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SW.'2'IARY 

Building fotmdation distress in the San Antonio area, including 
Lackland Air Force Base, has long been attributed 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 shovr that, while active siu'face soils 
can cause considerable distress to a structure, uplift forces against 
deep pier shafts and footings have also resulted in building distress. 

Lackland 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 grotcp. These strata have been severely faulted and are 
weathered. Jointed, and fractured to depths of 30 to Uo 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-montmorillonite, 
respectively. Based on laboratory and field tests, these shales appear 
to be moisture deficient, particularly 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. Ihe swelling" apparently occurs as these moistui'e deficient 
materials take on water from overlying gravel beds, the ground surface, 
or possibly from the concrete placed in the pier holes. It is believed 
that this problem can be overcome by designing pier footings for higher 
allowable bearing capacities and water proofing the walls of the pier 
holes. ' 

The recently conducted studies showed that the most suitable founda­
tion media at Lackland AFB have been the dense gravel stratum at the base 
of the overburden. No distress has occurred to any buildings founded on 
this material. Unfortiu^ately, 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 foundation clay shale strata caused or contributed to 
building distress at Lackland Air Force Base. 
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INTRODUCTION 

The San Antonio, Texas, region has long been considered a foundation 
problem 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 fo'ondation design for most structures utilizing drilled, under-
reamed, cast-in-place piers. Also, floor slabs are suspended and voids are' 
formed under grade beams. These measures Isolate the structures from the 
effects of these expansive soils. The Corps of Engineers has adopted the 
following criteria for projects within the Southwestern Division, includ­
ing the San Antonio area, vrhere expansive soils occur: 

1. Struct'jral 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 Vnan 90 percent modified density, wet of optimum. 

2. Voids are provided under all grade beams. 

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

steel. 
h . The pier shafts are reinforced vrith at least 0.75 percent 

5. In situ terrace gravel is used for the bearing stratum when 
sufficient thickness and continuity are fotind and when the water table is 
encoimtered at or below the top of gravel. Otherwise, the bearing stratum 
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 190'5 there was an accumulation of evidence of struc­
tural distress ranging from minor 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 walls and steel frame 
with insulated metal panel walls, and a multistory (conbination of one to 
thirteen stories) reinforced concrete frame structure igj-lth reinforced 
concrete walls, in each of these buildings the found.Btion design utilized 
the drilled, underreamed, cast-in-place reinforced concrete piers. Foot­
ings were bottomed at depths which varied from 30 to 67 feet below existing 



grade. 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 it became 
apparent that the buildings were experiencing progressive differential move­
ment with consequent structural distress. Further, the studies indicated 
that movement was occtarring as a result of forces generated by the primary-
strata acting on the cast-in-place reinforced concrete piers rather than as 8 
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 coniprehensive program 
of foundation investigations and geologic studies be made prior to,the 
initiation of foundation design for future construction at the base. Both 
the Air Force and the Corps of Engineers concurred that this information 
was essential to modify or to qualify design criteria then in current use 
and that the conclusions derived from the study, together vrith the informa­
tion developed from associated studies, shotild result in foundation design 
concept's vrhich would minimize distress to buildings and allow for the con­
struction of structurally safe, attractive, and functional facilities. 

PROJECT LOCATION 

The principal area investigated. Lackland Air Force Base, is located 
in west central Bexar County, approximately 9 miles southwest of dotrntovm 
San Antonio, as shown on plate 1. This is roughly a rectangular area encom­
passing approxiraately 1,000 acres. It is botinded on the north by U, S, 
Highvray 90, on the east by the Kelly Air Force Base, on the south by Dyer 
Road, and on the west by Interstate Highway UlO, Military Highway (Loop 
13) bisects the base in a northwest-southeast direction and is the major 
access artery. 

Lackland Air Force Base is referred to in this report as the Study 
Area. Within the scope of the study special etnphasis was directed toward 
the development of detailed subsurface geology and foundation conditions 
related to the proposed expansion of the V/ilford 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 a review of pertinent 
published and tmpublished reports in the files of the Corps of Engineers, 
U. S. Geological Sttrvey, San Antonio City Water Board, 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 Highvray Department (San Antonio 
District). No detailed geologic information could be obtained from the 
present operators of the Gas Ridge oil field which was discovered in I912 
and is located just south of - the Lackland Air Force Base. Literature con­
cerning this oil field states that oil is being produced out of thin sand 
lenses in the lower 30O 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 expost^res of formations knovm to underlie the study area, and strati­
graphic units were mapped that would be encountered in the exploration 
program. 

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. In addition, two geology reports, "Geology 
of Kelly-I^ckland Quadrangle, Bexar County, Texas," and "Lackland Air Force 
Base 2000 Acres Project," were prepared in 1952 by Mr. John Murchison. 
The ptirpose of these reports was to incorporate geologic data with founda­
tion design for future construction and to sitpplement the previous inves­
tigations with more detailed geologic information on a 2,000-acre site 
tmder 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 I 1 
large number of shallow overburden auger borings to obtain data for their ! I 
publication, "Soil Handbook for Soil Stirve'y - Metropolitan Area of San ! 
Antonio." Plate 6, has incorporated much of the data presented in this • 
handbook. , i 
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United States Geological Survey, Texas Board of V?ater 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 vrhen 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 expostires were found to be confined to the immediate 
vicinity of Leon Creek between Lackland and Kelly Air Force Eases, along 
Medio Creek on Medina Base, and in a few road cuts. Numerous bedrock 
exposures were sainpled for study and were mapped on existing topographic 
sheets. 

Micropaleontological Studies - Due to the similarity of outcrop 
materials observed and sanipled, and the lack of accurate information from 
the available literature, it was decided that micropaleontological studies 
were needed to define stratigraphic contacts accurately. Mr. Porter 
Montgomery of Montgomery Stratigraphic Services, 1511 Milam Building, San 
Antonio, Texas, was retained for these services. A copy of his study is 
included as Appendix B within this report. Surface saniples collected by 
the Corps of Engineers in cotnpany with Mr. Montgomery, together with a 
few samples he had previously collected, were identified and plotted. An 
understanding of the area geology obtained ft-om this surface work permitted 
the develppment of a detailed subsurface exploration program. Structural 
features, such as fault A-A on plate 7, vrhich 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 structttral geology 
of the area from review of available geological data, correlating results 
of stxrface 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 I966 using Fort 
Worth District, Corps of Engineers, forces, and equipment. This program 
consisted of drilling seventeen 3-l/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 ii00 feet to intercept the Navarro-Taylor 

•̂  contact. While this drilling program was in progress, representative 



santples from previously drilled core borings were examined and identified 
by Mr. Montgomery. In all, a total of it,ltO0 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 imder 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 k and 5 are tvro geologic sections developed 
from this information. The U, S, Geological Survey assisted in the log­
ging of these wells, using a logger capable of fvirnishing both the gamma 
log and the conventional electrical resistivity log. The gamita log was 
especially valuable in logging portions of wells in which casing had 
been installed. Logging eqtiipment was used cooperatively by the USGS 
and the Texas Water Development Board, with expenses shared equally by 
the two agencies. 

Resistivity and, in many cases, gamna-ray logs, were run in all bor­
ings drilled by the Corps of Engineers with excellent results. Being able 
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 structvires. 
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REGIONAL 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 I9OO feet above msl. The Balcones escarpment 
trends in a northeast-southwest direction across the northern part of 
Bexar County and shows an a'brupt 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 k2^ to about 
700 feet above msl and generally dip toward the southeast at a greater 
rate than those of the Edwards plateau region. 

Stratigraphy 

. Gravel beds, found immediately overlying primary strata in the lackland 
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. In 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 itp 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 k^ 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 
grotip. The Tertiary includes the Midway group. The Taylor, Navarro, and 
Midway groups coniprise the foundation rocks in the Study Area and are 



discussed in detail under succeeding paragraphs. The areal extent of 
these formations in Bexar County is sho^m on plate 2, and their seauence 
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 
stxrficially characterized by a prominent escarpment. The fault zone 
extends from McLennan County in central Texas to Kinney County in south­
west Texas. Interstate 35 follows a route more or less paralleling this 
feature from Austin to San Antonio. Faults contprising this system are 
generally steep angle, normal or gravity faults which are dovrnthrovra 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 vtp to I5OO 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 vras inevitable, and the 
prominent escarpment between the Edwards plateau and the Coastal Plain 
was developed. Fault trends and topographic expression of these features 
are shovm on plate 2, 

Structtxral geology featvires resulting from Balcones faulting are 
shown on plates k and 5« The location of these profiles which encompass 
the Study Area is shown on plate 2, The other structtoral anomaly, the 
Culebra anticline, is a broad, southvrest plunging anticline which 
extends from north central Bexar County into eastern Medina Coimty, 
The fold, 7 to 9 niiles wide, consists of a core of Austin chalk over­
lapped by beds of Taylor and Navarro age. Favilts border and terminate 
the flanks of this anticline. 

GEOLOGY OP THE STUDY AREA 

Physiography 

The area encotnpassing Lackland AFB 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, Leon Creek has incised its channel near the toe of a, 
fairly steep bluff. This has resulted in a topographic feature that 
exhibits approximately 8̂1- feet of relief. 
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stratigraphy 

The overburden materials at Lackland AEB 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 Cretaceous formations are 
also present throughput 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 impervious, whereas, at other localities, the clay is absent and 
they are ftee 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 being operated along Leon Creek, outside 
the military bases. 

Three geologic vinits 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 Midway 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 vtpthrown side of fault A-A beneath a thin mantle of the Navarro. 
The Taylor attains a maximum thickness of about 315 feet at Lackland AFB. 

The Navarro groirp is a sandy, silty clay shale and, in most cases, 
exhibits jointing, fracturing, and weathering features to a depth of 70 
to 80 feet below the grovind 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 Cotnplex area, and beneath almost 
all of Kelly AFB, The maximum thickness of the Navarro within the Study 
Area is approximately ^50 feet. 

The Midway group underlies the northern tvro-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 lovrer 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 Lower Midvray, approximately 8 feet above the 
Midway-Navrarro contact. This horizon appears fo be a good marker, as it 
has been identified 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 Jjover Midway within the 
Study Area show extensive jointing, fracturing, and weathering (oxidation) 
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to a depth of approximately 50 feet belovr natural ground surface. Maxi­
mum thickness of the combined Upper and Lower Midway at Lackland 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 north. 
As evidenced by the dip of the beds, it appears that Lackland 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. This structure is possibly associated with the Culebra anticline, 
discussed earlier. The geology at Lackland AEB 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 "J. Two of these faults, 
A-A and B-B, occur in the hospital area and are discussed in detail under 
"Structure of the Hospital Complex Area," The third fault, I-I, is 
located near the southern boundary of the base and strikes approximately 
east-west. The fault is downthrovm to the south and has a maximum dis­
placement of 180 feet at Military Highway, The displacement decreases 
toward the west, as shovm 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 dovmthrovm 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, vrere 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 shoves section A-A' along the western boundary 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 11, 

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, atterspts to obtain ground-water readings were 



unsuccessful. Without exception all of the borings "bridged over" gener­
ally near the top of the primary strata. In some cases it was necessary 
to re-enter and condition the borings before electric logs could be rvin. 
A perched water table is present throughout the Study Area, but no pattern 
cottld be developed. It appears 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 Hospital 
Cortiplex area and are discussed in detail under that portion of the report. 

GEOLOGY OF WILFORD HALL HOSPITAL COMPLEX AREA 

Location 

The Hospital Coniplex is located in the north-northeast corner of the 
Lackland reservation, as shown on plates 7 and 12, At present, the only 
buildings in the Coatplex are the multistory Wilford Hall Hospital, MacKô /n 
Dental Clinic, a medical laboratory, and the boiler plant. Future construc­
tion will include additions to the hospital and a number of permanent type 
medical sitpport buildings. 

-Pi'evious 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 tr.edical 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 "Lackland Air Force Base, Dental Clinic, Final Report," 
published by U. S. Army District, Fort v/orth. Corps of Engineers, 15 November 
1966. . 
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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-l/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 6DG-22 for mineralogical examination and testing. 
Satnples 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 fault 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 '4-,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 possible 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, 
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Topography 

The general topography around the Hospital Complex area is relatively 
flat and is interritpted only to the east and south vrhere surface drainage 
has eroded deep ravines through the overburden materials and into primary 
strata. These ravines drain tovrard 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 groups of the Cretaceous system and the Midway 
grotrp of the Tertiary system contprise the primary formations at the Hospital 
Coii5)lex. Tlie 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 U50 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 dovmthrown side of the major fault, B-B, which is located just 
south of the dental clinic. Plate 7 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 sanrples, using X-ray diffraction techniques, reveals 
the Midway to be. essentially a claystone (or shale) with approximately 70 
percent Ca-montraorillonite (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 

Foundation rocks in the subject area are intensely faulted and frac­
tured. Two major displacements have been delineated which bracket the 
Hospital Conrplex, One is located 1200 feet 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 
which strikes N50°E, and is downthrown to the southeast. Total displace­
ment appears to be about UOO 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 norinal fault, des­
ignated B-B, and is located 800 feet due south of V/ilford Hall hospital. 
It strikes N80°E and is downthrovm to the south, exhibiting a maximum 
throw 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 Highvray. V/ithin this area the fault brings the Navarro 
in contact with the Upper Midway on the downthrown side. A minor fault, 
C-C, striking N'4-5*'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 
major structural features are graphically depicted on plate I3, 

Ground Vfater 

The ground-v/ater table at Lackland 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-v/ater levels in the Upper 
Midway and Navarro strata which are independent of the perched water, have 
been investigated by installing 11 open tube well-point type piezometers 
in the general vicinity of the Hospital Complex. The depth of piezometer 
intake 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. Locations of the piezometers are shovm on 
plate 7» Subsurface profiles with ground-v?ater information are shown on 
plates 17 and I8, Generally, the perched water is encountered in drill 
holes at depths between 5 £Uid 15 feet belovr 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 knovm 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 belOj' 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 approxitnately 25 feet, there is a deficiency in water 
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pressure and this deficiency increases until, at some point below approxi­
mately JfO 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 

Santples of the overburden and primary formations were obtained for 
laboratory testing from selected borings drilled at Lackland AFB. The 
locations of borings from which sanrples v̂ ere taken are shown on plate 7« 
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; satnples of the 
primary strata were obtained by using a 6-inch core barrel. Sanrples were 
protected from disturbance and moisture changes by placing them in sealed 
containers during transfer to the testing laboratory. 

Identification Tests 

Liquid and plastic limits tests and hydrometer grain size analyses 
were conducted on sa-mples 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 Midvray. 

Even though the percent of colloidal sizes showed a relatively wide ^ 
range for the various materials, the activity index, as defined by Seed, 
lies generally between 1.5 and 2.0 for all the materials. Tliis indicates 
that the colloids are probably of the same general nvineral 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 I7, 

i» 

* Raised mtmerals refer to similarly numbered entries in the Bibliography 
at the end of the main report. 
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Moisture 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 shovm on plates 20 through 
23 for each of the materials investigated. The effective overburden 
pressure-depth correlation for Upper and Lov/er Midway and Navarro materials 
are shovm on plate 2U. 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, Cornpression, and Consolidation Tests 

Direct shear, confined and unconfined contpression, triaxial shear, 
and consolidation tests were conducted on specimens from each of the 
three primary formations. Results of strength tests 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 cotnpressive strength was 
taken to be the value of cr, - or_. This v/ould correspond to recommended 
test procedures for stiff, fissured clays. Correlation of compressive 
strengths with respect to depth is shovm on plate 25 for the three 
formations. 

Direct shear tests were conducted on sanrples of the Upper and Lower 
Midway and the Navarro, vrith tests conducted on pre-split specimens; that 
is, specimens vrith 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 shovm on plates 
26 through 28, It should be noted that these tests are subject to a 

'm great deal of interpretation. Settlement analyses for this report were 
I conducted using these test values with the only interpretation being that 

they represent results of tests conducted on highly overconsolidated clays, 

I 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 exflinsion pressures. I 

I 
I 
I 
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Bearing Capacities 

Bearing capacity with respect to shear strength and permissible 
settlement has been determined using typical values. In determining com­
parable allowable bearing capacities from data obtained in this study, 
certain assuniptions v/ere made: 

Depth of Footing - Thirty-five feet belovr ground surface. Tliis 
would place the footings some 20 feet into the primary formation. 

Size and Shape Footing - Circular bell having a Iv-foot diameter. 

Soil-Shaft Friction - No skin friction on shaft. This implies 
that the total 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
cedure accurately defined the compression index. 

.Using these assumptions, a comparative analysis of the allowable bearing 
capacities for the three formations is shovm below. 

: Allowable Bearing Capacity, TSF ~ 
Fornation ; ' 'Unconfined Compression ; Shear ; Settlement 

Upper Midv/ay 12 9 5 
Lower Midway 6 25 7 
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 
0.5 inch. The allowable bearing capacity with respect to strength includes 
an adequate factor of safety. 
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SUMMARY OF MINSRALOGICAL ANALYSES 

Lackland Air Force Base SatTples 

Representative saniples of the three primary strata (ijpper and Lower 
Midway and Navarro) and of the black, fat clay overburden were subjected 
to X-ray diffraction analysis. The principal minerals identified in the 
primary m.aterials vrere montmorillonite, mica (illite), chlorite, quartz, 
and feldspar. Montmorillonite, quartz, gypsum, and calcite were the 
principal minerals found in the overburden soils. Montmorillonite, illite, 
and chlorite are recognized as the primary clay-forming minei^als. 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. 

Definition of Clay and Montmorillonite 

The term clay as it is commonly used carries with it three itrtplica-
tions: (1) a naturally occurring material with plastic properties, (2) an 
essential conrposition of par-tides of very fine grain size (less than 2 
microns), and (3) an essential cotr̂ osition of crystalline fragtnents of 
minerals that are essentially hydrous alaminitm silicates or occasionally 
hydrous rtagnesium silicates. The term inrplies nothing regarding origin 
but is based on properties, texture, and coirrposition. 

. Montmorillonites are defined as a group of clay minerals having a 
definite structure. Their formulas may be divided by substitution in the 
general formula Alj|(Si0i| O.^Q),^(o}i)ipE^O vrith deficiencies in charge in the 
tetrahedral and octahedral positioris 'Balanced by the presence of cations, 
most com.monly Ca and Na, subject to ion exchange. They are characterized 
by swelling in vrater due to introduction of inter-layer v.'ater in the direc­
tion of the C-axis. 

properties of Hontraorill.onites 

The montmorillonite structures has layers consisting of one alurainam-
hydroxyl unit sandwiched between two (SIJ^OIQ)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-oxy(?;n bond v.'hich results 
in a vreak structtiral connection. A characteristic feature of montmorillonite 
is the high variable water content, v/hich is reflected in the basal spacing. 
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ranging from 9*6 Angstroms in a dehydrated material to 21.1)+ Angstrom.'? 
vrhen the mineral approaches vmter sat t i rat ion. Montmorillonite i s therefore 
said to have an e:-:panding l a t t i c e . 

9£-2l.4A+ nHzO 

c axis 

6 0 
4 Si 

dx .') 2 (OH) + 4 0 
' VVVV4AI 
•O' ci' ^ V <?' ŵ  2 (OH) + 4 0 

-b axis 

SchenKitic of Montmorillonite Structure 

Alu(Si!̂ Oio)2(OH)),r>'-̂ 20 

The characteristic svrelling of the primary strata at Lstckland AFB is due to 
their montmorillonite content. As shown by the mineralogical analysis, the 
clay saniples in their natural state had a basal spacing of 17«7A. and that 
of an air-dried sarrple was li!-.2A. This represents a volvtrae change of 25 per­
cent. This value of 25 percent volume change is a minimum, 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-raontmorillonite. The I'avarro con­
tains considerably less Ca-monttnorillonite, approximately 30 percent a maximum 
dov.Ti to a trace. 

Recognition of Expansive 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 variations in density, moisture 
content, and stress history. Skempton22 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 restilts 
of controlled laboratory e:-:periments, have more closely defined this value 
to be equal to the ratio Pl/(clay fraction - lOyi). Si<;-3r:̂ton'̂2 g^d others 
have identified "active" clays as those having an activity index greater 
than 1.25, and the higlier the number the more active the clay. 
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Tests conducted on materials fro.m Lackland .t̂ .FB indicate an activity 
index ranging from 1.5 to 3»5» It can therefore be concluded that, in 
general, the subsurface materials at Lackland AFB range from active, to 
very active. An exc-2ption to this vras found in niaterial from boring oD-
22 belovr a depth of 80 feet. Samples ob̂ tained fror.a this stratuja did not 
show any montEiorillonite. It is of interest that this material was also 
belovr the zone of jointing. Whether the jointing is due to the presence 
of taontmorillonite or the montinorillonite is a product of weathering or 
the occtvrrence is coincidental has not been resolved. Tne first possi­
bility is considered the more probable. The expansive properties of the 
clay minerals are cixrrently being investigated by both laboratory proced­
ures and field performance. The findings of these investigations v/ill be 
reported in "Building Foundations in E:cpansive Clays," to be published by 
the Fort Worth District. 

SUf-2.IARY OF CASE STUDI3S 

Scope 

Results of field investigations and engineering analysis of a detailed 
study of selected existing structtires in the Soutm/e stern part of San 
Antonio, Texas, are presented in this section. Structttres on both mili­
tary reservations and private property were included in the study. 

Purpose 

Tne piurpose of the case study was to examine buildings constructed 
at military installations and on adjacent private property to detertnine 
if a correlation could be made betv/een building distress and (a) the 
foundation material, (b) the foundation design, (c) the superstructure 
design., and (d) the building location. Buildings showing no distress 
vrere also examined to determine what, if any peculiarity in foundation 
material, foundation design, superstructtural design, or locality miglit 
offer clues for successful design, construction and service. 

Design Ass'jmptions 

Until recently, foundation and design engineers assttmed that .most of 
the fottndation problenis in the San Antonio- area vrere caused by svrelling 
clays. They used deep footings, structurally strpported floor slabs over 
void or crawl spaces, voids beneath grade be-?-r.as, and reinforcing steel 
in pier shafts to atterrrpt to overcome the effect of these svrelling soils. 
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Distress was still experienced in many buildings even vrhere these design 
feattvres v-rere included. l-.Hiere this occurred, the distress v/as attribtvted 
to differential settlem-ent of the fotmdation material beneath the sttpport-
ing pier footings. However, detailed stvrveys on at least tvro major btiild-
ings shovring distress, together with intervievrs vrith several prora.inent 
design engineers vrho have had vride experience in foujidation design in the 
Study Area, led to the conclusion that heaving rather than settlement may 
be the primary cause of building distress. Further, since many of the more 
recently constructed buildings have founcl.ations isolated from the svrelling 
surface soils, it must be concluded that the swelling or heaving is occurring 
within the deeper soil strata and primary clay shale foundation m.aterials. 
This reaction m^y be taking 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 s'xrvey 
areas are as follovrs: 

a. Lackland AFB - Northern half, Midvray group; southern half, 
Navarro group. 

b. Kelly AFB - Navarro group. 

c. Brooks AFB - Wilcox group. 

d. Shopping Center and Junior High School west of Lackland AFB -
Midway group. 

e. .Elementary schools north of Lackland AFB - Taylor marl. 

f. St. Mary's University - Taylor m^rl. 

Identification of the above geologic groups, with the exception of those 
at Lackland AFB, is based on infortaation derived from the Ee:ca.r Cdonty 
geologic map, A detailed geological investigation vrould be required at 
each site to positively identify the geologic forraa.tion in which the foot­
ings for each building were bottomed. The overburden material at each site 
is a higli plasticity clay (CH) . A chert and limestone gî avel is usually 
encountered immediately above the clay shale primary formation and varies 
in depth and thickness at each building site. 

Areas of Investigation . 

The areas selected for the case study survey include Lackland, Kelly, 
and Brooks Air Force Eases, commercial and public school buildings just 
north and west of Lackland Ai'S, and St. Mary's University campus, vrhich 
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is located approxiraately 5 air miles northeast of V.'ilford Hall Hospital, 
Lackland A'all. Locations of buildings exatiined at lackland AFB are shovrn 
on plate 29, those at Kelly AFB on plates 30 and 31, those at Brooks AFB 
on plate 32, and nonmilitary buildings examined are shown on plate 33-
Military base locations vrith respect to San Antonio are shov.m on plate 1. 
Tne building numbers shown on these plates refer to the building numbers 
on the Case Study Survey Data Sheets for each respective area. 

IS^P 

Lackland Air Force Ease - Most buildings at Lackland AFB are temporary, 
wood frame, asbestos shingle structttres constructed during the late 19̂ 1-0's 
and the early 1950's. These buildings can take a considerable amount of 
differential foundation movement without shovring signs of distress in the 
superstructure. The most recently constructed btiildings are rigid frame 
(steel) vrith masonry exterior vralls and plaster interior vralls. These 
structures show signs of distress vrith only a small amount of fo'ondation 
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. 

I 

Eight of the temporary buildings vrere examined, six of vrhich had 
drilled and underreamed pier fotxndations about 20 feet belovr grotuid surface 
in vreathered clay shales. Another had the sair.e type of footing landed in 
gravel about 6 feet below ground stu-face. The eighth building had a founda­
tion consisting of a turned dovrn edge slab on overburden. Swelling soil 
beneath the building on the turned dov.m edge slab had broken the slab and 
perimeter beams to such an extent that it resulted in distress to the 
building superstructure. The building foimded on drilled and underreamed 
footings on gravel shov/ed no signs of distress. Five of the six buildings 
on drilled and underreamed piers vrere founded on the Midway clay shales, 
the other on the Navarro clay shales. The building on the Navarro showed 
distress due to foundation movement, as did three of the five buildings 
on the Midway, All buildings with drilled and underreamed fotmdations had 
a design footing load of 3.0 KSF, 

Six buildings with rigid frame structure were examined, five of wliich 
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 shovrn no distress. The two buildings founded on Navrarro clay 
shales are the hospital and the dental clinic. The hospital is a multi­
story building with footings landed at depths from 50 to 67 feet below 
ground surface. Design footing loadings varied from 8.0 to I6.0 KSF. 
Footings for the single story dental clinic are 35 feet below gro'-ind sur­
face with a 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 v/as caused by sv/elling 
materials arottnd the pier shafts and/or beneath the footings, causing 
upward movement of the footings. 
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The middle one of three recruit training and housing buildings constructed 
in 1962 has shovrn distress. These buildings vrere of identical design with 
drilled and underreamed footings landed in the Midv.'ay clay shale at a depth 
of,30 feet below ground surface. Dtvring 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 v/as added. 

The other two rigid frame structures examined, both with footings landed 
in Midway clay shale about 35 feet belov/ ground surface, have footing design 
for about 6.0 KSF. One has shov/n distress vrhile the other has not. perti­
nent data sheets for all structures inspected at Lackland AFB are sho^m on 
pages 33 to ^̂7 . 

Kelly Air Force Base - For this report, Kelly A.FB has been divided into 
two areas: Main Kelly and the "2000 Area." Main Kelly includes all struc­
tttres located to the east of the main K-S runvray, and the "2000 Area" is a 
small area adjacent to Highvray 3.3 southeast of Lackland AFB and southwest 
of Main Kelly (see plates 30 and 3I). Buildings at Main Kelly and the "2000 
Area" are permanent structures vrhich vrere constructed between the early 
19̂ 1-0's to the early 1960's. ' 

Buildings examined at Main Kelly included six rigid frame structures, 
three of vrhich v.'ere founded on drilled and underreamed piers at depths of 
from 35 "to 57 feet belovr groiind surface in Navarro clay shales. Tne other 
three were fottnded in dense gravel on dug or drilled footings ranging from 
10 to 20 feet belovr ground surface. Allovrable-bearing pressttres on the 
clay shale ranged from U.O to 5«0 fCSF 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 Kelly AFB, six 
of which, were found to have experienced severe fottndation movement. The 
Chapel, v/hich does not reflect any foundation movement, is a vrood-frame 
structure founded on shallow continuous footings bottomed in gravel. 

The Conimunications Secttrity Services building is a thjcee-story struc-
tivre vrith a reinforced concrete frame and reinforced concrete block, 
plaster, or glazed tile construction. The foundation consists of drilled 
and txnderreamed piers bottomed in unweathered Navarro shale some 95 feet 
belovr the natural ground sttrface. The cravrl space beneath the first floor 
is approximately h feet in depth. The floor is thickened at pier locations 
to act as a pier cap, vrith the pier being connected directly to the cap 
with no intervening pedestal. Tne piers and exterior vralls do not show-
any signs of dis'tress but the floors shovr vrarping, and the interior par­
titions have nu;;i3rous cracks, indicating differential v-srtical tiiovement. 
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The mess hall iri a vrood frame structure vrith asbestos siding vralls 
founded on drilled and underreanted piers bottomed 32 feet below the ground 
surface. Although the vrood frame does not reflect any foundation movement, 
the ^rade beam is cracked, reflecting foundation movement, photograph 1, 
figure 2, shovrs one of the cracks resulting from this movement. , , . 

The othei' four buildings have rigid frame structures with concrete 
block walls and are founded on di'illed and underreamed piers bottomed in 
clay shale of the Navarro [̂roup approxitnately 35 feet below the grotmd sttr­
face. All the buildings are stipported over a crawl space. Each of these 
buildings has experienced severe fouridation movement. In one of the 
buildings approximately 75 percent of, the pedestals connecting the pier to 
the floor beams vrere fractured and have since been repaired. Numerous 
cracks b^ve appeared in the interior and exterior v/alls. Hxamirjition of 
the buildings showed tltat cracks v/hich vrere once repaired have reopened, 
indicating a continuing movement. Pertinent data sheets for all structtires 
inspected at Kelly AFB are shov.'n on pages ^9 to 62 . 

Brooks PSr Force Ease - Most of the buildings at Brooks AFB are per-
manent t'jp'e structures constructed in the late 1950's and 1960'3. Tlie 
school of Aero-Sx'ace Medicine occupies some ten nevrly constructed build­
ings in tha northv/est corner of the base. The perma.nsnt structtu'es are 
of both steel or concrete frame and load bearing vrall ccnstrtiction. The 
building foundations consist of drilled and underreamed piers bottomed in 
clay shales of the V/ilcox group. Depth of footings varies from "25 to 35 
feet below the natural ground surface and the footings are generally sized 
for an allowable bearing capacity of 5«0 KSF. 

Four permanent t;ype buildings were inspected and they have floor slabs 
v/hich are struct'jrally supported; three over a crawl space and one over 
6-inch cardboard carton forms. Buildings with floor slabs placed over a 
crawl space shov.'ed no distress. The building with the floor slab placed 
on carton forms ha:s suffered severe distress v/hich is reflected both in 
the floor slab and interior v/alls. The cause of this distress v/as deter­
mined to be uplift pressure from expansive overburden material. This 
material becatne v/et and .sv/elled beyond the limits of the 6-inch void formed 
by the carton fortns. Water lines v/ere placed beneath the structure in the 
expansive soil. Expansive forces broke or disjointed many of these vrater 
lines which accelerated and increased the swelling of the overbttrden material, 
A 3-foot deep by 3-foot v/ide trench was constructed beneath and in the center 
of the structtu'e to free the vrater lines. In addition, this trench probably 
acts as a semi-void area beneath the floor slab. No additior.al disturbance 
has been noted in the building since the trench v/as constructed and repairs 
made. Ct 

It is of interest that at least two of the buildings in the School of 
Aero-3paco Medicine are sittiated across two known faults. Fotmdation 
materials varied from one side of the fault to the other, and footing depth 
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and size were edjtisted to accommodate the change of r.iaterial. Tliese build­
ings have performed satisfactorily. Pertinent data sheets for all structures 
inspected at Brooks AFB are shown on pages 63 to 67. 

Commercial and Public School Buildings - Tne Valley-Hi Shopping Center, 
Sam Rayburn Junior High School, V.'estwood Terrace and Mary Hull Elementary 
Schools, John F. Kennedy High School, and several buildings on St. Mary's 
University campus vrere inspected. Locations of these buildings are shown 
on plate 33* The buildings are rigid frame (steel) vrith plaster interior 
walls and masonry exterior walls. Tlie buildings on St. Mary's campus vrere 
constructed in the late 1950's. The other buildings were constructed betv/een 
i960 and I96U. The building foundation designs are variable, some being 
drilled and underreamed piers and some a raft (mat) type foundatioi.. 

The Valley-Ki Shopping Center and Sam Raybturn High School are. located 
betv/een Loop ^10 and Lackland AFB. The shopping center is of concrete block 
type construction. The fotmdation is drilled and tmderrearaed piers bottomed 
35 feet below natural ground in shaly clay (Midv/ay fortaation) with the floor 
slab placed on a gravel fill. The school is steel frame masor-ry construc­
tion v/ith 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. Fotmdation movement has occurred at both buildings 
with resultant distress to the sttperstrtictures. photoe^aph 2, figure 2, 
and photograph 3, figure 3, shov/ topical distress e:-rperienced at the build­
ings. The distress occurred almost irtmediately after completion of con­
struction and v/as so severe that the interior architectural features of 
both buildings vrere revised to allow for fotmdation movement. 

T'.-ro elementary schools located just north of Highv.'ay 90 (see plate 33) 
were inspected and. found, to be in good condition. These buildings are steel 
frame with masop-ry walls and are fottnded on mat type slabs. The interior 
v/alls are masonry but carry no roof load. The slabs were placed on 2̂4- inches 
of caliche gpravel and heavily reinforced. At each steel colttmn, the beams 
are spread to act as a spot footing. This type foundation design has been 
very successful for one-story structijres vrith steel columns and girders. 

The John F. Kennedy High School, located just north of the entrance 
to Kelly AFB, is a tvro-story structure vrith full basement. The building 
has reinforced concrete columns and girders with masonry exterior walls and 
plaster interior walls. Foundation for the structure is pier and beam, 
with piers extending approximately 50 feet belovr natural gro'Jnd into unweath­
ered Navarro shale. The btiilding has very heavy coluTn load?, is in very 
good condition, and shows no evidience of foundation movemen-?. 
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Buildings on the campus of St. Mary's University were inspected to 
determine behavior of structtu'es founded on the Taylor group marls and clay 
shales. It vras obviotis from visual inspection that many of these btiildings 
have fotmdation problems but, due to the lack of construction and design 
data, only two are discussed. One of these build.ings, vised for classrooms, 
is a three-story reinforced concrete frame structure vrith plaster interior 
walls and masom'y exterior vails. The fotmdation is drilled and underreamed 
piers bottomed 35 feet below natural ground in shaly clay. The first floor 
slab is structurally supported over a crav/l space. Many large diagonal 
cracks are visible in all three stories of the interior walls. Typical dis­
tress cracks are shown on photographs 5 and 6, figure k, Ihis building 
has suffered severe distress from fotmdation movement. The other building, 
a men's dormitory, is also a three-story, reinforced concrete frame struc­
ture. The fotmdation for this building is the same as the classroom struc­
ture except th^t the top 25 feet of the pier shaft ha.s a 3-inch layer of 
pea gravel around it to act as a friction reducing medium. In addition, 
an underground drainage system vras installed cotnpletely around the perime­
ter of the building ext.ending fi'om the grotmd surface to the top of a 
naturally occurring gravel stratttm v/hich overlies the primary formation. 
Tlie purpose of the drainage system vras to intercept ground water which 
might otheî rise infiltrate the pea gravel surrcmding the piers and f'tnnel 
dovm the pier shaft to the base of the footings. Since the building shov/s 
signs of foundation movement, it does not appear that the special design 
incorporated in this building was entirely effective. Photograph h , figure 
3, shows distress to the building. Pertinent data sheets for all nonrailitary 
structures are sho^m on pages 69 to 76, 

Interviews vrith Engineers 

Several prominent engineers v/ere interviev/ed to determine vrhat 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 red.ucing material 
was not suitable to place around pier shafts. They felt that this created 
a funn.el for vrater to reach the base of the pier shafts. Tne engineers 
vrho were interviewed believed that the primary material has a moisture 
deficiency to the base of vreathering. 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 vret 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 vrould provide access of water to the zone of moisture deficiency. 

The current practice of most engineers is to extend the di'illed piers 
well into the tuv.-reathered shale-and to design against uplift by adding 
more reinforcing steel in the pier shafts. The û Dlift forces vrere assumed 
to be expansion forces from the overbtu'den soils and vreathered primary 
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strata. Sorr.e of the eit̂ ineers believed that the uplift forces were very 
lar'̂ e* therefore, the required ratio of reinforcing steel to concrete 
should be apprortimately 5 percent. ,3otne engineers place the pier shafts 
in cotrroression before the sttperstructure load is applied, the theory being 
that the pierc; in pre-compression can resist a certain amount of tensional 
force from tho material in which it is embedded before the pier itself is 
placed in tension. Construction of this type pier is very expensive. 

Other types of foundations have been considered by private engineers 
but are not used for variotis reasons. Driven friction pile foundations 
are not used due to 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. Raft or mat-t̂ /pe founriations are rarely used for large 
structures, priniarily because there is no siiTiple way to design them prop­
erly. Engineers v/ho use this type foundation rely chiefly on experience 
to deterr.iine size and depth of the finished mat. Raft-type fotmdations 
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 design is used on buildings in which architectural features allovr 
some movement. 

In stuuTiary, the ciu-rent practice is to keep pier shafts as small as 
practical, add 3 to 5 percent reinforcing steel in the shafts and extend 
the footings to a material that is believed to be moisture sufficient. 

Re.3ults of C-ase Study Survey 

Rased on the case studies, certain broad generalization.? cen be made 
with regard to btiilding distress in the Study Area. 

With reference to foundation materials, no distress vras foijmd in any 
buildings fotmded on dense gravel strata at any of the localities inves­
tigated. Foundation design on gravel strata included drilled piers, spot 
footings, and continuous footings, so it appears that the foundation 
mediu-'d proved satisfactory regardless of the foundation design. No build­
ing founded on the V.iilcox group clay shales at Brooks AFB or on the Navarro 
clay shales at Kelly AFB shovred any evidence of foundation distress. These 
formations appear to contain less montmorillonite than other clay shales 
investigeted in the Study Area. Building distress appeared to be most com­
mon in buildings founded on Navarro and Upper Midv/ay clay shales, both at 
Lackland APE ?,nd located inn-'ti-idiately adjacent to Lackland AF3. These 
strata were found to contain the highest p,ercei\tage of montmorillonite i 
No correlation could be made between distress and depth of footings in 
these for:riations. 
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Apparent ly t h e r e i s no t much c o r r e l a t i o n betv/een s t t pe r s t ruc tu re 
desiryt end d . i s t r e s s except t h a t d i s t r e s s v.-as l e s s app-areirt in '.-lood frame 
cor-tpcired to ri; ' i id frants strttcttii'e.T.. I t coulrl not be determined t l i a t 
s t t pe r s t ruc tu r e des ign had caused b u i l d i n g d i s t r e s s ; t'n-?refore i t vras 
acstuaed the d i s t r e s s vras caused by fotitid,ation moverfiatit. 

No evidence could be developed t h a t corre . la ted b t t i ld ing d i s t r e s s 
t o loc- i t l i ty . D i s t r e s s has occur red t o buildin.'-js i r r e g u l a r l y l oca t ed a t 
bo th L'J-ckland, and ICelly Air Force E a s e s . A l so , d i s t r e s s could not be 
c o r r e l a t e d vrith topography or s t r u c t u r a l geology fea t tvres , such as f a u l t 
or shear zones . 

F i n a l l y , c o r r e l a t i o n cotild not be ma.de betv/een foundat ion des ign 
and buildin-;^; fotmdation d i s t r e s s . D i s t r e s s vras ev iden t i n b u i l d i n g s 
founded bo th on shaD.low and deep d r i l l e d a n i underreamed p i e r s and on 
spot or cont inuous f o o t i n g s , , whi le o the r b u i l d i n g s vrith the same founda­
t i o n da.si.gns i n the same fotmdat ion media shovred no sign of d . i s t r e s s . 
I t vras found t h a t a l l b u i l d i n g s wi th s lab or grade c o n s t r u c t i o n evidenced 
some for-n of d i s t r e s s . 

CONCLUSIONS AND Rj2CO:<^3rn}ATIOII3 

1. Tne Study Area, and the Hospital Cori-plex in p a r t i c u l a r , are 
loca-tad in areas of s ignif icant fau l t ing . I t i s probable tha t n-ot a l l 
of the f au l t s or shear zones vrere foimd in the course of invest igat ions 
for t h i s study; hovrever, the most s ignif icant feattires are believed to 
have been located.. Stnaller f au l t s vrith minor displacements of from 5 to 
10 feet should be ant ic ipa ted vrithin areas betvre^n the major fault.s. 

2. Ho evidence vras uncovered to indicate active fault ing or nia.ss 
movement of ths foundation mater ials i s the cause of building foundation 
distres-r-. Ver t ical or hor izontal movements of stu-face features stich as 
concrete pav^erient, u t i l i t y poles , sewer and u t i l i t y lin-:3S, e t c . , giv'e 
ho evid.Tjnce to s-̂ ĵ roort t h i s p o s s i b i l i t y . Hovrever, fatilt and shear zones 
should 05 avoided for bui lding locat ions i f a t a l l poss ib le . Footings 
landed, i.n or throu£.h these zones can s e t t l e or ba d.istres-3ed because of 
the brok.^n nature of the foundation tn.aterials. Also, faul t snd shear 
zones may ftu'nish conduits or se-?page paths for vrater to rea-;h nsoistur.e 

\ def icient clay shales which moy swell and h-save appreciably when they 
\take on even a sr,iall amount of water. The montmorillonite content of 
these cl-ay shales coinpounds t h i s problem. 

3. Liglitly loaded buildings founded on p i e r s , s^-ot, or continuous 
lotin-s-T constructed on the act ive sttrface so i l s Iiave invariably shown 
•̂ ns of dis t re ,ss . These so i l s a lso have an adverse effact on v.'ater 
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lines and floor slabs; however, this problem can ba controlled to some 
extent by placing floor slabs over a crawl space and creating a void 
beneath the - grade bsanis .-

h , D^nse gravel strata which occur at some localities in the Study 
Area have been used, for pier footings vrlthou.t developing any sign of dis­
tress to the foundation piers, grade beams, or superstrticttu'es. Design 
loads on this material have been in the order of 5 to 10 KSF. Tnis 
niaterial is considered to be tho most desirable fotmdation meditur. in the 
Study Area. 

5. A zone of rather severe vreathering occurs in the primary Navarro 
and Upper and Lovrer Mid.v/ay clay shales beneath the overburden materials 
throughout the Study Area. This zone usually e:ctends to at least 30 feet 
and sonvntitaes as much as 60 to 70 feet below the grcind -sur.face. Clay 
shale.'i are very heavily stained, jointed, £',nd fi"acttu-ed in this zone. 
Drillin/; andi underreattiing piers in this raaterial is usually difficult and 
•frequently hazardous. Settlement can take place ben-','ath the footings, 
particularly v.'hen the clay shales are severely broken and .jointed. Con-

6. Beneath the severely vreathered. zone and above the u.nweather^d 
prinvary material is a 20 to ^0-foot thick zone of mildly vre-atb̂ red clay 
shale wliich is cii-̂ niicall;/ v/eathsred but not severely jointe-d an̂ d fractured. 
This is con.̂ i-derecc a reasonably good foundation rtatori-al if r:io-dcrate.ly 
loadted and protected from intrusion of v/ater, Tais raterietl is r̂ cn-t-
morillonitic and, can svrell significantly if allovred to take on raolsture. 

7 . Unweathered prir.iary clay shales capable of supporting rather heav;; 
l-'iad.s v,enerally occur 60 to 70 feet belovr ground sttrface. These rtaterials 
are u-sttally montmorillonitic, moisttire deficient, and can develop high 
swell pre3.stLres v,-hen free moist'jre is madi.e available to then. Generally 
speaking, it appears that building foundation problems have occtirr,ed in 
these n-aterials when footings in them were too li^rhtly loaded or v/}̂ en fre^; 
moist-ore was allowed to reach the footing area. 

o. Ksastires presently being taken to separate building fo'.md-̂ v'r.ions 
from the influence of shallovr svrelling sttrface soils have app.arently been 
>ticcessftil. T-Iowever, no suitable m-sasui'cs have been developed to separate 
'ier shafts and/or footing.^ from the influence of potentially active 
2eper soils and vreathered clay shales. • Friction redttclng media such as 
)?. gravel or vernictillte hjave been used for this purpose vrith little, suc-
3S. T'iicse materials can have an accverse eff̂ .'ct on foundation raterials 
that th.ey can provide a patli for .̂ r-urface v.'-ater to reach the footing 

i C» p >1 r t h u s cause rr.ove t r o u b l e than the ques t ionab le b-'.mefits d-erive vec. 
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from then. Ilore research neecis to be done in development of s. suitable, 
vrater ti,iht, friction reducing meditini to sep-ai'-at-s pier shafts from sur-
rotindltig soil -and vreathered. clay shale strata. 

9. Tests currently bein:3 conducted, on another research project by 
the Fort i-.'orth District indicate that, as has long been cufpected, build­
ing prob2bl2/ have not been sufficiently loaded to overcoci.3 the reaction 
of shallow poll and prirrtfiry natorlals on the pier shafts. In effect, 
piers have not been load.ed in end, bearing but rather have been sttpported 
by skin friction and therefore influenced by novement of these materials. 
Serious consideration shotild. be given to increasing footing loadings and 
decreasD-ng the size of pier footings. 

10. Every effort should be made to minimize environ-nenbal change 
in the foitndation meditun dui'ing construction. Sttrface v/ater and grotmd 
water from gravel strata at the base of overbtu'den .should be prevented, 
from entering pier holes either during or after construction. Considera­
tion should be given to spraying the di'illed and uxiderraatned pier holes 
vrith asphalt to minimize the amount of moisture change allovred. to take 
place in foundation materials during and following construction. 

11. Greater use should be made of mat type foundation for small, 
lightly loaded, single story structtires vrith the follovring featttres 
included in the mat design: 

a. Perimeter and interior beams should extend not less tha.n 
30 inches below grad.e. 

-b. Interior stiffeners should be spac-2d not m-ore than 15 
feet center to center. 

c. Intersection of perimeter and interior beams should be 
stiffened vrith extra reinforcing steel. 

d. Tne top 2lt- inches of stibgrade material should be removed 
and replaced with nonexpansive soil. 

e. Expansion joints should be placed on 25-foot centers in 
the vralls of the superstructures. 

12. Eased on results of the case history study, it does not appear 
that generalizations can be made for building foundation design criteria 
in a given area at a base or for an entire base except that buildings 
can be fotin-ded on the d.ense gravel strata on piers, sp-ot, or contintious 
footings. Each building foundation must be carefully investigated and 
dosij}̂ nsd, to assure successful per.forrance. Jn design of a btilld.ing 
superstrticttu'e, partictilarly tho.se constructed on dJ^illed and under-
res'.med piers, ev-3ry effort should be niad.a to design as nu.ch flexibility 
as practicable into the s-'perstructtu'e so as to minimize ddstress which 
ma;-- d.evelop fron foim-datlon movement. 

29 

http://tho.se


13. Geolo::lcal, soils, and mineralogical data pre.sented in this 
report should be constantly revised and updated, as n2V/ building founda­
tions ars inve.stl5ated, designed, and constru.cted. A better understand­
ing of clay mineralogy and the effect of even a s::iall change in tnoisttire 
content in founda.tlon materials t.oay aid̂  materially in building foundation 
design considerations. Quoted strength values for founciatlon niaterials 
presented under "Engineering Properties of Fotmdation Materials" are not 
proposed for use in foundation diesign for any particular building but 
are presented as values to be considered in future d.eslgn. Significantly, 
these values are considcorably higher than allo'-rable bearing pressures 
heretofore used for dtesign in the L-ackland AFB area. 

l̂i-. IjOboratory test data, geolo,i',y, mineralogy, ground v,-ater, and 
foundation moisture conditions are all factors vrhich must be considered 
in a.building foundation design. Tne design cannot be made based on data 
from only one of these factors. ']:'ne final design solution must be that 
one which achieves the greatest compatibility considering all of these 
factors. 

m 
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CASE STUDY SUilVEY 

1 . Ovrner: Lackland Ai r Force Base - Bui ld ing //3 

1 

f 
I 
I 

2, Type of Structure: VJood Frame vrith Asbestos Siding 

3. Location: Harmon Drive and Lowry Court 

k. Function of Sti-ucture: office and Mess Hall 

5, Dimensions: 100 x 300 feet - Two-story . 

6, Fotmdation 

a. First floor stipport:• Structivrally supported over crawl space. 

b. Structural support: prilled and underreamed piers bottomed 

20 feet belovr natural- ground. 

c. Supporting stratiora; Clay - Navarro formation 

d. Foundation design: 3000 psf 

e. Percent reinforcing steel: 0,3^ 

7,. Dates of construction: Early 1950 ^ 

8, Distress 

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

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 occurredo 

b. Causes: 

is not knovm. 

Foundation movement - v/hether upheaval or settlement 

c« When first noted.: Unknovrn 
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CASE STU13Y SURVEY 

1. O.rner: lackJ-and Air Force Base - Building #!{-

2. Type of Str^acture: Wood Frame vrith Asbestos Siding 

3, Location: Shaw Drive and Circle Drive 

k. Function of StrtictiU'e: Office, EC, and Cleaners 

5, Dimensions: 75 X 300 Feet - One-Story. 

6, Foundation 

a. First floor si.;qpport: Structurally supported over crawl space. 

b. Structural support: Di-illed and underreamed piers bottomed 

20 feet belovr natural ground. 

c. Supporting stra tarn: Clay - Midvray Forma^tion. 

d. Foundation design: 3000 psf 

Early 1950 

e. Percent reinforcing steel: 0.37̂  

7. - Dates of construction: 

8. Distress 

a. Description: None noted. 

b . Causes: N/A 

Co V/hen f i r s t noted: N/A 
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CASS STtJDY. SURVEY 

1, O.-rner: Lackland Air Force Ease - Building 7;̂  

2, Type of Structure: Uood frame vrith asbestos siding, 

3. Location: Circle and Shaw Drives 

k , Ftmction of Strticture: Classrooms ^ _ 

5, Dimensions: " T " shaped, 100 X 3OO feet, two-story. 

6, Foundation 

a, F3.rst f3.oor support: Stru.cturally supported over cravrl space. 

b. Structui'al support: Drilled and underreamed piers bottomed ,12 feet 

belovr nattural ground. 

c. Supporting stratum: Clay - Midv/ay Fon,iation. 

d. Foundation design: 3000 psf 

e. Percent reinforcing steel: 0 . 3 P 

7. Dates of construction: Early 1950. 

8, Distress 

a. Description: No vasible distress. Building being remodeled. 

Distress reported by occupants of building. 

. 

b. Causes: Foundation movement. 

Co V/hen first noted: Unl-̂ nov/n. 
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CASE STUDY .SLtlVEY 

I 

1, Ovrner: Lackland Air Force Base - Building jf6 

2. ''Ype o"'' Structure* Reinforced concrete frame with masonry vralls. 

3. Location: Ent Circle and Huglies Avenues 

k. Function of Structure: Chapel 

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

6, Foundation 

a. First floor si^port: Structurally supported 

b. Structural sttpport: Shallow spot footings bottomed 6 feet belov-r 

natural ground.* 

c . Supporting stratarn: 

d. Foundation design: 

Dense gravel 

1̂ ,000 psf 

e. Percent reinforcing steel: 1^ 

7. Dates of construction: I965 

8, Distress 

a. Description: None 

b. Causes: N/A • 

-

c. 
• 

When first noted: N/A 

*Contractor vras given option to machine drill or hand excavate spot footings. 
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1, ovrner,: 

CASE STUDY SURVEY 

Lackland Air Force Base - Building '-.p 

2. Type of Structure: Wood frame with a.sbestos v;alls. 

3. Location: Metze;er and Kingsly Drive 

h. Function of Stiticture; Classrooms (Femoyer Hall) 

5. Dimensions: "T" shaped, 100 X 200 X hOO feet - Tt-ro-story. 

6, Foundation 

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

b. Structural sttpport: Drilled and underreamed piers bottomed 

12 feet below natural ground. 

c. Supporting stra tarn: Clay - Midway Formation. 

d. Foundation design: 3000 psf 

e. Percent reinforcing steel: 0-3/̂  

7. Dates of construction: Early 1950. ^ 

8, Distress 

a. Description: 1-fe.jor cracks in grade beam and interior wall. 

b. Causes: Foundation movement 

When first noted: W/A 
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CASE STUDY'SURVEY 

1 , Ovrner: T,nckiapd A i r Force Base - Buildinf!: 33J 

2 . TJTpe of Stiriacture: S t e e l frame vrith concre te b lock vra l ls , 

3 . Loca t ion : Metzger and Lulte Drive 

U, Funct ion of StX'ucture: Squadron Headquarters 

5 , Dimensions: 30 X 90 f e e t - One-Stoi-y. -

6, Foundation 

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

b. Structural stiptsort: Drilled and underreamed piers bottomed 

36 feet belovr finished floor. 

c. Supporting stra tarn: Shaly clay - Midv-ray Foî niiation. 

d. Foundation design: 6OOO psf 

1963 

e. Percent reinforcing steel: 1^ 

7. Dates of construction: 

8, Distress 

a. Description: Many large cracks in concrete block v.̂ all. Distress 

worse in center of building. 

b. Causes: Foundation movement. 

Co VJhen first noted: One year after construction completed. 
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CASE STUDY SUH\^:Y 

1, O.rner: Lackland M r Force Base - Building ̂,,9. 

2, Type of Stri.icture: Steel frame with concrete block walls 

3, Location: Metzger and Louisiana Drives 

k. Function of Stmcture: Office (Headquarters Building) 

5, Dimensions: 30 X 110 feet - One-Story 

6, Fotmdation 

a. First floor support: Structurally supported over 6" cartons. 

b. Structural support; Drilled and tmderreamed piers bottomed 

35 feet belo\-r natural ground. 

c. Supporting stratum: Sltaly clay - Midway Foripation. 

d. Foundation design: 5500 psf 

T C ' 

e. Percent reinforcing steel: _3' '^ 

7.. Dates of construction: 196l 

8, Distress 
a. Description: ̂  ^""^ 

b . Causes: 

„ 

N/A 

Co When first-noted.: N/A 
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C A S E Ŝ rUDY SURVEY 

1 , Ov/ner: Lackland Ai r Force Ease - Bui ld ing y;̂ 10 
Combination s t e e l frame vr/metal pane l w a l l s and 

2 , Type of Str i j ic ture: re in ' forced concre te frame vr/masonry v ra l l s . 

3 , Loca t ion : Connal ly and Hughes S t r e e t s . 

k . Funct ion of S t r t i c t i t r e : Dorm (Recru i t Housing and Training)- See .no te* 

5, Dimensions: "Z" shaped, 170 x I50 x I70 f e e t - Three -S to ry . 

6, Fotmdation 

a. First floor stipport: structurally supported over crawl space. 

b. Structural support: prilled and underreamed piers bottomed 30 feet 

belovr natural ground. • 

c. Supporting strat'jm: Slialy clay - Midway Formation. 

d. Foundation design: 6OOO psf 

e. Percent reinforcing steel: i<p ^ 

7» • Dates of construction: 1962 

8. Distress 

a. Description: large cracks in interior and exterior vralls on 

south end of center btiilding. Cracks appear on all three floors and in 

stairv-ray and corridor. Tne tvro outer buildings have shovrn no appreciable 

distress. 

b. Causes: Foundation movement. 

Co' V/hen first noted: IQ61I-

*This coniplex consists of three buildings vrhich are identical except for 
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CASS STUDY SURVEY 

1 , 0,-rner: lack.land Ai r Force Rise - Bui ld ing -;'-ll 

2 . Tj'pe of Sti-ucture: V/ood frame vrith asbestos siding. 

3 . Location: Huj;-;hes and Truemper St ree ts 

h. Function of S t ruc ture : Personnel Office 

5, Dimensions: Varies — See Ijayout — 1-and 2-story. 

6. Foundation 

a. First floor stipport: Slab on grade 

b. Structural support: Ttvrned do\m edge slab 

c. Supporting stratum: Clay overburden 

d. Foundation design: 2000 psf 

e. Percent reinforcing steel: 2-3/I;" ^ bars top and bottom 

7. . Dates of construction: Early 1950 

8. Distress 

a. Description: 1-fe.ny vertical cracks in perimeter beams. Floor 

slab 

from 

broken at one corner. 

each other. Cracks in 

Different vrings 

interioi- vrall. 

of bui Iding have separated 

. 

b. Causes: Foundation movement. 

Co V/hen first-noted: Un],aiown. 

lih 



CASS ST'JDY SURVEY 

I 
I 

1, 

2, 

3. 

k. 

5. 

Owner: Lackland Air Force Base - Building 7/I2 

TJTpe of Structure: V/ood frame with asbestos siding. 

Location: Selfridge Drive and Randolph Lane 

Function of Stiaictujre: Classrooms (Academic Building) 

Dimensions: 100 X 210 feet - Ti-ro-Story. 

6, Foundation 

a. First floor s'opport: Stru.cturally supported over crawl space. 

b. Strtictural sttpport: Drilled and tmderreamed piers bottomed 

20 feet belov; natural-ground. 

c. Supporting stratum: Clay - Midway Formation ^ _̂̂  

d. Foundation design: 3^000 psf 

Early 1950 

e. Percent reinforcing steel: 0.3/̂  

7. D-ates of construction: 

8, Distress 

a. Description: None 

b. Causes: ^/A 

• © 

Co V/hen first noted; N/A 
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CASE STUDY SUl̂ VEY 

1, 

2. 

3. 

U. 

5. 

O'.rner; Lackland Air Force Base - Building 7,-13 

Type of Structure: V?ood frame vrith wood siding 

Location: Arizona and Gary Street 

Function of Structure: V/arehouse 

Dimensions: 100 X 1̂ 00 feet. 

6, Foundation 

a. First fi.oor s'jpport; Slab on fill with structurally supported dock. 

b. Structvu-al support; Drilled and ,vinderream.ed piers to top of gravel. 

c. Supporting stratum; Gravel. 

d. Foundation design: 3000 psf 

e. Percent reinforcing steel; o.5r̂  cC 

7. Dates of construction: Completed in 1951» 

8, Distress 

a. Description: None 

' 

b. Causes; N/A -

Co v/hen f i r s t noted N/A 
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CASS STUDY SUIWEY 

1, Ovrner; Lackland Air Force Base - Building i^.h 

2, 

3. 

k. 

5. 

Type of Structure: v/ood frame with asbestos siding 

Location; Foulois and Olmsted Streets 

I-unction of Structure; Mess Hall 

Dimensions; 75 x 250 feet - One story • ' 

6, Foundation 

a. First floor sttpport; structurally supported vrith basement on overburden. 

b,. Structural sttpport; prilled and underreamed piers bottomed 20 feet 

belov-r natural grotmd. 

c. Supporting stratum; Clay - Midv/ay formation 

d. Foundation design: 3,000 psf 

e. Percent reinforcing steel; 0,5̂ 3 

7, Dates of construction; Early I950 

8. 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. 

Co v/hen first noted.; Unknown 

h i 



PERTINENT DATA SHEETS 

KELLY AIR FORCE EASE BUILDnraS 
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1, Ov.'ner; 

CASS Ŝ rUDY SUP.VEY 

Kelly Air Force Base - Building #1 

2. Type of Striacture; Reinforced Concrete Frame vrith Concrete V/alls. 

3. Location: "2000 Area" Kelly 

k . Function of Sti-uctiore; Gommunications Security Building 

5. Dim.ensions: "H" Shaped - 2to x 20 x 300 x 70 feet, (See Plate 30) 

6, Fotmdation 

a. First floor support; Floor supported over 1̂ -foot crawl space. 

b. Structural strp-oort; Drilled and underreamed piers bottomed 

+ 

95- feet belovr natural grotmd surface. 

c. Supporting stratum: Unvreathered shale - Navarro formation 

d. Foundation design; Unlaiovrn - Estimated 10.0 KSF. 
H e. Percent reinforcing steel: 

7. Dates of construction: Circa 195l<-

8, Distress . 

a. Description: Interior vralls and partitions have long horizontal 

and diagonal cracks. Floor slabs appear to have been vrarped or tvristed. 

Some differential vertical movement noted at expansion joints. 

b. Causes; Not known - suspected uplift from pier shafts. 

Co When first noted; Soon after occupancy. 
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CASS STUDY SUIWEY 

1, a.-rner; Kelly Air Force Base - Building #2 

2, Tipe of StriJicture; Steel frame with concrete block wall. 

3. Location; 2000 Area, Kelly Air Force Base 

k. Function of Strticture: Cryptographic Building 

5, Dimensions; 200 x UOO feet - One Story 

6. Foundation 

a. F i r s t floor s'jtpport; Slab on grade (Floating Slab) 

b . Strticttu'al sttpport; Dri l led and underreamed p i e r s bottomed 

26 feet below natura l grotmd. 

c . Supporting stratum; S i l t y clay - Navarro fornution 

d. Foundation design; 3,500 psf • 

e . Percent re inforcing s t e e l ; 0.5^^ 

7. Dates of construct ion; Early 1950's 

8, Distress 

a. Description; Concrete block walls have many major cracks. 

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

Co V.'hen first noted; Unknown 
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CASE STUDY SURVEY 

1, O'̂ rner; Kelly Air Force Base - Building #3 

2. Type of Striacture; Wood frame with asbestos siding. 

3. Location; 2000 Area^ Kelly AFB - 3rd Street And Avenue "A' 

k. Function of Structure; Mess Hall 

5. Dimensions; 100 x 150 feet - Single story ; " 

6, Fo'ondation 

a. First floor support: structurally supported over cravrl space. 

b. Structivral strpport; prilled and underreamed piers bottomed 32 feet 

below natural ground. 

c. Supporting stratum; Clay shale - Navarro formation 

B d. Foundation design; 2,000 psf. Basement placed on 6" of gravel. 

e. Percent reinforcing steel: 0,7^ 

7. Dates of construction; Early 1950's, 

8, Distress 

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

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

cracked. 

. 

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

V 

Co V/hen first-noted; Unknown 
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CASE STUDY SURVEY 

'> 

1. Owner; Kelly Air Force Base - Btiilding #4. 

2, Type of Structure: Wood frame vrith wood siding. 

3, Location: 2000 Area Kelly - ̂ i-th Street and Avenue "B' 

k. Function of Stiticture; Chapel. 

5, Dim.ensions; 30 X 100 feet withT'.v'o 50 x 60 feet additions. 

6, Foundation 

a. First floor support; Structurally supported over crawl space-

b, Structural support; Continuous footings. . 

_^ 

I 

i 

i 

c. Supporting strat'ora; Gravel 

d. Foundation design; Uncertain-1500 psf estimated l8" below grade, 

e. Percent reinforcing steel; 

7. • Dates of construction: Early 1950's. 

8, Distress 

a. Description; ^^°^- _ ^ 

b. Causes; N/A -

• 

Co V/hen first noted; N/A 
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CASS STUDY SURVEY 

1, O/zner; Kelly Air Force Base - Building #5 

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

3, Location; 2000 Area, Kelly AFB - Avenue "B" and 3rd Street 

k . Function of Sti-ucture; Personnel Office 

I 

i 
I 
I 
I 
I 
i 

c. Supporting stratum; Sandy clay - Navarro formation 

n d. Foundation design: 5,(X)0 psf 

5, Dimensions: 100 x I50 feet - One Story 

6. Foundation 

a. First floor sttpport; structurally supported over crawl space. 

b, Stnictui'al support; Drilled piers bottomed 30 feet below natural 

ground. 

e. Percent reinforcing steel: 0.7^ 

7. Dates of construction: .1953 

8, Distress 

a. Description; Many large diagonal cracks in walls which have 

been repaired. Complete failure of 75^ of pedestals beneath floor slab, 

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

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

,\ 

Co V/hen first noted.; Failure of plinths noted first in April I965. 

Cracks in (@perstructure had occurred a considerable period of time 

before this was noted. 
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1, Ô .mer; 

CASS- STUDY SURVEY 

Kelly Air Force Base - Building =137) 

2, Type of Strij.cture: Reinforced concrete frame v-rith concrete block v.alls. 

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

U. Function of Structure: ̂  Airmen's Dormitory 

5, Dimensions; lt-0' X 225' - Three-Story. 

6, Foundation 

a. First floor sijpport; Structurally supported over h" carton voids. 

b. Structural stipport; Drilled and underreamed piers bottomed 30 feet 

belovr natural ground. • 

c. Supporting stratarn: 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. Fev? very minor cracks in conci'ete block vralls. 

\ 

b . Causes: N/A 

Co V/hen f i r s t noted: N/A 

55 



CASS STUDY SURVEY 

1, 0.-rner; Kelly Air Force Base - Building --îT 

2, Type of Stri.icture; Reinforced concrete frame vrith concrete block walls, 

3, Location; 2000 Area Kelly ' 

k . Function of Strticture: Ainnen's Dormitory 

5, Dimensions; Ij-O' X 225' - Three-Story. 

6, Foundation 

a. First floor s'jpport; Structurally supported over k" void. 

b,' Structural sttpport; Drilled and underreamed piers bottomed 30 feet 

belovr natural ground. 

c. Supporting stratarn; Sandy clay - Navarro Formation 

d. Found-ation design: 5000 psf ' 

e. Percent reinforcing steel: 0.7^ 

7, Dates of construction: 1953 

8. Distress 

a. Description; ifong. 

• 

b. Causes; N/A • 

• 

Co V/hen first noted; N/A 
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CASS- STUDY SURVEY 

1, O.rner; 
I'-O. Kelly Air Force Base - Building ifb 

2. Type of StiiJicture: Concrete frame with concrete vralls. 

3, Location: 100 feet east of Gilraore and Lombard Streets, 

k . Function of Strticture; Officers' Quarters and Mess Hall. 

5. Dimensions; "C" Shaped - 150' x 315' X 200' - Three Story. 

6, Foundation 

a. First floor s'jpport; Structui-ally supported over crawl space. 

b. Structural support; Drilled and underreamed piers bottomed 57 feet 

belovr natural grotmd. 

c. Supporting stratarn; Blue shale - Navarro Formation. 

d. Foundation desi"-n:, ^ A l̂ ut footings were relatively small for 
structural load. 

e. Percent reinforcing steel: 1^3 

7. Dates of construction; 

8, Distress 

- a . Descript ion: None 

19I1I 

b . Causes: N/A 

Co Vfnen f i r s t -no t ed ; N/A 
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CASS STUDY SUi'̂.VEY 

1. 0\mer; Kelly Air Force Base - Building #9 • 

2, Type of Stnacture; Steel frame with masonry walls 

3. Location; V/agner Drive and Andrevrs Road 

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

5. Dimensions; 200' X 200' - One-Stor̂ '-. ^ . 

6, . Foundation 

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

b. Strticttvral sttpport; Drilled and u.nderream,ed piers bottomed 10 feet 

belovr natural ground. • ; 

c. Supporting stratum: Dense gravel . 

d. Foundation design: 6000 psf 

e. Percent reinforcing steel; I'p 

7. . Dates of construction: 1966 

8. Distress 

a. Description: None 

b. Causes: N/A 

Co V/hen first noted; N/A 
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CASS STUDY SURVEY . 

1. Cnmer; Kelly Air Force Ease - Building -;/l0 

2. Type of Structure: Reinforced concrete frame vrith concrete block vralls 

3. Location; 6OO' N of Lackland Road and Nostrand Road 

k. Function of Structure: V/arehous{ 

5. Dimensions; kOO' X 17OO ' - One Story 

'6. Foundation 

a. First floor support; Slab on Grade. 

b. Structural support; Drilled and tmderreamed piers bottomed 

10 to 20 feet below natural ground. 

c. Supporting stratttm; Dense gravel. 

d. Foundation design; 10,000 psf 

e. Percent reinforcing steel: 

7. 

8. 

• Dates of construction; Early 1950's. 

Distress 

a. Description: None. Very good condition. 

b. Causes; N/A 

Co V/hen f i r s t no ted : N/A 
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1, Ovmer; Kelly Air Force Base - Building j r l l . 

2, Type of Strijcture; Steel frame with masonry walls 

3. Location; See plate 32. 

h . Function of Structure; Maintenance Shop. 

5, Dimensions: 72' X 175' - One Story. 

6. Foundation 

a. First floor sttpport; Structurally supported over 8" cardboard forms. 

b. Structural sttpport; Drilled and underreamed piers bottomed î-O feet 

below natural ground. ^ ' " 

c. Supporting stratum; Shaly clay - Navaz-ro Foimiation. — 

d. Foundation design: 5OOO psf 

e. Percent reinforcing steel; 

7. Dates of construction: Early 196O. 

8, Distress 

a. Description: None. 

] 
b. Causes; N/A 

Co V/hen f i r s t -no t ed ; N/A 
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CASS STUDY SURVEY 

1, Owner; Kelly Air Force Ease - Building #12. 

2. Type of Str-acture: Reinforced Concrete Frame with Concrete Block V/alls. 

3, Location; Jackson Road and East Apron. 

!+, Function of Structure; Office Building 

5, Dimensions; iiOO' X It-OO' - One-Story. 

6. Foundation 

a. First floor sttpport; Slab on Grade 

b. Structural sttpport; Drilled and underreamed piers bottomed 35' feet 

below natural ground.- • 

c. Supporting stratarn; Clay - Navarro Formation ^^ 

d. Foundation design; '!-,C00 psf. 

e. Percent reinforcing steel; ifs 

7. • Dates of construction; 1956 

8, Dis t ress 

a . Descript ion; None 

b , Catises; N/A 

Co V/hen f i r s t noted.; N/A 
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CASS S'KJDY SURVEY 

1 , Cn-rner; Kel ly Air Force Base - Bui ld ing #13. 

2 , Type of Str iact 'ore: Reinforced concre te frame vrith concre te block vral ls . 

3 , Loca t ion ; South of Ke l ly C-olf Course 

k . Funct ion of S t i -uc tu re ; Cgfice ( O r i g i n a l l y V7arehouse) 

5 . Dimensions; 1^00' X 1100' - One-Story 

6 . Foundation 

a. First floor S'jtpport; Slab on Fill , 

b. Structural stipport; Hand dug piers bottomed l6 feet be.low 

natural ground. 

c. Supporting stratum: 

d. Foundation design: 

e. Percent reinforcing steel: 

7. • Dates of construction: 19^1 

8, Distress 

a. Description; None 

Gravel. 

Not knovm. 

b. Causes; N/A 

Co V/hen first noted: N/A 
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PERTINELIT DATA SHEETS 

BROOKS AIR FORCE BASE BUILDINGS 



CASS STUDY SUI-VEY 

1, Ovrner; Brooks Air.Force Base - Building #1 

2. Type of Structure: Steel frame with masonry vrall 

3, Location: South of Military Drive and East of Aerospace Court 

k. Function of Structure: Dining Hall • 

100 X 100 feet. \ 5» Dimensions: 

\ 
\ 6. Foundation 

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

b. Structural support; Drilled and underreamed piers bottomed 

'32 feet. 



CASS STUDY SURVEY 

1, Ovrner; Brooks Air Force Base - Building f̂^ 

2, Type of Stritcture; Steel frame with masonry vralls. 

3, Location: 10th Street and Outer Circle 

k . . Function of Structure; Service Club 

5, Dimensions: "T" Shaped - 11̂ ^ X 133 feet. 

\ 6, Foundation 

a. First floor s'jpport; Structurally supported over crawl space 
•\ • , . 

\ b, Strtictural support; Drilled and underreamed piers bottomed 
\ 

25.0 feet below natural ground. 

\ 
\ c . Supporting stratarn; 

d. Foundation design: 

Brown shaly clay - Wilcox Formation 

5,000 psf . 

e. Percent reinforcing steel: Ifo 

7i Dates of construction; 

\ \ 
8,\ Distress 

\ 
\a, ^Description; 

1962 

None 

b , (Sauses; N/A 

\ \ 
V/hen fir^st noted; 

\ 

N/A 



CASE STUDY SURVEY 

1, O'.rner; Brooks Air Force Base - Building #3 

2, Type of Strijcture; Steel frame with metal siding 

\ 
3 . Location: l8 th S t ree t and V/estgate Road 

\ 

k. Function of Structure: Militaiy and Professional Training Facility. 

5. Dimensions; 

6, Fotmdation 

2l|-5 X l60 feet. 

(a) Classroom - Structurally supported over crav\'l 
a. First floor support: space; (b) Training Area - Slab on grade. 

b. Structural support; Drilled and underreamed piers bottomed 31.0 feet 

ibelovr natural ground. -

\ c. Supporting stratum; Shaly clay - Wilcox Formation. 

\ d. Foundation design: 5000 psf 

ê. Percent reinforcing steel: 1^ 

7\.. Dates of construction; 

\ 
8,\ Distress 

a, \Descrlption: None 

1964 

\ 

b . Causes: N/A 

file:///Descrlption


CASS STUDY SURVEY 

1, Ovrner; Brooks Air Force Base - Building =lfk-

2, Type of Str̂ jicture: Steel frame with masonry wall. 

3» Location: South of Military Drive and east of Aerospace Center. 

\ h . Function of Structure; Officers' Quarters 

\ 5» Dimensions; 90 x 291 feet - Three-story 

\ 6, Foundation 

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

\ b. Structural sttpport; Drilled and underreamed piers bottomed 30 feet 
\ 
below natural ground. 

•p. Si^porting stratum; Clay - Wilcox formation 

d. Foundation design: 5,000 psf 

e,\ Percent reinforcing steel; 
\ • , • • • 

7* \Dates of construction; 
\ -̂

8, Distress 

file:///Dates


PERTINENT? DATA SHEETS 

COl/MERCIAL AND PUBLIC SCHOOL BUILD IN3S 
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CASS STUDY SURVEY 

1, O-z/ner; San Antonio School District - Building #1 

2, Type of Strijcture; Concrete columns with masonry walls, 

3, Location: 0,8 mile 9,-1 of pier test site, lackland AFB 

k. Function of Structure; Sam Rayburn Junior High School 

5. Dim.ensions: ItOO' x t<00* with 150' x 150' center patio 

6. Foundation 

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

b. Strtictural sttpport; Drilled and underreamed piers bottomed 20r30* 

_ belovr finished floor grade, 

c. Supporting stratum; Clay shale - Midway formation 

d. Foundation design: U,000 psf 

\ e. Percent reinforcing steel; l<fo 

i 
\T». Dates of construction; 1962 

p. Distress 
i, 

\ a. Description; Utility lines broken, basement slab broken, concrete 
\ ' ~~~" 
\block wall cracked, grade beam raised 3", and hairline cracks in'floor 

' '1 ' 

i 
beams, 

m 

I 

V 

ib. Causes: Swelling of subsurface materials. Subgrade beneath structure 
\ 

ks now saturated with vrater, but no water was encountered during construction, 

V);hether the water is from natural sources 6r from broken water lines was not 
d'etermined, 

c''o V/hen first-noted; Several months after construction was completed. 
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CASS STUDY SURVEY 

1 , C.rner; Val ley H. Developing Cotnpany - Bui ld ing #2 

% 

I 

2. Type of Strijcture; Concrete columns with concrete block walls. 

3. Location: 0.8 mile g.7 of Pier Test Site, Lackland AFB 

k . Function of Strticture: Shopping Center 

5, Dimensions; Approximately 500* x 500' 

6. Foundation 

a. First floor sttpport; Slab on fill with piers supporting walls. 

b. Structural sttpport; Drilled and underreamed piers - 30 feef below 

natural ground̂ ^ 

c. Supporting stratum; Clay shale - Midway formation 

d. Foundation design; 4,(X)0 psf - Pea gravel around pier shafts, 

e. Percent reinforcing steel; l^ 

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, glass in doors and windows. 

and large mirror on wall broken due to foundation movement, 

' 

b. Causes: Uplift due to subsurface material. 

Co V/hen first-noted; Soon after construction was completed. 
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CASE STUDY SURVEY 

1. Ovrner; San Antonio School District - Building #3 

2, Type of Structure: Steel Frame and Masonry V/alls. 

3, Location; 73OO Remuda - 2 miles M-/ of Lackland Hospital 

k . Function of Structure; I-̂kry Hull Elementary School 

5. Dimensions: Approximately 300 X 3OO feet. 

6, Foundation 

a. First floor support; Slab on grade. 

b. Structural support; fet type slab - Exterior beams 30" deep. 

c. Supporting stratarn; Clay overburden underlain by Taylor Formation. 

d. Foundation design: 2000 psf - 2k" gravel beneath slab. 

e. Percent reinforcing steel; Heavily reinforced. 

,7. Dates of construction; 19o3 

8. Distress 

a. Description; ^̂ one 

b . Causes ; N/A 

m 

C o V/hen f i r s t no ted ; N/A 
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CASS STUDY SUIWEY 

1 , Ovrner; San Antonio School D i s t r i c t - Bui lding #ll-

2'. Type of S t r u c t u r e : S t e e l Frame vrith Masoni-y V/alls . 

3 , Loca t ion ; 76OO Bronco - I . 5 mi les Wvl of Lackland H o s p i t a l . 

k . Funct ion of S t r t i c t u r e : V/estwood Elementary School 

5, Dimensions: 200- X 200-feet with pat io in center . 

6. Foundation 

a. First floor stipport; Slab on grade 

b. Structural sttpport; I.fet type slab - Perimeter beam 30" deep. 

c. Supporting stratum; Clay overburden - Underlain by Taylor Formation. 

d. Foundation design: 2000 psf - 2k" gravel beneath slabs. ^^ 

e. Percent reinforcing steel; Heavily reinforced 

7, Dates of construction: I961 

8, Distress 

a. Description: Minor ciacking in brick wall. 

b. Causes; N/A 

Co V/hen f i r s t no ted ; N/A 
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CASS S'FJDY SURVEY 

1, Cr.-rner: San Antonio School District - Building 7̂5 

pi 

2 , Type of StriJicture; Concrete frame vrith concre te v ra l l s . 

3 , Loca t ion : (General McMullen Drive and Thompson Place , 3 A ' p i i l e N of 

k . Funct ion of S t r t i c t u r e : John F . Kennedy High School 
Kel ly main g a t e . 

5 . Dimensions; 307 x 2l!-0 foo t - Tvro S to ry Bui ld ing and has f u l l basement. 

6 , Fotmdation 

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

b. Structural support; Drilled and underreamed piers bottomed 56 feet 

belovr basement grade. ^ ^ 

c. Supporting stratum; Blue shale - Navarro Formation 

d. Foundation design; 20,000 psf vrith pea gravel around shaft 

e. Percent reinforcing steel; 

7, Dates of construction; 

8, Distress 

a. Description; '̂̂ ne 

l i 

1963 

b. 

Co 

Causes; 

V/hen first noted: 

N/A 

N/A 

• 

« 
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CASS STUDY SURVEY 

1, Ovrner; St. 1'fe.ry's University - Building 7r6 

2, Type of Striacture: Steel frame with masonry exterior and plaster interior 
vralls. 

3. Location: Main campus, St. fery's University, approximately 5 miles NE of 
' ' " '• '• Lackland Hospital. 

km Function of Stx-ticture; Classrooms (Science Building) 

5, Dimensions; 200 x 200-ieet - Tnree-Stpry .. 

6, Foundation 

a. First floor sijpport; Structurally supported over crav,'l space. 

b. Structural sttpport; Drilled and underreamed piers bottomed 35 feet 

belOTr natural ground. 

c. Supporting stratarn; Sandy clay - Taylor Fonaation. 

d. Foundation design; Unknovrn,but footing sizes vary from 3' - 8' diameter. 

e. Percent reinforcing steel: Varies - 2fo to 2.5^ .-

7. Dates of construction; 1950 

8. Distress 

a. Description; Many diagonal, vertical, and horizontal cracks_of 

,. m a.ior size in vralls of all three stories. This building is under major 

distress. 

b. Causes: Foundation movement - uplift. 

« 

Co V/hen f i r s t - n o t e d ; Unkno\-rn. 
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CASS STUDY SURVEY 

1 , Ov/ner: S t . Mary's U n i v e r s i t y - Bu i ld ing #7 

2. Type of Stn.icture: Steel frsxie with masonry ex ter ior and p las ter i n t e r i o r 
v;alls . 

3. Location: Main cam-Pus. St. Mayy's University. -

k . Function of Structure; Men's Dormitory. 

5. Dimensions: I|-g X 350 feet - Three-Story. _; , 

6, Foundation 

a. First floor s'lpport; Structurally supported over crav/l space. 

b. Structural sttpport; Drilled and underreamed piers bottomed 35' 

belô -r natural ground. - , • -

c. Supporting stra tarn; Sandy clay - Taylor Formation. ^ 

d. Foundation design;Unknown. Footing sizes vary from 3 to 7 feet diameter. 

e. Percent reinforcing steel; ^̂ a 

"J. - Dates of construction; 1953 

8, Distress 

a. Description; Cracks in interior plaster vralls of major size. 

b. Causes; Foundation movement - Uplift. 

Co V/hen first noted; Unknown 
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Table 1 
Strength Test 

Upper Midway Group 
Lackland Air Force Base 

Boring ; 
No. : 

Depth 
(Ft) 

• • 
• • 

Moisture : : Compression ; Direct Shear 
Content ; Density ; a 3 :<̂ 1 : 0 ; c,TSF 

&ASc-k6 17.1-21.9 27.9 

4o.9-f^U.9 28.If 

k3'3-k7.3 28.3 

8A6c-if7 32.7-37.6 29.3 

37.6-J12.O 28.0 

8A6c-ke iQ,0-22.6 27.2 

22.6-27.1 

kk.S-31-2 28.6 

95 

96 

97 

9k 

9h 

96 

96 

1.2 

2.0 

3.5 

2.5 11.7 11.0 0.9 
(10.2 0.9) 
( p r e - s p l i t ) 

7.9 

1.2 

1.7 

3.0 

5.5 

^̂ .3 

11.6 

8.6 0.9 
( 7.8 0.0) 
( pre-split) 
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Table 2 
Strength Test 

Lovrer Midway Group 
Lackland Air Force Base 

- J - - . i r i a x i a l ] Direct 
Boring ; Depth ; Moisture; :Conipression .Compression . Shear 

No. : (Ft) : Content : Density : cr 3 . c r i . (̂  . c , t s f ; 0 

6DC-22 k3.3-kk.2 23.9 100 

51.5-52.1^ 20,1 106 0,0 6.0 

c , t s f 

35.0 0.2 

6DC-39 9.0-11.0 31.2 89 0.6 1.6 

QA6c-kl 21^.9-25.8 2U.0 103 

30.6-31,6 18.5 116 

1.6 6.2 

2.0 10.5 

&A6d-k3 25.9-26.9 23.1 105 1.7 5.8 

I 6DC-k3 11.0-13.0 l6.l<- l l l f 0.3 3.6 

6DC-207 17.0-19.0 

19.0-21.0 

25,0-27.0 

27.0-29.0 

29.0-31.0 

31.0-33.0 

kk,Q-k^.7 

49.9-50.8 

54.4-55.3 

63.8-64.7 

77.5-78.4 

95.4-96.3 

29.7 

27.6 

25.9 

29.8 

33.1 

28.5 

24.8 

23.9 

24.5 

25.1 

48.1 

25.2 

96 

96 

99 

93 

91 

95 

95 

96 

101 

104 

74 

101 

0 .0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1.3 

1,2 

1.3 

2.3 

3.5 

3.4 

13.9 

14.8 

0.9 1.4 

4.0 1.5 

2.5 4.8 

m 

25.1 0.6 
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Table 2 (Contd) 
Strength Te.st 

• Lower J^dvray Group 
Lackland Air Force Base 

: : : : : Triaxial ; 
Boring ; Depth ; Moisture; ; Coinpression :Compression ; 
No. ; (Ft) ; Content ; Density;crt^ . cr ̂  ; 0 ; c,tsf: 

Direct 
Shear 

0 ; c,tsf 

8A6C-209 50.0-50.8 25.1 90 0.0 3.2 

6DC-211 28.4-29.3 31.4 90 

33.1-34.0 24.5 100 

O.O 1.1 

25.5 0.6 
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Table 3 
S t r eng th Tes t 
Navarro Group 

Lackland .Air Force Base 

Boring : 
No. ; 

8A6C-20 

8A6C-21 

6DC-22 

Depth : 
(Ft) : 

25.5-26.5 

36.0-36.8 

48.9-49.8 

59.6-60.6 

71.8-72.7 

86.8-87.6 

35.0-36.0 

71.2-72.2 

89.2-90.2 

k3.3-kk,2 

63.0-64.0 

75.0-76.0 

88.6-89.5 

Moisture 
Content 

21.2 

18.7 

18.5 

17.0 

20.3 

19.9 

20.2 

24.7 

16.8 

23.0 

16.7 

17.0 

14.3 

• • 
: Density ; 

107 

109 

110 

113 

111 

111 

109 

104 

115 

103 

114 

115 

118 

Compre 

=̂ 3 

1.5 

2.2 

2.9 

0.0 

4.3 

5.2 

2.1 

4.3 

0.0 

4.0 

5.3 

ssion 

: ^ 1 

11.1 

13.0 

7.4 

13.5 

17.4 

22.4 

11.3 

11.6 

11.7 

20.3 

13.2 

: Direct 

: 0 

35.0 

36.0 

She air 
c,T3F 

0.2 

0.4 

6DC-24 29.8-30.5 

44.7-45.7 

66.6-67.0 

83.7-84.6 

18.1 

15.8 

20.1 

17.5 

103 

113 

109 

111 

2.7 

4.0 

5.0 

19-7 

15.8 

%.k 

26.4 1.1 
(26.0 0.0) 
( pre-split ) 
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Table 3 (Contd) 
Strength Test 
Navarro Group 

Lackland Air Force Ease 

Boring 
No. 

8A6C-25 

6DC-39 

6DC-4O 

8A6.C-4I 

8A6C-43 

6DC-44 

6DC-45 

: Depth : 
: (Ft) ; 

27.0-28.0 

64.3-65.1 

85.7-86.7 

39.5-40.5 

64.7-65.7 

71.6-72.3 

23.0-24.0 

49.2-50.2 

49.2-50.2 

36.8-37.8 

25.1-26.1 

42.0-43.0 

24.7-25.5 

53.6-54.4 

60.7-61.7 

77.0-78.0 

Moisture 
Content 

19.0 

21.9 

16.5 

17.5 

15.0 

20.8 

16.5 

19.4 

16.7 

19.1 

22.3 

19.8 

26.1 

27.1 

26.0 

24.1 

• • 
: Density 

110 

105 

117 

111 

116 

108 

116 

110 

115 

110 

104 

109 

98 

98 

98 

103 

: Compi 
: ^ 3 

1.6 

3.9 

0.0 

2.6 

4.2 

4.7 

1.5 

3.2 

3.2 

2.4 

1.7 

2.7 

1.6 

3.5 

3.9 

5.0 

session : Direct Shear 
0-1 : 0 CTSF 

8.3 

10.3 

7.9 

19.1 

19.9 

13.6 

16.9 

12.3 

20.7 

12.2 

7.6 

9.6 

3.1 

10.6 

11,4 

14.9 

% 

I 
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BORING 8A6C-20 
NORTH SIDE OF WILFORD HALL HOSPITAL 

M\D\NM a NAVARRO FOUNDATION 

12.8' TO 23.8* 23.8 TO 35.5 
MID/NAV. 24.7 

35.5 TO 46.0 46.0 TO 56.9 

56.9 TO 67.5 675 TO 776 77.6' TO 88.6 (TD.) 

FIGURE 
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PHOTOGRAPH N O . I 

KELLY AIR FORCE BASE - "2000 ARE A' 
MESS HALL-BUILDING # 3 

VIEW WEST- HORIZONTAL AND DIAGONAL 
CRACK IN EAST GRADE BEAM AND 
BASEMENT WALL 

PHOTOGRAPH NO. 2 

V A L L E Y HI SHOPPING C E N T E R 

BUILDING # 2 
VIEW NORTH-CRACK IN CONCRETE 
BLOCK EXTERIOR W A L L -
SOUTHEAST CORNER 

EHRTH SetSNCE l A i . F I G U R E 
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PHOTOGRAPH NO 3 

SAM RAYBURN JR. HIGH SCHOOL 

BUILDING**. I 
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 

F I G U R E 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 



i 
i 
i 
i 
m 

PLATES 



< * > ^ 

f -

• v W S ^ » l &l>0 »tK* ib* t .O i | *v t6? te* *»0N 



% 

r̂ 
> 

o 
o 
% • 

r 

^ ^ ^ ^ ^ ^ S ^ ^ K ^ ' ^ ^ ^ ^ 

^^^B ^^^H 
m 
i • ̂ 

PS 

o 
o 
c 
z 
-1 
- < 

^^S 7 

T l 
<j(^ 

\ 

G u l f se r - ies Eocene 

, : • ! « • ; - : 

;-xw-;-

o 
' i ^ •'• 

C l o i b o r n e 

1 

o 
:; 
o 

^ o 
3 

S" 

g r o u p 

f 
^ 
M 

• 
1 
O 

1 

E 

CRETACEOUS TERTIARY 

Comonche series 

o aj 3 o 

3 n o 

» ^ -

c- w 
- >o. 
VI - -

' 3 

A 
— O-Tl 

Woshtio group 
. • \ - — -

o 

o 
3 

3" 
A (• 
O 

\ I •• o 
~ 3 

; 1 
• 

1 • 1 
; i 

n. 
a 

CRETACEOUS 



CONTOUR INTERVAL 
50 FEET 

LACKLAND AIR FORCE BASE 
SAN ANTONIO, TEXAS 

GEOLOGICAL AND FOUNDATION INVESTIGATION 
FINAL REPORT 

BEXAR COUNTY 
GEOLOGIC MAP 
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. iMB-r DI l o w i n g j i r ^ b o r * t r e used to r e p r e j e n 

the k i n d s of i-och or s u b s t r a t a a a t e r i a l encoun­

t e r e d below the )c>>l bor i r o n : 

R Hard r o c k , svch as H i w s t o n e . sandstone. 

c h « U , or o ther roclt hav ing a hardness 

r a t i n g of I . i v a o r e . M o h r ' i S c * l e . Boch 

is hard enough t o r e q u i r e jackhawiers or 

d y n a a i t e t o e i c a v a t e . 

C Gravel of s u f f i c i e n t s i i e or c o n c e n t r a t i o n 

t o ha«per e x c a v a t i o n o p e r a t i o n s ; u s u a l l y 

exceeds 2S percent of v o l u a e . 

CM Cha lk , a a r l . or c a l i c h e hav ing a hardness 

of 2 ,5 or l e s s . Hohr ' s ^ c a l e . Can be 

e i c a v a t e d w i t h d i t c h i n g equ ipMent . 

SH Shale or shaty c l a y s hav ing"* hardness o f 

2 . ^ or l e s s . Hohr ' s S c a l e . Can be 

e i c a v a t e d us ing e x c a v a t i n g equrpiaent. 

G'. G r a v e l l y c l a y hav ing approx i * a t e ly .12 t o 

2E percent g rave l by wolune. " . i l l haaper 

s a a l l e x c a v a t i n g e q u i a a e n t . 

SP Gravel p i t . 

A r a b i c nuaber f o l l o M t n g the above syabo ls 

i n d i c a t e s t o the nearest f o o t the depth t o 

bedrock or o the r " n o t - s o i l " a a t e r i a l s , such 

a t g rave I . lEiompla GC-5 - GrovaMy Cloy ol 3 f eeO 

The da ta presented on t h i s aap and the 

d e s c r i p t i o n s used were c o a p i l e d f r o a the 

" S o i l Handbooh f o r S o i l Survey of M e t r o p o l l t i a n 

« r e a , San A n t o n i o , Texas," as developed by the 

S o i l Conse rva t i on S e r v i c e . USDA, under a 

c o o p e r a t i v e agreement w i t h the c i t y of San 

An ton(« in coope ra t i on w i t h the Texas A g r i c u l ­

t u r a l f ; w e r i « e n t S t a t i o n and p u b l i s h e d in A p r i l 

Of )96<i. f o r a aore d e t a i l e d t r e a t a e n t of the 

s o i l ) da ta ahown on t h i s P l a t e , r e fe rence is 

•ade t o the Above p u b l i c a t i o n . 

SOIL LEGEND 

A p p r o x i a a t c l y •»« inches of s lowly peraeable c a l c a r t o v * c lays ovi 

r I y c l a y s , aar I , or c h a l k . P r o f i l e con ta ins less Ihan 7 oercen l i 

: o i ) D e s c r i p t i o n 

A p p r o x l a a t e l y 3 t o S fee t of c lay unde r l a i n by c layey a l l u v i u a . 

grades t o g r a v e l l y a l l u v i u a at about 6 t o U f e e t ; so lua con ta ins 

HOUSTOK BLACK G B A ¥ . ; L I Y CLAT 

S o i l Resc r i p t ion 

A g r a v e l l y c l a y having H t o IS percent g rave l in the upper h o r i n 

w i t h g r a v e l l y c l a y h o r i i o n s occur ing in soae p r o f i l e s between 2« t e ' 

i nches : c l a y extends t o S3 t o 9* inches over a a r l y c l a y s : g rave l var . 

f r o a 1/2 t o over i inches in d i a a e t e r . 

HOUSTOH CLAV 

S o i l D e s c r i p t i o n 

App ro j r i aa te l y 2 ! inches of s t o v l y peraeab i * ca lca reous c l a y s over 

' I s : less than 7 percent g rave l i n p r o f i l e . 

S o i l D e s c r i p t i o n 

Approx iaa te I y 2 r inches of s low ly peraeable ca lcaraa- i» c l a y s ever 

• a r l y c l a y s , c h a l k , or a a r l ; less than 7 percent g rave l if" p r o f i l e . 

I I imiprA CLATs 
S o i I O e t c r i p l i o n 

A p p r o s i a a t e l y îO t o SO inches of aodera te ly c ruab l y c lays grad ing 

t h i c k loaay a l l u v i a l s e d i a e n t s : rounded c a l c i u a carbonate conc re t i ons 

s o f t aasses occur below 33 inches: g rave l aay u n d e r l i e the s o i l at dei 

of S t o 12 f e e t . 

L:^^'^^:-'1 F I I O S U I T ClAT LOAM 

J o i l D e s c r i p t i o n 

Approx iaa te l .y 16 t o ^0 inchas of ca lcareous l i l t y c l a y Ioaa l o lo i 

w t r loaay a l U v i a l sad iaents p o s i t i o n e d on h igh b o t t o a above noraal 

f l o o d s t a g e : g rave l aay occvr below i fea t i n dep th ; S O M f r a v a l is 

• ^ M MACIETT-AUSTII COMPLEX 

S o i l O e a c r i a t i o n 

B racke t t • 12 t o 20 inches of c lay Ioaa, leaa , or s i l t y d a r leaa 

over c h e l a , a a r l . and so f t l i a e s l o n e . interbedded and aany f e a t t h i c k : 

soa* angular g r a v e l or f r agaen ts are coaaon on the sur face and tn the 

S O l M , 

A u s t i n - A p p r o . i a a l e l y 20 t o 1 ! inches of ca l ca reous , very c ruab l y 

s t i t y c l a y over a l t e r e d chalk «h ich usua l l y is so f t and th inbe4ded w i t h 

v e r t i c a l I t i i c h n e s i ; occas iona l hard s t r a t a occur w i t h i n W to 3 f e e t . 
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LEGEND 

ALLUVIUM DEPOSITS 

UPPER MIDWAY 

LOWER MIDWAY 

NAVARRO GROUP 

TAYLOR GROUP 

4 

FAULT 

INFERRED FAULT 

3" FISHTAIL BORING 

LACKLSND AIR » ' / *Ct BAbl 
SAH t m r ^ ^ j . » t / * s 

GEOLOGICAL AND FOUKDATION INVESTIGATION 
FINAL t..ry.^l 

ISOMETRIC FENCE DIAGRAM 

LACKLAND A,F,8. STUDY AREA 
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WILFORD HALL HOSPITAL 

SURVEYED LOCATION OF BORINGS 
AND HOLE DATA 

HOLE 
NUMBER 
3 F - 3 
3 F - I 6 
3 F - 17 
3F- le 
3F - 19 
8A6C-20 
8A6C- 21 
6 DC-22 
3F- 23 
6DC-24 
SASC-25 
3F- 26 
3F- 27 
3F- 26 
3F- 29 
3F- 30 
3F-3I 
3F-32 
3 F - 3 3 
3 F - 3 7 

X 

2.121.473 
2,121,217 
2,121,390 
2,121.688 
2,121.937 
2,120,842 
2,121,160 
2,421,396 
2,120,094 
2,120,345 
2,120,538 
2,120,908 
2,119,542 
2.M9.765 
2,120,058 
2,120,388 
2,119,036 
2.119,504 
2,119,812 
2.119.357 

Y 

569,278 
570,835 
570.271 
569,659 
569,121 
569 ,955 
569, 398 
568 ,825 
570,385 
569,665 
569,220 
568,527 
570,095 
569.457 
568.873 
568,283 
569,664 
568, 667 
568,027 
569 .270 

EL 
M. S, L. 
751,2 
713.5 
723,1 
735,5 
737,8 
737,0 
742,5 
743,6 
733,9 
750.8 
754,0 
749.6 
751,2 
757 3 
759,9 
760,2 
752,8 
761,7 
762,8 
758,8 

LEGEND 

IQALI ALLUVIUM DEPOSITS 

JTUMJ UPPER MIDWAY 

fTLMJ LOWER MIDWAY 

K I t ' l l NAVARRO GROUP 

f i ^ TAYLOR GROUP 

D o t u m , H o r l z o n t o l ' 
V e r t i c a l ' 

LAMBERT 
.I929_M,S.L, 

3F.I8 3" FISHTAIL BORING 
8A6C-25 e"AUGEH-6"C0RE BORING 

msicaiiB *in Fan« BASE 
- U N MaOMIO. T I I M 

GEOLOGICAL AND FOUNDATION INVESTIGATION 
RNAL REPORT 
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U. S . GEOLOGICAL S\f77mY 
AITD 

TEXAS \vATER DEVELOE-IEJIT BOARD 

Mr, A, G. Winslow, cMef of Projects, and Mr. C. R. Follett, Engineer, 

of ths Geolosical Sui'vey, and Mr. Richard C. Peclcham, Director of the 

C-roiind Vfater Division for the Texas Water Development Board, vere very 

helpful with their invaluable sus^estions and assistance during the course 

of this investigation. Their.cooperation in tnaking their D.o2ging unit 

available for this study facilitated development of information useful 

in checking subsuxface data vhich had been obtained froai other sources. 

Their services and equipment vere furni-shed 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 Appendix. -

DRILLniG CONTRACTORS 

The Kighv/ay Drilling Conrpany of Route 9̂  Bo:c 59<̂ A, San Antonio, 

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

drilled for this investigation, Th.is conrpany fiurnished a crane-mounted 

foundation auger rig and all the necessary supporting equipm-?nt to drill, 

case, and backfill a 30-inch x 100-foot auger boring. Mr. Dale v.'illianis 

supervised this operation. 
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CONSULTANTS 

Mr. Porter A. Ifontgoaery of Montgomery Stratigraphic Services was 

retained for micro-paleontological studies of the primary formation 

within the study aroa. 

Mr. Will R. Clack of Bedford, Texas, vas retained to perform a ' 

seismic survey of the Hospital Complex area. 

Dr. Arthur J. Ehlmann,.Associate professor of Geology, Texas 

Christian University, Fort \Torth, Texas, vas retained to perform 

mineralogical analyses on selected sanrples of the Midway and Navarro 

formations. 

Core laboratories. Incorporated, of Midland, Texas, vras retained 

to run a gam-ma log for correlation purposes on the core fromi boring 

8A6C-10. 
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DEPARTMENT OF THE ARMY 
FORT WORTH DISTRICT, CORPS OF ENGINEERS 

P. O. BOX 17300 
FORT WORTH, TEXAS 76102 

IN REPLY REFER TO 

S'.'.fpED-F 2 December I966 

Mr. Trigg T̂ -richell, District Chief 
U. -S. Geological Survey 
Federal Building 
300 East 8th Street 
Austin, Texas 7870I 

Dear Mr. Twichell: 

The Fort Worth District Corps of Engineers wishes to exp^'ess its 
appreciation for the assistance of the Gromid Water Division of the U. S. 
Geological Survey in logging water wells and exploratory borings for the 
Lackland Air Force Base Geological Investigation being performed by ovir -
District for the United States Air Force. This service was invaluable 
in determining the detailed subsurfa.ce conditions for the proposed area 
for the Wilford Hall Hospital Complex and resulted in obtaining structural 
informs.tior, useful to both agencies. 

Our special than^is go to Mr. A. G. Winslow, Chief of Projects, and 
Mr. c, R. Follett, Engineer, for their excellent cooperation and invaluable 
suggestions during this investigation. 

It is understood that the logging equipment in service by the U.S.G.S.-
is a cooperative miit with the Texas Water Development Board, with expenses 
shared equally by these two agencies. We would also .like to express ovx 
appreciation to the Texas Water Development Board and 5̂r. Richard C. Peckham, 
Director of the Ground Water Division, for their cooperation in this study. 

Sincerely yours. 

- -^L^ / . £->? r̂ r-î -v-

C. F. S^fSHSON 
chief, Engineering Division 

Copies furnished; 
See next page 
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Si-.?FED-? 
Mr. Trigg T̂ -/ichell 

2 December I966 

Copies fi-irnished: 
Mr. John J. Vandertulip 
Chief Engineer 
Texas Water Development Board 
Sara Houston State Office Building 
P. 0. Box I23S6 
Austin, Texas 787II 

Mr. Joe G. Moore, Jr. 
Executive Director . -
Texas v/ater Development Board 
Sam Houston State Office Building 
P. 0. Box 12386 
Austin, Texas 7871I 
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PALEOin.'OLOGICAL, STR/»-TIGRi\PHIC, MTD 
STRUCTuTAL NOTES ON LaCICL'̂ ND AIR 

FORCE M S S , a^N ANTONIO, TSX.4S 

FOR 

U. S . AKiMY EITGINESR DISTRICT, FORT WORTH, TEXAS 

BY 

PORTER A. MOĴ ITGOI-'ERY 
MONTGOl-SRY' S STRATIC-P.^PPIIC SERVICE 

1517 MIL,y-l BUILDING 
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P O R T E R M O N T G O i M E R y 

MONiGOMtftY's m m m m m 
MILAH BUILOKIG • / SAN ANTOIIIO. lEKAS 

MAY 23, 1966 
CA 3-SS8I 

m . WAYNE MCINTOSH 
UNITED STATES CORPS Of ENGlNEEf<S 
100 V/EST VICKERY 
FORT UfORTH, TEXAS 

DEAR lAR. HCINTOSH: 

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

FROM CORE HOLES ON LACKLAND AIR FORCE BASE ANO SURFACE V/ORK IN THE AREA, 

INCLUDED ARE A FEW EXTRA NOTES IM ADDITION TO THE REQUESTED PALEO V/ORK 

BECAUSE THEY HAVE A BEARING ON YOUR PROBLEM. 

VERY TRULY YOURS, 

7 

7 C..,37y,, 
\ , i f 

:73P .̂.̂ -i^-^-i 
PORTER A . MONTGOMERY 

PAM:BP 



PALEONTOLOGICAL, STRATIGRAPHIC AND STRUCTURAL NOTES 

ON LACKLAND AIR FORCE BASE 

SAN AN TON 10, TEXAS 

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

BY PORTER MONTGOMERY 
MONTGOMERY'S STRATIGRAPHIC SERVICE 
1517 Ml LAM BUILDING 
SAN ANTONIO, TEXAS 
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PURPOSE OF REPORT 

THE PURPOSE OF COLLECTING GEOLOGIC SAMPLES FROM SURFACE OUTCROPS AND CORE 

HOLES AND STUDYING THE FOSSIL FORAMINIFERA WAS TO IDENTIFY THE GEOLOGIC 

FORMATIONS AND TO SEE IF THESE COULD BE ZONED IN DETAIL, THE GEOLOGIC 

INFORMATION GAINED IS TO BE -U.SED WITH THE CORE DRILL PROGRAM SET UP TO 

STUDY FOUNDATION PROBLEMS ON LACKLAND AIR FORCE BASE. 

Two GEOLOGIC FORMATIONS, THE MIDV/AY AND THE NAVARRO, HAVE BEEN PENETRATED 

WITH THE FIVE CORE HOLES EXAMINED. THICKNESS ESTIMATES OF THE GEOLOGIC 

SECTIONS PENETRATED ARE 129' OF MIDWAY AND 107' OF NAVARRO. THIS IS NOT 

THE COMPLETE THICKNESS OF EITHER FORMATION IN THIS AREA. A WATER V/ELL 

IN THE AREA ALLOWS AN ESTIMATE OF 465' OF THE NAVARRO FORMATION. NO AD­

DITIONAL NEARBY MIDWAY DATA V/AS EXAMINED, 

THE MIDV/AY FORMATION WAS PRESENT IN THREE CORE HOLES. THE UPPER 68' OF 

THE FORMATION V/AS NON-GLA UCON ITI C, FURTHER ZONATION OF THIS PART OF THE 

MIDWAY DOES NOT SEEM TO BE POSSIBLE ON THE LIMITED DATA AT THIS TIME. 

THE FORMATION IS VERY GLAUCONITIC IN THE LOV.'ER 61'. AT LEAST A PART OF 

THIS LOWER SECTION IS EXPOSED AT THE SURFACE ANO A VISUAL EXAMINATION 

INDICATES A POSSIBILITY OF ZONING BASED ON LITHOLOGY AND PROBABLY FOR-, 

AMINIFERA. YOUR LOG ON 6UC-207 IS NOT FAR FROM THE OUTCROP AND SHOWS 

THE VARIATION IN LITHOLOGIES IN THE GLAUCONITIC ZONE FROM 35.7' TO 95.5'. 
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IF OTHER CORE HOLES ARE AVAILABLE IN THIS INTERVAL, LITHOLOGIC CORRELA­

TIONS SHOULD BE ATTEMPTED TO SEE" IF THE BEDS ARE EXTENSIVE OR VERY LOCAL. 

THE liAVARRO FORMATION WAS EXAMINED IN TWO CORE HOLES. A ZONE OF SHALE 

CONTAINING ABUNDANT FORAMINIFERA AND REC-EROWN ROUNDED POLISHED FISH BONES 

AND PEBBLES OCCURS IN BOTH WELLS, iT IS LIKELY THAT THESE TWO OCCURRENCES 

ARE THE SAME GEOLOGIC ZONE, AND IF SO CAN BE USED FOR COf^RELATION IN THE 

FIELO BECAUSE THE ZONE CAN BE PICKED ON CLOSE VISUAL EXAMINATION. IN THE 

DEEPER TEST, TWO ADDITIONAL ZONES OF SMALL WATER-WORN OYSTER SHELLS, 30' 

AND 70' BELOW THE FISH BONE BED, MIGHT EE SECONDARY CORRELATIVE ZONES. 

VISUALLY THEY APPEAR THE SAME, BUT THE UPPER ZONE CONTAINED A FORAMINIFERA, 

GYROIDINA DEPRESSA, NOT SEEN IN THE LOl.ER BED. 

THE LIMITED NUMBER OF FORAMINIFERA, PROBABLY BECAUSE OF WEATHERING, THROUGH 

MOST OF THE SECTION EXAMINED TO DATE AND LONG RANGING FORAMS MAKES A DETAILED 

FORAMINIFERAL ZONATION DIFFICULT AND SUBJECT TO QUESTION. HOV.'EVER, NO DIF­

FICULTY WAS EXPERIENCED IN DISTINGUISHING THE NAVARRO FAUNA FROM THE MIDWAY 

FORAMS EXCEPT FOR ONE INSOLUBLE FORAM OCCURRING IN BOTH FORMATIONS. 

THE SAMPLE EXAMINATION ALSO SHOWED THAT SOME OF THE SEDIMENTS WERE WEATHER­

ED AND SOME WERE NOT. THIS WEATHERING IS POSSIBLY CAUSED BY WATER PERCOLAT­

ING THROUGH FRACTURES DUE TO FAULTING AND FOLDING. THE DEPTH OF WEATHERING 

MAY BE RELATED TO ELEVATION OF SURFACE DRAINAGE CN LEON AND MEDIO CREEK. 

THIS WEATHERING MAY BE A FACTOR IN THE FOUNDATION PROBLEM. 

STRUCTURE WAS NOT STUDIED IN DETAIL BUT A DOWN-TO-COAST FAULT (SEE ENCLO­

SURE ,V'2) WITH AT LEAST 230' OF THROW (MISSING SECTION) AND TRENDING NORTH 
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60 DEGREES EAST IS PRESENT ALONG THE NORTH EDGE OF LACKLAND AlR FORCE 

BASE, AN ANTICLINE WITH APPROXIMATELY 265' OF NORTHWEST DIP TRENDS THROUGH 

SOUTH CENTRAL LAFB APPROXIMATELY PARALLEL WITH THE FAULT. THE AMOUNT 

OF DIP SHOULD BE CONSIDERED IN SPACING CORE HOLE LOCATIONS SO THAT THE 

LOGS MAY BE CORRELATED. 

V/ORK METHODS 

THE INITIAL SAMPLES, AT APPROXIMATELY FIVE FOOT INTERVALS, WERE SELECTED 

FROM CORES OF TEST HOLES 8A6C-263 AND 60C-262 STORED AT LAFB. THESE CORE 

CHIPS WERE PROCESSED TO FREE THE FORAMINIFERA FROM THE MATRIX AND A SEPARATE 

MICRO-PALEONTOLOGICAL SLIDE OF EACH INTERVAL WAS MADE TO DETERMINE IF THE 

GEOLOGIC SECTION COULD BE ZONED IN ANY DETAIL. MOST OF THE SAMPLES CONTAIN­

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

INSOLUBLE FORMS WERE PRESENT. 

THE FORMATION IDENTIFICATIONS, BASED ON THE FORAMS, WERE MADE AND MR. ROBERT 

BEHM WAS NOTIFIED BY TELEPHONE. 

LATER SAMPLES FROM THREE MORE CORE HOLES, V/HICH HAD BEEN STORED AT CANYON 

DAM, WERE BROUGHT IN BY MR. BEHM AND THESE WERE PROCESSED IN THE SAME MAN­

NER. THE CORES ON 8A6C-8 WERE VISUALLY EXAMINED A SECOND TIME AT LAFB TO 

DETERMINE IF THE FISH BONE BED FOUND IN CORE HOLE 8A6C-258 HAD BEEN MISSED 

ON 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 CONFIRM­

ED THE PRESENCE OF THIS BONE BED. IT WAS THIN ENOUGH TO BE MISSED AT THE 

FIVE FOOT SAMPLE INTERVAL. 

A SURFACE COLLECTION V/AS MADE ON LAFB ALONG LEON CREEK BY MR. BEHM AND MY-
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SELF. LATER MR. BEHM AND I EXTENDED THE SURFACE GEOLOGICAL WORK TO CLARIFY 

STRUCTURAL AND GEOLOGIC RELATIONSHIPS TO THE NORTH AND SOUTH ALONG LEON CREEK 

AND ON MEDIO CREEK ON MEDINA BASE. A SMALL AMOUNT OF MATERIAL, PREVIOUSLY 

COLLECTED BY ME IN THE AREA AND SOME PREVIOUS SUBSURFACE V/ORK, FURNISHED 

6l \f 

BACK^ROUMG^ INFORMATION. THESE LOCATIONS ARE NUMBERED AND ARE PREFIXEO WITH 

THE LETTERS "PM" ON THE TWO MAPS TO DISTINGUISH THEM FROM THE CORE HOLES ON 

LAFB. . 

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

FOUND IN CORE HOLES AT LAFB. 

SURFACE GEOLOGY 

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

NORMAL SOUTHEAST REGIONAL DIP, 

IN THIS AREA, THE SURFACE GEOLOGICAL FORMATIONS FROM THE LOWER-MOST UPV/ARD 

ARE TAYLOR SHALE, NAVARRO SHALE, MIDWAY SHALE AND QUATERNARY GRAVELS ANO 

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

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

PLOTTED ON ENCLOSURE ,4̂'l AND />2 AND COMIMENTS ON EACH ARE MADE AT APPROPRIATE 

PLACES IN THIS "REPORT. 

TAYLOR FORMAT ION 

THE TAYLOR FORMATION (SEE ENCLOSURE 1-2), UNDERLYING THE NAVARRO ANO OLDEST 

OF THE GEOLOGIC INTERVALS EXAMINED, HAS NOT BEEN PENETRATED IN ANY OF THE 

CORE HOLES EXAMINED, NOR HAS IT BEEN FOUND OUTCROPPING ON 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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IN A WATER WELL AT PM-22. IT IS FOUND ON THE SURFACE ON LECN CREEK NORTH 

OF HIGHWAY 90 (PM-55) AND AGAIN WEST OF LOOP 410 ON HIGHWAY 90 (Pi-1-20) AND 

SLIGHTLY TO THE NORTH PM-19, 39 AMD 40. 

IT IS PROBABLE THAT THE TAYLOR OUTCROP SWINGS SOUTHV/ARD DOWN MEDIO CREEK AND 

IS PRESENT 5' TO 10' BELOW STATION PM-36 AND PM-57 , BUT IS NOT EXPOSED. A 

SMALL AMOUNT OF SHOVEL WORK SHOULD Zy.POSE THE TAYLOR FORMATION AT PM-37 IN '; 

THE MEDIO CREEK BANK. 

NAVARRO FORMATION 

THE OUTCROP OF THE NAVARRO (SEE ENCLOSURE //2) IS INFLUENCED ON THE NORTH 

BY A DOWN-TO-COAST FAULT "A", TRENDING NORTHEAST, IN THE CENTER BY AN ANTI­

CLINE TRENDING PARALLEL WITH THE FAULT, ON THE SOUTHEAST BY REGIONAL DIP 

AND A DOWN-TO-COAST FAULT BETWEEN PM-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 WELL 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 /,-3 SUGGESTS THE TOP OF 

NAVARRO TO BE AT 180' AND THE BOTTOM TO BE AT 645'. 

STARTING AT LEON CREEK ON THE NORTH SIDE OF THE ANTICLINE (ENCLOSURE ,^2); 

PM-2 IS A POOR EXPOSURE OF WEATHERED SHALE WITH A TRACE OF NAVARRO FORAMS-, 

PM-1 IS AN EXPOSURE AT THE DRAINAGE DITCH ALONG HIGHWAY 90 AND CONTAINS A 

TRACE OF WEATHERED NAVARRO FORAMS} PM-15 IS A CORE .HOLE IN HIGHWAY 90 MEDIAN, 
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LOCATION IS APPROXIMATE, BY TEXAS HIGHV/AY DEPARTMENT. "SAMPLE COLLECTED 

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

FEW FEET (5'-10') OF THE BASE OF THE NAVARRO; PM-41 HAS A FEW NAVARRO FORAMS; 

PM-36 IS AN EXOGYRA COSTATA ZONE LOCATED,IN A PIT ON MEDINA BASE, THIS IS 

WITHIN A FEW FEET OF THE BASE OF THE NAVARRO; PM-37 IS THE SAME HORIZON BUT 

ON MEDIO CREEK, IT IS LIKELY THAT A SMALL AMOUNT OF SHOVEL V/ORKV.OULD EXPOSE 

THE TAYLOR SHALE AT THIS POINT. 

THE ANTICLINE BRINGS THE NAVARRO TO THE SURFACE AGAIN ALONG LEON CREEK AT, 

PM-12, PM-9, AND P.M-6, 7 & 8. PM-16 HAS A BONE BED POSSIBLY EQUIVALENT TO 

THE ONE FOUND IN CORE HOLE 8A6C-8 AT 55'. PM-17 AND PM-13 ARE STILL SURFACE 

OUTCROPS CONTAINING NAVARRO FORAMS. PM-29, 30 AND 31 ARE NAVARRO SHALE. 

ACROSS THE GULLY FROM PM-29 ARE MiDV/AY GREEN SANDS. THIS INDICATES A DOWN-

TO-COAST FAULT ALTHOUGH THE FAULT PLANE ITSELF WAS NOT OBSERVED. PM-26, 

27 AND 28 ARE NAVARRO SHALE WITH A FEW WEATHERED FORAMS. 

MIDV/AY FORf^.ATION 

THE SURFACE OUTCROPS OF THE MIDWAY (ENCLOSURE'j^2) ON THE NORTH SIDE OF THE 

ANTICLINE ALONG LEON CREEK ARE PM-34, A GLAUCONITIC SHALE WITH MIDWAY FORAMS; 

PM-5, A GLAUCONITIC SHALE WITH MIDWAY FORAMS; PM-4, A GLAUCONITIC MIDWAY 

SHALE WITH FORAMS AND ABOUT ONE FOOT ABOVE THE NAVARRO CONTACT; PM-11, A 

GLAUCONITIC MIDWAY SHALE; PM-13, A GLAUCONITIC MIDWAY SHALE THREE FEET ABOVE 

NAVARRO CONTACT; PM-10, GLAUCONITIC MIDV.'AY; WESTV/ARD ON MEDIO CREEK, rM-38, 

A GLAUCONITIC MIDWAY SHALE; PM-21 , A WEATHERED MIDV/AY SHALE; PM-22, A V/ATER 

WELL WHICH STARTED IN MIDWAY SHALE, SOUTH OF THE ANTICLINE ON LEON CREEK; 

PM-33, A GLAUCONITIC MIOV/AY SHALE ON THE DOWN SIDE OF A FAULT SEPARATING 

IT FROM NAVARRO AT PM-29. PM-32 IS ALSO GLAUCONITIC MIDWAY SHALE. 
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SUBSURFACE GEOLOGY 

Tv/o GEOLOGIC PERIODS ARE REPRESENTED IN THE SUBSURFACE MATERIAL EXAMINED 

(ENCLOSURE //I). THE PALEOCENE MIDWAY FORiMATION AND THE CRETACEOUS NAVARRO 

FORMATION. BOTH CONSIST OF CLAY AND A S;-'.ALL AMOUNT OF SILTY CLAY AND SILT 

WITH THE LOWER PART OF THE MIDV/AY 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. V/RITER 

ON THE BASIS OF PALEONTOLOGY, THE FORAMINIFERA, WITH FEW EXCEPTIONS, BEING 

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 ANO VICINITY. 

NAVARRO 

LAFB V/ATER V/ELL f fS, ELECTRIC LOG CONTROL, FIRST READING AT 112', CORRELATION 

WITH LAFB V/ATER V/ELL #3 SUGGESTS THE WELL STARTS 10' TO 20' BELOW THE TOP 

OF NAVARRO, INDICATING APPROXIMATELY 500' OF NAVARRO FORMATION AT THIS POINT, 

ELECTRIC LOG CORRELATION SHOWS A FAULT WITH 230' OF MISSING SECTION AT APPROX­

IMATELY 1,020' ANO TOP OF GEORGETOV/N AT 1,100' (-358'). SAMPLE AT OEPTH 32' 

IN PM-15 IS PROBABLY NEAR (5'-10«) THE BASE OF THE NAVARRO. IF THIS INTER­

PRETATION IS CORRECT, IT IS ON THE HIGH-SIDE AND FAULT SEPARATED FROM V/ATER 

V/ELL i i s . 

HUMBLE OIL & REFINING COMPANY SERVICE STATION WELL AT HIGHWAY 90 AND LOOP 

13, ELECTRIC LOG CONTROL SUGGESTS BASE OF THE NAVARRO AT APR-ROX I MATELY 50'. 

THIS AND DATUM RELATIONSHIP AT TOP OF THE GEORGETOWN AT 875' (-125') INDI­

CATES HUMBLE V/ATER V/ELL IS ON THE HIGH-SIDE ANO FAULT SEPARATED FROM WATER 



PAGE He 

WELL } i 5 . 

LAFB V.'ATER V/ELL /̂ '4, ELECTRIC LOG CONTROL, FIRST READING AT 235', LAST READ­

ING AT 1,251', CO.RRELATION INDICATED WELL STARTED ABOUT 50' BELOW TOP OF 

THE NAVARRO. THE WELL IS FAULTED AT 1,140', DISPLACEMENT UNKNOV.'iM. PROJECTED 

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

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

THE TOP OF THE TAYLOR, ..- • r: 

THESE POSTULATIONS INDICATE THAT ON THE HIGH-SIDE OF THE FAULT THERE IS A 

SMALL AMOUNT OF DOWNV/ARPING INTO THE FAULT WITH A RELATIVELY THIN REM.MANT 

OF NAVARRO OVERLYING THE TAYLOR ON THE NORTH SIDE OF FAULT "A". 

ON THE SOUTH SIDE OF THE FAULT, THE NAVARRO HAS BEEN FOUND IN CORE HOLE 8A6C-8, 

WATER WELL //5, WATER V/ELL jt'4, AND V/ATER V/ELL //'S. CORE HOLE 8A6C-8 WAS IN 

NAVARRO AT THE FIRST SAMPLE AT 21' AND AT THE LAST SAI-IPLE AT 127.3'. V/ATER 

V/ELL ^5, AS NOTED ABOVE, PROBABLY STARTS 10« TO 20' BELOW TOP OF THE NAVARRO 

ANO THE BASE OF THE NAVARRO IS AT 490'. THE SECTION IS SLI6HTLY THICKER 

BECAUSE OF DOWNWARPING INTO THE FAULT. 

V/ATER V/ELL ^ 3 , ELECTRIC LOG CONTROL, FIRST READING AT 85', LAST READING AT 

1,548', CORRELATION WITH SAMPLE LOG PM-22, SUGGESTS THAT ISO' OF MIDWAY IS 

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

ESTIMATED TO BE 450'. TOP OF GEORGETOWN IS AT 1,475' (-703'). 

CORE HOLE 60C-207, ON THE NORTH FLANK OF THE ANTICLINE, FOUND THE NAVARRO 

AT 96' AND PENETRATED FOUR FEET OF THE FORMATION. 

IT WAS ALSO FOUND ON THE ANTICLINE IN CORE HOLE 8A6C-263, FIRST SAMPLE AT 
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23' AND LAST SAMPLE AT 70' WERE IN NAVARRO. 

'm 

MIDV/AY 

THE MIDV/AY FORMATION, YOUNGEST MARINE FORMATION IN THE LAFB AREA, IS PRE­

SERVED IN THE DOWN FAULTED BLOCK ADJACENT TO THE DOV/N-TO-COAST FAULT "A" 

AND HAS BEEN REMOVED BY EROSION OVER THE ANTICLINE. IT HAS NOT BEEN FOUND 

SOUTH OF THE ANTICLINE ON LAFB, BUT HAS BEEN FOUND SOUTH OF LAFB ON LEON 

CREEK WHERE IT IS AGAIN PRESERVED 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 BOTTOM IS GLAUCONITIC. THE FORMA­

TION THICKENS GULFV/ARD, SO THE LAFB AREA WOULD HAVE HAD A SLIGHTLY THINNER 

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 IS POSSIBLE TO ESTIMATE A MINIMU-1 THICKNESS 

PRESENT OF 106'. THE CORE HOLE 6DC-262 PENETRATED 45' OF NON-GLAUCONITIC 

MIDV/AY FROM 23' (FIRST SAf-!PLE) TO TOTAL DEPTH OF 68'. CORE HOLE 6DC-207 

PENETRATED 61' OF GLAUCONITIC MIDWAY, THUS GIVING THE MINIMUM THICKNESS NOTED 

ABOVE. 

THE MIDV.'AY FORMATION WAS PENETRATED IN THREE OF THE CORE HOLES EXAMINED. 

CORE HOLE 8A6C-225 IS ON THE DOWN SIDE OF FAULT "A" AND THE MIDWAY IS IN 

THE FIRST SAMPLE AT 25' AND THE LAST SAMPLE AT 65'. VREATHERED GLAUCONITE 
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IS PRESENT. 

m CORE HOLE 6DC-207 IS ON THE NORTH FLANK OF THE ANTICLINE. THE FIRST SAMPLE 

AT 35' IS GLAUCONITIC MIDWAY AND THE TOP OF THE NAVARRO IS AT 95'. 

CORE HOLE- 60C-262, ALSO BETWEEN THE ANTICLINE AND FAULT "A", HAD NON-GLAU­

CON I T I C MIDWAY FROM FIRST SAMPLE AT 23' TO LAST SAMPLE AT 68'. 

MIDV;AY ZONATION 

THE MIDWAY FORMATION OF WHICH.105' HAS BEEN PENETRATED IS DOMINANTLY CLAY 

WITH A SMALL AMOUNT OF SILT. THE UPPER 63' OF MIDWAY PENETRATED IN THE CORE 

HOLES WAS NON-GLAUCONITIC AND APPEARED TO BE BENTONITIC. MOST OF THE FAUNA 

WAS, LEACHED OUT AND FURTHER ZONATION OF THIS UPPER PART DOES NOT SEEM POS­

SIBLE, IF ANY ADDITIONAL HIGHER MIDWAY SECTION, PROBABLY PRESENT NEAR FAULT 

"A", IS PENETRATED THIS MIGHT FURNISH ADDITIONAL DATA. 

THE BOTTOM PART OF THE FORMATION IS GLAUCONITIC SILT AND SHALE. THE CORPS 

OF ENGINEERS' LOG ON CORE HOLE 6DC-207 IN CONJUNCTION WITH THE PALEO INDI­

CATES THE MINIMW-1 THICKNESS OF THE GLAUCONITIC ZONE. IT SHOWS THE FIRST 

15' TO BE REWORKED f-IATERIAL, THEN PRIMARY CLAY AND SILT TO 35.7', A SAND 

STONE 35.7' TO 36.6' WITH RED STAIN (POSSIBLY FROM 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', SO WE HAVE 

USED THE FIGURE OF 61' FOR THE GLAUCONITIC ZONE. 

THE SAMPLE INTERVALS EXAMINED BY THE WRITER ON THIS CORE HOLE WERE 35', 49', 

61', 71', 80', 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 WEST SIDE OF LEON CREEK IN THE VICINITY 

OF KELLY ROAD CONTAINS ABUNDANT GLAUCONITE AND VARYING LITHOLOGIES. IT MAY 

BE POSSIBLE TO ZONE THIS EXPOSED INTERVAL OF MIDWAY AND A CHECK WOULD BE 

TO CORRELATE THE LOG OF 6CC-207, V/HICH SHOWS VARIATIONS IN LITHOLOGY, WITH 

THE SURFACE OUTCROP AND WITH OTHER CORE HOLES PENETRATING THE LOV/ER MIDWAY. 

NAVARRO ZONATION 

Two CORE HOLES WERE EXAMINED WHICH HAD A LONG NAVARRO SECTION, 8A6G-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 RED-BROWN 

BONE FRAGMENTS AND PEBBLES. THE OTHER TWO ZONES ARE SHALES WITH SMALL THIN 

WATER-V/ORN OYSTER SHELLS. VISUALLY THESE APPEAR TO BE VERY SIMILAR AND MIGHT 

NOT BE GOOD MARKERS, ALTHOUGH THE UPPER BED HAD A FORAM NOT SEEN IN THE LOWER 

OYSTER BED, ADDITIONAL DATA IS NEEDED, FOR THESE TV/O 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', 60', 69' 

78', 87', 96.3', 106', 115', 119.5', 124' AND 127'. ALL WERE FROM THE 

NAVARRO, 

SAMPLE FROM 56.7' TO 57,5' - A ZONE OF REO-BROV/N ROUNDED FISH BONiTS, 

TEETH AND PEBBLES WAS FOUND. THIS POSSIBLY COULD BE USED 

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

SAMPLE AT 37' - SMALL WATER-WORN BORED OYSTER SHELLS. THIS MIGHT EE 

A SECOND HORIZON IDENTIFIABLE IN THE FIELD. IT HAS THE 
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FORAM GYROIDINA CEPRESoA, THIS IS THE ONLY PLACE IT HAS 

SrEN FOUND TO DATE. 

SAMPLE AT 127.8' - A SIMILAR OYSTER SHELL ZONE, BUT IT DID NOT HAVE THE 

GYROIDINA DEPRESSA. 

THE ZONE OF RED-3RCWN ROUNDED FISH BONES AND PEBBLES ALSO WAS FOUND AT THE 

SURFACE AT LOCATION PM-T5 ANO IN CORE HOLE 8A6C-253 AT 60'. THIS CORE HOLE 

DID NOT GO DEEP ENOUGH TO CHECK THE OCCURRENCE OF THE TV/O OYSTER SHELL BEDS 

NOTED ABOVE. SAMPLES WERE EXAMINED ON A WATER WELL (PM-22) A SHORT DISTANCE 

FROM THE SOUTHWEST CORNER OF LAFB ANO FISH BONES AND OYSTER SHELLS WERE SCAT­

TERED THROUGH THESE SAMPLES. THE QUALITY OF THE SAMPLES DID NOT PERMIT SAT­

ISFACTORY ZONATION. HOWEVER THE PRESENCE OF THIS MATERIAL. IN THIS WELL AND 

AT PM-15 SUGGESTS THAT THE THREE ZONES PROBABLY ARE PRESENT OVER LAFB. 

STRUCTURE 

THE GEOLOGIC STRUCTURE V/AS NOT STUDIED IN DETAIL AT THIS TIME BY ME. PREVIOUS 

RECONNAISSANCE WORK IN CONJUNCTION WITH THE PRESENT WCRK ARE THE BASIS FOR 

THESE NOTES AND MIGHT HELP IN INTERPRETATION OF THE CORE HOLE,DATA. STRUC­

TURAL FEATURES APPARENT ARE AT LEAST TV.'O DOWM-TO-COAST FAULTS (SEE ENCLOSURE 

#2), A SOUTHWESTWARD PLUNGING ANTICLINE AND NORMAL REGIONAL GULFWARD DIP. 

AT LEAST ONE DOV/N-TO-COAST FAULT, TRENDING APPROXIMATELY NORTH, 60 DEGFiEES 

EAST, IS ALONG THE NORTH SIDE OF THE LAFB PROPERTY. THIS FAULT "A" WAS IN-

TERP.'^-:ETED FROM IV.VUM RELATIONSHIPS CN TOP OF THE GEORGETOV.'N IN VA.^IOUS WATER 

WELLS IN THE AREA AND FORMATIONS FOUND AT THE SURFACE. A FAULT WAS FOUND 

IN WATER WELL ^4 AND WATER WELL fr'o BY USE OF THE ELECTRIC LOGS IN THE THREE 

LAFB V/ATER WELLS, ,73, //4 AND 7-5. THIS FAULT COULD BE INTERPRETED TO BE THE 
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REGIONAL FAULT MENTIONED ABOVE OR TO EE A CROSS FAULT SEPARATING WATER WELL 

-̂5 AND WATER WELL ;>'4, TOP OF THE GEORGETOWN DATA, BASED PRIMARILY ON DRILLER 

LOGS IN THE AREA, SUGGEST ADDITIONAL FAULTING MAY BE PRESENT. 

IN WATER WELL 3 b , THIS FAULT CUT WITH 230' OF MISSING SECTION IS FOUND AT 

1,020'. WATER WELL //4 HAS A FAULT CUT AT 1,140'+-, BUT THE AMOUNT OF MISS­

ING SECTION CAN NOT BE DETERMINED BECAUSE THE LOG ENDS AT 1,251". THE TWO-

WELLS ARE NOT ON THE SAME" SIDE OF THIS FAULT AT THE GEORGETOWN DATUM RELA­

TIONSHIPS. NO FAULTING- IS APPARENT IN WATER WELL j i 3 . 

FURTHER EVIDENCE OF FAULT "A" IS SHOV/N ON THE NORTHEAST BY PRESENCE OF TAYLOR 

AT PM-35 AND MIDV/AY AT PM-34, ALSO BY DATUM RELATIONS ON TWO WATER WELLS TWO 

TO THREE MILES FARTHER NORTHEAST, 

ADDITIONAL FAULT CONTROL ON THE SOUTHWEST IS SHOWN BY PM-37, V.'HERE TAYLOR 

IS POSTULATED TO BE 10' BELOW THE NAVARRO AND PM-38 HAS MIDV.'AY GREEN SANDS 

PRESENT. LOCATION PM-38 COULD ONLY BE APPROXIMATED BECAUSE A MEDINA BASE 

MAP WAS NOT AVAILABLE. 

THE PRESENCE OF GLAUCONITIC MIDV/AY AT PM-34 AND CORE HOLE 8A6C-225 CAN BE 

EXPLAINED BY A COMBINATION OF PRESERVATION AGAINST THE FAULT AND A GREATER 

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

FOR THE GLAUCONITIC MIDV/AY AT PM-38 BEING ADJACENT TO POSTULATED TOP Or THE 

TAYLOR AT PM-37. THIS V/OULD REQUIRE ABOUT 475' OF DISPLACEMENT AT PM-38. 

V/ATER WELL j/5 HAS 230' OF DISPLACEMENT (MISSING SECTION). 

ANOTHER WAY OF STATING THIS INTERPRETATION IS THAT THERE IS A LOCAL STRUC­

TURAL "HIGH" ON THE DOWN SIDE AND ADJACENT TO THE'FAULT IN THE VICINITY CF 
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PM-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, PM-38 AND 

PM-3 AND IN THE SUBSURFACE ON THE DOWN SID£ 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 V/ATER WELL CONTROL. THIS ANTICLINE 

TRENDS APPROXIMATELY PARALLEL TO FAULT "A" WITH THE ANTICLINAL CREST NEAR 

PM-16 TO PM-28, THERE IS AT LEAST 265' OF NORTHWEST DIP FROM THE-CREST TO­

WARD THE FAULT, THE NORMAL REGIONAL GULFWARD DIP FORMS THE SOUTHEAST FLANK 

OF THE ANTICLINE. THIS DIP SHOULD BE TAKEN INTO CONSIDERATION IN SPACING 

THE CORE HOLES, 

FAULT "3" IS SOUTH OF LAFB AND IS EVIDENCED BY NAVARRO PM-29 AND GLAUCONITIC 

MIDWAY PM-33 BEING AT THE SAME ELEVATION, ONE ON EACH SIDE OF THE SMALL CAN­

YON, ADOITICNAL CONTROL IS NECESSARY TO DETERMINE THE STRIKE, 

IT IS PROBABLE THAT ADDITIONAL SMALL FAULTS ON LAFB WILL BE FOUND WITH THE 

CORE HOLE DATA, 

V/EATH ERING 

IN THE PREVIOUS PRELIMINARY NOTES ATTENTION WAS CALLED TO WEATHERING OF THE 

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

TWO ITEMS ARE PROBABLY RELATED, AT LEAST IN PART, BECAUSE SOME FIRM SHALE 

SAHPLESSriLL HAVE MOLDS OF THE FCRAMS WHICH HAVE BEEN REMOVED BY SOLUTION, 

THIS INDICATES THAT THESE WERE DISSOLVED OUT RELATIVELY NEAR THE SURFACE 

FOR A HEAVY OVERBURDEN V/OULD PROBABLY COLLAPSE THE PLASTIC CLAY INTO THE 

SOLUTION CAVITIES. 
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THE FAULTING AND FOLDING PROBABLY HAVE PRODUCED ABUNDANT FRACTURES WHICH 

ALLOWED WATER TO CIRCULATE THROUGH THE SHALES. THIS WATER COULD COME UP 

THE FAULT PLANE FROM THE EDWARDS BECAUSE OF ARTESIAN PRESSURE, OR a.ULD ENTER 

FROM LEON CREEK OR BE FROM RAINFALL. V.'HEN THE PERCOLATING WATER REACHED 

GROUND WATER TABLE, INFLUENCED BY THE ELEVATION OF LEON CREEK AND MEDIO CREEK, 

IT FLOWED OUTWARD CARRYING CALCIUM CARBONATE AND POSSIBLY OTHER MINERALS 

IN SOLUTION. THE SHALE BELOW GROUND WATER LEVEL POSSIBLY HAS FEV/ER FRAC­

TURES AND LIMITED Cl RCULATI ON..OF GROUND WATER AND HENCE HAS NOT BEEN SUBJECT- ' 

TO WEATHERING BY PERCOLATING GROUND WATER, 

THIS IS MAINLY SPECULATION ANO ADDITIONAL CORE HOLE DATA SHOULD BE CONSIDER­

ED BEFORE VALID CONCLUSIONS CAN BE DRAV/N, 

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

REASON THIS IS MENTIONED. 

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

PAM:BP 
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THE FOLLOWING NOTES ARE BRIEF COMMENTS ON THE SAMPLES. THIS IS ALSO PRE­

SENTED GRAPHICALLY ON THE ENCLOSED LOG STRIPS V/HICH ARE PLOTTED ON THE SAME 

SCALE AS THE ELECTRIC LOGS OF THE CORE HOLE, j-" = 10'. THE LOG STRIPS WILL 

BE MORE CONVENIENT TO USE IN CORRELATIVE WORK THAN THE WRITTEN DESCRIPTION, 

THE WRITER HAS' SEEN YOUR CORE DESCRIPTION LOG OF 6L;'C-207 ANO THIS LOOKS AD­

EQUATE TO TAKE CARE OF ANY LITHOLOGIC NEEDS. 
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CORE HOLE 8A6C-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 FROM THE NAVARRC. 

SAMPLE AT 21' A LIGHT GREY BUFF SILTY SLIGHTLY LIMONITE STAINED 
BENTONITIC SHALE.WITH A SMALL NAVARRO FAUNA 

30.5' - SHALE IS V.'ASHED OUT. SLIGHTLY LARGER FAUNA 

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

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

56,7' TO 57,5' - LITHOLOGY IS SAME BUT CONTAINS ABUNDANT RED-

BROV/N BROKEN ROUNDED POLISHED FISH BONES, TEETH, 
PEBBLES AND A MODEST NAVARRO FAUNA. 

THIS ZONE MIGHT BE CORRELATED IN THE FIELD OVER THE AREA FOR A SIMILAR 
ZONE OCCURS IN CORE HOLE 8A6C-26S. 

60.1' - A SIMILAR LITHOLOGY TO THE FIRST SAMPLE BUT A VERY 
MEAGER NAVARRO FAUNA 

69.1' - AN UNWEATHERED GREY BENTONITIC 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 WHICH CAN BE CORRELATED. IT CONTAINS 
THE FORAM GYROIDINA DEPRESSA, THE FIRST ANO ONLY OC­
CURRENCE OF THE FOSSIL WHICH MAY POSSIBLY BE USED TO 
DISTINGUISH THIS OYSTER SHELL BED FROM THE ONE OCCUR­
RING AT 127.8'. 

96.7' - A GREY SILTY SHALE, VERY ABUNDANT FINE PYRITE AND A 
TRACE OF FORAMS 

106.1' - SAME 

115' - SAME 

119' - SAME 

124' - GREY SHALEY SILTY WITH A SMALL NAVARRO FAUNA 

127.8' - GREY SILTY SHALE WITH OYSTER SHELL FRAGMENTS ANO 
MODEST NAVARRO .FAUNA 
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CORE HCLE 8A6C-263 - .̂ LL NAVARRO FORMATION 

NINE SAMPLES, 28', 33', 38', 43.3', 48,5', 54', 60', 65.5', AND 70.1' 
WERE EXAMINED. THE FIRST SAMPLE WAS |N NAVARRO AND THE LAST SAMPLE HAD 
A MEAGER FAUNA BUT PROBABLY WAS STILL li-l NAVARRO. 

SAMPLE AT 28' A LIGHT YELLOW GREY CLAY WITH FINE LIMONITE STAIN, 
IT HAS A SMALL NAVARRO FAUNA. 

33' - AN Î JCREASE IN LIMONITE STAIN WITH A SMALL AMOUNT 
OF DARK GREY M.-.TERIAL AS NOTED IN SAMPLE 38.1' IN 
CORE HOLE 6DC-262. IT HAS A MEAGER FAUNA WITH ABUN­
DANT. INSOLUBLE HAPLOPHRAGMOIOES. 

38' - SAME,,,SHALE WITH SMALL NAVARRO FAUNA 

43,3' - SAME 

48,5" - SAME 

54' - SAME WITH A FEW SMALL BONE FRAGMENTS 

60' - SAME WITH ABUNDANT ROUNDED POLISHED RED-BROWN BONE 
FRAGMENTS AND MODEST NAVARRO FAUNA. 

65,5' - A LIGHT YELLOW SHALE WITH ABUNDANT LIMONITE WITH 
TRACE NAVARRO FORAMS 

70.1' - BUFF SILT WITH LIMONITE TRACE OF FORAMS, PROBABLY 
NAVARRO, 

mi 
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CORE HOLE 60C-207 - MIDV/AY WITH NAVARRO NEAR BOTTOM 

SEVEN SAMPLES, 35', 49', 61', 71« , 60', 90' AND 100' WERE EXAMINED. 

THE FIRST SIX WERE FROM THE MIDWAY AND THE LAST SAÎ SPLE AT 100' V/AS IN 

NAVARRO. 

SAMPLE AT 35' ABUNDANT GLAUCONITE WITH COPROLITES, FISH TEETH, 
ROUNDED POLISHED BONE FRAGMENTS AND PEBBLES AND A 
NUMBER OF MIDV/AY SPECIES, BUT NOT ABUNDANT IN QUAN­
TITY. 

49' - ABUNDANT GLAUCONITE WITH COPROLITES AND A LARGE 
NUMBER OF MIDWAY FORAMS. 

61' - A GLAUCONITIC SAND LIGHTLY CEMENTED WITH FEW MIDWAY 
FORAMS. 

71' 

80' 

- A GREY SHALEY SILT WITH FEW FORAMS, PROBABLY MIDWAY. 

- A GREY SHALEY SILT WITH GLAUCONITE, A FEW SMALL PYRITE 
NODULES AND A FEW MIDWAY FORAMS. 

90* - A GREY CLAY WITH GLAUCONITE AND AN ABUNDANT MIDWAY 
FA UNA 

100' - A GREY SILTY SHALE WITH A SMALL NAVARRO FAUNA. 
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CORE HOLE 8A5C-225 - ALL MIDWAY 

FOUR SAMPLES, 25', 50', 60' AND 65' WERE EXAMINED. ALL FOUR SAMPLES 
CONTAINED A MEAGER FAUNA. 

- A MEAGER FAUNA WITH THE RELATIVELY INSOLUBLE HAPLOPH­
RAGMOIOES AND AMM0DISCU3 AND IS ASSIGNED TO MiDV/AY 
BECAUSE OF STRATIGRAPHIC POSITION. 

50' - A TRACE OF MIDWAY FAUNA AND WEATHERED GLAUCONITE AND 
INTERGLAUCONITE MATRIX. 

60' - HAPLOPHRAGMOIOES, LIMONITE, WEATHERED, GLAUCONITE, 
INTERNAL PYRITE ALTERED TO LIMONITE MOLDS OF MINUTE 
FOSSILS, 

65' - STILL HAD A TRACE MIDV.'AY FAUNA. DEEP WEATHERING' 
POSSIBLY WAS RESPONSIBLE FOR THE SCARCITY OF FOSSILS 
AND WEATHERING OF THE GLAUCONITE AND PYRITE TO LIMONITE. 

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

NINE SAMPLES, 22.5', 28.9', 33', 38.1', 45.1', 49', 53', 62' AND 68' WERE 
EXAMINED. ALL WERE FROM THE MIDWAY. 

SAMPLE AT 22.5' - A BENTONITIC CLAY WITH FINE LIGHT SPECKLED LIMONITE 
STAINING AND NO FORAMINIFERA. 

28.9' - A SIMILAR LITHOLOGY WITH A TRACE OF THE INSOLUBLE 
HAPLOPHRAGMOIOES. 

33» - AN ABUNDANT LIMONITE, ABUNDANT HAPLOPHRAGMOIOES AND 
A TRACE OF CHRYSALOGON I UM GRANT I , A MIDV/AY FORAM. 

38,1' - AN ABUNDANT LIMONITE ANO DARK GREY MATERIAL OF SIM­
ILAR TEXTURE AND AN ABUNDANT MIDWAY FAUNA.' 

45,1' - A LIMONITE ANO BLACK MATERIAL AS NOTED ABOVE ANO A 
SMALLER MIDV.'AY FAUNA. 

49« - A LIMONITE AND HEMATITE WITH MIDWAY FAUNA. 

53' - A SMALL AMOUNT OF LIMONITE AND HEMATITE WITH A MID­
WAY FAUNA. 

62' - A SMALL AMOUNT OF LIMONITE ANO HEMATITE WITH A MlD-
V/AY FAUNA 

68' - CHANGED FROM A LIGHT GREY, LIGHTLY LIMONITE STAINED 
BENTONITIC CLAY WITH BUFF FORAMINIFERA TO A GREY CLAY 
WITH GREY FORAMINIFERA WITH SMALL AMOUNT OF PYRITE 
AND A SMALL MIDV/AY FAUNA. 

THERE IS NO EVIDENCE THAT THE GLAUCONITIC ZONE OF THE OUTCROPPING MIDWAY 
V/AS ENCOUNTERED, 

^ 





AP?3-?y^'0^ ^ 

lAC l O A ^ 

?0i^ 

\ ] . 
3. ; ^ « S^-^^" 

rRDlS' .Tl^lCl; YOKT \!0?>T^: 
Tii•;C^5 

B-̂  



SEISMIC SURVEY OF 
WILFORD HALL PIOSPITAL COMPLEX AREA 

SAN ANTONIO, TEXAS 

PURPOSE: 

This survey was performed to a s s i s t in developing corre la t ion betv/een 
existing borings in o rde r to develop the subsurface s tructural , geology of the 
a r e a . F o r dri l l hole location see F igure 1. 

PROCEDURE: 

This se i smic survey was per formed in two phases . The f i r s t phase con­
sisting of four profiles from southwest to nor theas t . These profiles were 
per formed with a geophone spacing of ten feet with a- distance of 100 feet betwee 
shot points . These profiles a r e designated l ines A, B, E, and D. See figure 
2. 

Phase two of the project was performed with a spacing of 50 ft. between 
geophones and a distance of 500 ft. between shot points . These profiles c o n -
s is t of l ines 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 boos te r . F o r the spreads of 500 ft. a cap and 
one-half lb,. 60% dynamite were used. All shots were placed 12 to 18 inches 
below the surface and tamped. 

RECORDS: 

Records were made on d i rec t pr int paper and l a t e r made permanent by 
chemical p roces s ing . Time base on the r eco rds is 20 inches per second alloj 
ing timing accuracy of ± . 5 m. s. There a r e 24 signal t r aces and one t ime 
break t r ace on each record . Only 12 t r aces were used on some records be­
cause of the traffic in the a r e a . Ar r iva l t imes were determined and plotted 
scale Iin.= 10 ft. and l in .= 10 mil l i seconds (MS) for spreads of 100 ft, and oi 
a scale of 100 ft. = 1 inch and 100 MS = 1 inch for 500 ft. sp r eads . 

The r ecords a r e of good technical quality; however, because of the en 
cess ive ly high ra te of attenuation of the energy in subsurface, the t ime bre j 
a r e not as sharp as might be des i red . The records of the 100 ft. spreads 
r ep resen ta t ive of nea r subsurface conditions, however the records of the 
ft. sp reads do not show the a r r iva l of the energy through the subsurface bj 
the f i r s t 200 ft. 

The a r r i v a l t imes marked on the r eco rds in most cases a r e for thej 
of the sound wave through the a i r . 
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Figure 4 shows the represen ta t ive rate of attenuation of the energy in 
the subsur face . This attenuation is considerably g rea t e r than is normally 
experienced, even in a r e a s of poorly consolidated m a t e r i a l s . 

DATA DETERMINED FROM INVESTIGATION: 

The depths to the velocity horizons deternnined from the r eco rds of the 
100 ft. sp reads a r e l is ted in Table 1. 

Since very few se i smic a r r i v a l s could be determined for the longer 
spread, no computation for deeper hor izons could be determined from the 
r eco rds of the 500 ft. sp r eads . 

CONCLUSION: 

The information deternmined by this survey is very l imi ted. The un­
consolidated nature of the subsurface ma te r i a l r esu l t s in a very low velocity 
and produces a ve ry high ra te of attenuation of the se i smic energy. F r o m the 
graph of attenuation shown in F igure 4 we see that at 10 ft. the se i smogram 
t r a c e ampli tude is only about , 4 inch and at 10 ft. the t r ace amplitude is only 
about . 03 inch. In o rde r to get se i smic energy out to a distance of 500 ft. tO' 
the geophone the explosive charges would have to be at leas t ten t imes as la rge , 
or about five pounds of dynamite . Detonation of this size charge would c e r ­
tainly blow ma te r i a l from the hole for a considerably distance from the shot 
and perhaps cause damage to buildings and automiobiles in the vicinity. Dr i l ­
ling deep shot holes would reduce the possibil i ty of the holes blowing, but the 
expense was not included in the original cos t . 

The mentioned p rocedures a r e comrnonly used to improve the record 
quality; however, it is felt by the cont rac tor that the records obtained throughj 
the use of these m e a s u r e s might not provide much additional information 
because of the low velocity and lack of any la rge changes in velocity between 
the va r ious depths. 
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illite) and chlorite occur along with other non-clay consti­

tuents (see tables of analyses). The analyses indicate the 

composition of the Midway is relatively constant with approxi­

mately 70% Ca-montmorillonite. The Midway, therefore, should 

be a severely troublesome substratum to foot a pier. The Na­

varro 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 Midway 

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 Midv/ay 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 GeoldgyJ 
Geology Department 
Texas Christian Univer^ 
Fort Worth, Texas 7612] 
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30 A - 283 

Sample No. Depth (ft) Mineralogy Estimated % 
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