of attenuation of the energy in
the subsurface. This attenuation is considerably greatér than is normally
experienced, even in areas of poorly consolidated materials,

DATA DETERMINED FROM INVESTIGATION:

The depths to the velocity horizons determined from the records of the
100 ft. spreads are listed in Table 1.

Since very few seismic arrivals could be determined for the longer
spread, no computation for _dgep_er horizons could be determined from the
records of the 500 ft. spreads, B

CONCLUSION:

The information determined by this survey is very limited. The un-
consolidated nature of the subsurface material results in a very low velocity
and produces a very high rate of attenuation of the seismic energy. From the
graph of attenuation shown in Figure 4 we see that at 10 ft, the seismogram
trace amplitude is only about ,4 inch and at 10 ft, the trace amplitude is only
. about ., 03 inch, In order to get seismic energy out to a distance of 500 ft. to
the geophone the explosive charges would have to be at least ten times as large,
or about five pounds of dynamite, Detonation of this size charge would cer-
tainly blow material from the hole for a considerably distance from the shot
and perhaps cause damage to buildings and automobiles in the vicinity, Dril-
ling deep shot holes would reduce the possibility of the holes blowing, but the
‘expense was not included in the original cost,

The mentioned procedures are commonly used to improve the record
quality; however, it is felt by the contractor that the records obtained through
the use of these measures might not provide much additional information '
because of the low velocity and lack of any large changes in velocity between
the various depths.
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illite) and chlorite occur along with other non-clay consti-
tuents (see tables of analyses)., The analyscs indicate the
composition of the Midway is relatively constant with‘approxi—
mately 70% Ca—montmorillonite.' The Midway, therefore, should
be a4severely troublesome substratum.to foot a pier. The Na-
varr§ contains considerably less montmorillonite (approximate~
ly 30% a maximum down to a trace).and, therefore, should be
less troublesome as a substratum to foot a pier.  The Midﬁay
is essentially a claystone (or shale) whereas the Navarro is

essentially a calcareous siltstone or fine sandstone.

One of the near surface samples contains gypsum which is

undoubtedly a caliche deposit (see Pier 2, #5).

. The orientation of the particles is generallyparallel to.

bedding planes but because of the high plasticity of the clay

can be (and is frequently) reoriented'by lateral slippage and

even by coring devices. The gummy nature of the Midway pre-

vents taking completely undisturbed cores. The Navarro,

in contrast, having a greater framework of quartz, feldspar

and calcite tends to retain bedding orientation more easily.

If additional information on these samples is needed,

fell free to call on me.

Arthur J. Ehlmann
Assoc. Prof. of Geology
Geology Department

Texas Christian Univexrs
Fort Worth, Texas 7612
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“@@*\'-sample No. Depth (ft) Mineralogy Estimated %
A of A 24 ‘Montmorillonite 70
Quartz ) 10
Mica 10
Chlorite 5
Feldspaxr 5



