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Structural Evolution of the Waco Region 

Christopher T. Hayward 

ABSTRACT 

The eastward thickening wedge of Cretaceous sedi
ments dominates the regional structure of the Waco 
area. Isopachs of eight units (the  Formation, 
the  Formation, the Hensel Formation, the 
Glen Rose Formation, the Fredericksburg Group, the 
Georgetown Formation, the Del Rio Formation-Pepper 
Formation-Eagle Ford Group, and the Austin Forma
tion) can lead to interpretations of stress patterns 
related to faulting along the  fault. Analyses 
assume that isopach features are controlled by active 
structural disturbance during deposition. 

The pre-Cretaceous surface, which was of low relief, 
extended far to the east of Waco. Initial fluvial Cre
taceous deposition began with subsidence in the East 
Texas basin and deposition of the Hosston Sand. 
Streams incised valleys through the Ouachita fold belt 
and deposited sands east of Waco. By the end of 
Hosston time, the surface of deposition was essentially 
flat. The presence of three Pearsall isopach features 
parallel with known basal Cretaceous faults give evi
dence of local readjustments and uplift along faults 
during Pearsall deposition. The overlying Hensel Sand
stone exhibits characteristics of strandline deposits, and 
isopach thicks of this unit are probably depositional 
rather than tectonic. The isopach of the overlying 
Glen Rose Formation, the thickest of all mapped 

intervals, shows very few anomalies, perhaps due to 
the masking effect of the large total thickness. Tectonic 
activity during Glen Rose deposition probably continued 
to areas east of the Balcones fault zone. The Fredericks
burg isopach is the most constant of all mapped in
tervals. The consistent lithology and isopach constancy 
of the Fredericksburg Group suggest that little tectonic 
activity occurred during deposition of this unit. 

Post-Fredericksburg rocks are exposed only over the 
eastern half of the area. The Georgetown Limestone 
directly overlies rocks of the Fredericksburg Group, 
and southward thinning of its shale units suggests a 
northward source, hence uplift in the north. The shales 
of the Del Rio and Pepper Formations and Eagle Ford 
Group overlie the Georgetown Formation and also 
suggest uplift in the north and subsidence in the south, 
perhaps in conjunction with renewed activity along 
faults. The Austin Chalk, a remarkably uniform section, 
overlies the Eagle Ford Group and thickens both north 
and south of Waco, suggesting gentle uplift near Waco. 

Surface fitting of the isopach data reveals that regional 
activity was greatest during Hosston deposition, and 
least during Fredericksburg deposition, increasing from 
Fredericksburg to Austin time. Field evidence of fault
ing during Austin time fits theoretical models of growth 
faults and faulting due to increased vertical stresses. 

 

P U R P O S E 

Previous studies of regional structure in central 
Texas have been largely descriptive and emphasized 
Balcones faulting (Goodson, 1965; Hudson, 1972). 
However, Balcones faulting was simply a final episode 
in the evolution of regional structure and in itself gives 

 thesis submit ted in par t ia l fu l f i l lment of the requi rements 
f o r the B .S . degree in Geology, Bay lor Univers i ty , 1976. 

little indication of stress origins or fault timing. The 
evolution of regional structure as indicated by deposi
tional patterns can provide such information, including 
the location of major structural warps during sedimen
tation and some indication of time of greatest tectonic 
activity. These in turn can be related to stress patterns 
which may ultimately lead to major faulting. Thus, 
this initial regional study may define areas of interest 
where detailed study might follow. 
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Fig . 1. I n d e x m a p showing a r e a of s tudy. 



STRUCTURAL EVOLUTION OF THE WACO REGION 7 

The purposes of the present study are 1) to present 
a generalized idea of the nature, age, and origin of the 
tectonic history of the Waco region; 2) to define the 
regional structure peculiar to the craton-basin  
and 3) to identify areas for further, more detailed 
studies. 

L O C A T I O N 
The study area is a one-degree quadrangle centered 

in Waco, Texas, and bounded by latitudes  and  
north and by longitudes  45' and  45' west (Fig. 
1). This area includes all of McLennan County and 
parts of Bosque, Navarro, Limestone, Hill, Bell, Falls, 
Coryell, and  Counties. From the Texas craton 
on the west it extends eastward to the margin of the 
East Texas basin. The Balcones fault zone trends 
north-northeast through the center of the region. 

Thus the study area shares characteristics of craton 
and basin as well as the unstable margin separating 
the two. The region includes outcrops of all central 
Texas Cretaceous formations (Fig. 2 ) , except the basal 
Trinity Group, and contains many wells through the 
Cretaceous section. Therefore, it is a region with 
adequate features for the purpose of this investigation. 

M E T H O D S 
This study is largely based on data from electric well 

logs, and correlation control was established by con
struction of three north-south and three east-west cross 
sections. Sixty additional logs were picked to identify 
an average of fifty recognizable horizons per well. This 
process extended control across the entire region and 
led to early familiarization with stratigraphy and elec
trical character of the subsurface units. Isopach maps 
accompanying this report were constructed from data 
in publications of the Texas Water Development Board, 
because many of the logs in the region were unavailable 
elsewhere. This is particularly true for the lowermost 
Cretaceous units, the Hosston, Hensel, and Glen Rose 
Formations. Discrepancies between initial control values 
and Texas Water Development Board values were 
resolved by establishing control points and rechecking 
questionable horizons. In the western half of the area 
structural and stratigraphic surface control was obtained 
from field work, previously published and unpublished 
reports, and analyses of  24000 topographic maps. 
On the basis of these values a series of isopach maps 
was constructed, beginning with the present configura
tion of the base of the Cretaceous and extending to the 
top of the Gulfian section. These maps were compared 
with existing maps in the literature, and, in case of 
disagreement, points were rechecked to establish the 
most probable values. From the maps and sections, a 
reasonable structural history of the Waco region was 
derived. 

As  experiment, an intraformation model was de
veloped to generalize the changes in thickness through
out the Cretaceous section, and an attempt was made 
to fit existing data to the model by least squares fit. 
In all interpretations sudden and significant changes in 

thickness were related to probable stress locations and 
time associated with the evolution of Balcones faulting. 

In order to gain a better understanding of Balcones 
faulting in the Austin Chalk, selected sections along the 
Brazos and Bosque Rivers were examined and photo
graphed. Also a model of the faulting using Hafner ' s 
(1951) approach was developed to suggest possible 
configuration of subsurface fault planes. Later investi
gations may utilize more extensive surface and sub
surface control, more detailed air photo interpretation 
and may concentrate in greater detail on a few selected 
cross sections across the area. Each of these procedures 
has been tested in reconnaissance fashion in this study. 

P R E V I O U S W O R K S 
Geologic structure in the Waco region has been 

considered by numerous investigators, usually as in
cidental to stratigraphic studies (Holloway,  
Rodgers, 1967). Previous structural studies dealing 
directly with the structure of the Waco region include 
those by Goodson (1965) and Hudson (1972) based 
almost exclusively on alignments seen on high altitude 
photographs. Goodson (1965) includes a particularly 
good summary of previous investigations of central 
Texas faulting and a number of studies of possible 
fault origins. For a comprehensive review of previous 
work the reader is referred to that report. In 1975 

 Perkins, and Alvarez reviewed the regional 
geology of central Texas and included substantial iso
pach and structural information, particularly on the 
lowest Cretaceous aquifer formations. A study by 
Mosteller (1970) of the Comanchean stratigraphy of 
central Texas related basin stratigraphy to that of the 
outcrop near Waco and was particularly useful in 
determining the direction of local structural trends. In 
addition a number of local stratigraphic studies were 
of direct use, particularly those of Jameson (1969) on 
the Fredericksburg Group, Sewald (1959) on the 
Austin Chalk, and Brown (1968) on the stratigraphy 
of the Washita Group. 
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STRUCTURAL EVOLUTION 

B A S I C A S S U M P T I O N S 
In order to interpret  data in terms of struc

tural evolution, certain basic assumptions are essential. 
These assumptions   Cretaceous deposition began 
upon a surface of low relief inclined gently from west 
to east, with gradients consistent with suspended-load 
streams. 2) Initial Cretaceous deposition leveled this 
earlier surface and created nearly flat floors for later 
deposits. 3) The active depositional surface at any one 
time remained essentially horizontal. While this is 
known to be in error, since sediment transport must 
always take place on a gradient, such gradients are 
believed to be small when compared to those caused 
by structural distortion. 

Based on these assumptions the following interpreta
tions are made :  Thickening and thinning, particularly 
in carbonate and fine clastic units, can be interpreted 
as reflecting structural disturbances. Sudden thickening 
is indicative of contemporaneous down warping or 
down faulting of the sedimentary floor. Sudden thin
ning is caused by uplift through flexure or faulting 
during deposition. 2) Abrupt loss of section is indicative 
of faulting if it occurs within a well or of erosion along 
a surface if it leads to the successive loss of beds along 
the line of any one section. 3) Thickening of individual 
units toward the basin is indicative of contemporaneous 
subsidence. 

Thus, in this investigation isopach maps are in
terpreted as evidence of progressive structural position, 
and the upper horizon of each interval is assumed to 
be horizontal at some time before succeeding units 
were deposited. Sharp deviations in the thickness of 
mappable intervals are considered evidence of con
temporaneous tectonic activity. 

In the interest of clarity and simplicity, contouring 
decisions were conservative, and a fifty-foot contour 
interval was used so that minor irregularities would not 
confuse the regional trends. One-point anomalies were 
ignored, and contours were smoothed in order to 
emphasize regional characteristics. Thus, at some places 
contours may be in error when compared with data 
points. 

P R E - C R E T A C E O U S S U R F A C E 
The initial surface on which Cretaceous deposition 

occurred has been described by Boone (1968), Mosteller 
(1970), and Bain (1973) as a surface of moderate 
relief sloping generally east with stream gradients of 
approximately three feet per mile. The map (Fig. 3) 
included with this investigation shows the present 
configuration of that surface. This is clearly divided 
into three major structural areas: 1) The craton in 
the west with a dip of approximately 10 to 30 feet 
per mile, 2) a band of erratic slopes probably including 
faults extending into the pre-Cretaceous rocks, and 
3) the East Texas basin in the east with dips of approx
imately  feet per mile. 

No reconstruction was prepared of this surface 
because data density in the eastern half of the study 
area is insufficient to show surface features. However, 

the final pre-Cretaceous topography is indicated at least 
in part by the isopach of the Hosston Formation, the 
initial Cretaceous deposit (Fig. 4 ) . 

Hosston Deposition 
The Hosston Formation in the western half of the 

study area consists of "calcite cemented sands and 
gravels interbedded locally with variegated shales" 
(Holloway, 1961, p. 16). To the east the Hosston 
Formation intertongues with sands and shales of more 
basinal facies of Travis Peak deposition. This inter-
tonguing has been interpreted (Holloway, 1961, p. 19) 
as minor transgressions and regressions of the Cre
taceous seas. However both lithology and basin-craton 
correlations suggest that such intertonguing may repre
sent lateral migration of fluvial systems across a sub
siding platform. 

The Hosston isopach (Fig. 5) can be divided into 
two major divisions: A western half of more or less 
uniform thickness, and an eastern half consisting of 
a rapidly eastward thickening wedge of sediments. 
This isopach suggests that the depositional surface 
remained essentially horizontal during subsidence of the 
East Texas basin in Hosston time. While an implied 
assumption in the studies by Boone (1968) and Bain 
(1973) was that the early Cretaceous strand line 
was relatively close to Waco, the lithology of the 
Rodessa Formation of East Texas, a Travis Peak 
equivalent (Forgotson, 1957), suggests shallow 
goonal deposition (Fig. 6 ) . Thus, the strandline may 
have been far to the east of Waco, and initial basal 
sand deposition could be of fluvial origin throughout 
the area of study. The lithology of the lowermost 
Hosston Formation throughout the Waco region is 
strongly suggestive of fluvial deposition because of its 
coarse grain size and upward decrease in grain size. 

Five isopach anomalies occur in the Hosston Forma
tion (Fig. 4 ) . From north to south these are : The 
Meridian valley, McGregor high, Hamilton valley 
(Boone, 1968, p. 12), Belton high (Brown, 1968, p. 4 ) , 
and Rosebud basin. 

Both the Meridian and Hamilton valleys are incised 
across the interior zone of the Ouachita Fold Belt. 
East of the McGregor high, a remnant divide of the 
Wichita  the Hosston Formation thickens 
rapidly into the Rosebud basin suggesting rapid sub
sidence in that area during Hosston deposition. The 
regional depositional strike of the Hosston Formation 
is  with an eastward thickening of 10 feet per 
mile east of the McGregor high to 30 feet per mile at the 
margin of the Rosebud basin. If the effect of eastward 
thickening is subtracted from the Hosston isopach 
several residual thickness variations remain. These 
thickness variations are evident on the residual isopach 
where values indicate the difference between true values 
and values expected due to eastward thickening (i.e. 
positive values are local thick spots, negative values are 
local thins). The residual isopach of the Hosston 
Formation indicates a thinning in the vicinity of Waco 
and along the Ouachita Fold Belt and a thickening of 
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Fig . 3. Al t i tude of the base of the Cre taceous section. Modified from  P e r k i n s , and A lva rez ,  

wedges to the east and west (Fig. 5) . These values 
suggest regional uplift at Waco and along the Fold 
Belt, and subsidence both east and west of this zone 
during Hosston deposition. However, these values 

may also be interpreted in terms of general subsidence 
in a region characterized by a  upland along the 

 Fold Belt transected by several valleys and 
later buried by Hosston sediments. Thus the peculiar 
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F i g . 4. I sopach of the H o s s t o n F o r m a t i o n . 

residual isopach pattern may reflect initial topography 
rather than disturbance along the Fold Belt. The east
ward thickening wedge, however, can be explained only 
by subsidence during deposition. If the Hamilton valley 

and Meridian valley extended across the Ouachita Fold 
Belt and the associated anomalies are a result of valley 
incision in initial topography, then either subsidence in 
the east or uplift along the Balcones fault occurred after 
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Fig . 5. Res iduals of the H o s s t o n isopach. 

the Wichita Paleoplain developed and during Hosston 
deposition. This is evident since incised valleys are 
younger geomorphic features than a mature paleoplain. 

The structural uniformity of the dip section in 

southern McLennan County suggests that the Hosston 
Formation may best be described in terms of deposi-
tional wedges (Fig. 7) and that the depositional history 
may be divided into three   Formation of the 
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Fig . 6. Reg iona l cor re la t ion cross section. Prom Moste l ler , 1970, p. 12. 

Wichita Paleoplain, 2) rapid subsidence in the East followed by deposition of the marine  shales 
Texas basin with resultant deposition along the Ouachita and limestones. The Pearsall Formation is divided 
Fold Belt, and 3) subsequent transgression of Cre- into two lithologic members, the Cow Creek Limestone, 
taceous seas and deposition of marine sediments over a "cream to tan, oolitic to  sucrosic, slightly 
an irregular subaerial topography. The residual surface porous limestone which becomes sandy westward" 
based upon such a model (Fig. 8) shows additional (Holloway, 1961, p. 16), and the Hammet Shale, a 
anomalies which include a thin area slightly south of "gray shale with some cream, slightly oolitic crystalline 
the mouth of the Meridian valley and a thick region 
in the northeast corner of the area. 

In relation to the present pre-Cretaceous surface  
(Fig. 3 ) , the thick area to the northeast appears to be   
the result of faulting in the southeast along the margin   
and within the Rosebud basin. The thin area south 
of the mouth of Meridian valley may also be a product 
of faulting, but the small magnitude of the anomaly 
makes this unclear. 

 D E P O S I T I O N 
The  Limestone directly overlies the Hosston 

Sandstone and represents the first readily identified 
stage of marine deposition. The Sligo Limestone is 

Fig . 7. D i a g r a m m a t i c wes t - to -eas t c ross section of the H o s s t o n 
F o r m a t i o n . T h e H o s s t o n m a y be cons idered a series of three 
geomet r i c wedges . 
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F i g . 8. A d j u s t e d res iduals of the H o s s t o n  

limestone beds which becomes sandy westward" (Hol
 way, 1961, p. 16). During Pearsall time delivery of 

coarse  slowed, indicating marine transgression, 
strandline retreat westward, and possibly structural 

quiescence in the source area. 
The isopach map of the Pearsall deposits (Fig. 9) 

is readily divided into two  areas: 1) A western 
segment west of the Balcones fault zone that is essenti-
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F i g . 9. I sopach of t h e P e a r s a l l F o r m a t i o n . 

ally of uniform thickness, and 2) a gently thickening 
eastern wedge from the Balcones fault zone to the 
eastern margin of the study area. 

Superimposed upon the regional pattern are three 

major anomalies: 1) The Balcones hinge, an area of 
abrupt thickening, 2 ) the Mooreville thick, a linear 
feature of sudden thickening, and 3) The Lott thin, 
a northeast-southwest trending isopach feature parallel 
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F i g . 10. I sopach of the Hense l Sand . 

 the Balcones hinge. The Balcones hinge coincides 
with the zone of major thickening in the Hosston 
Formation, but is less well defined north and south 
of McLennan County. The thickening and latter com

paction is at least partly the effect of Hosston structure 
rather than structural depression during Pearsall time 
of the pre-Cretaceous  in the East Texas basin. 
The Mooreville thick and the Lott thin strongly sug-
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Fig . 11.  f r o m the top of the Hense l F o r m a t i o n t o the top of the H o s s t o n F o r m a t i o n . 

gest active faulting during deposition of Pearsall sedi
ments. The Mooreville thick is thus the product of 
nondeposition or erosion on  uplifted block. Evidence 
for such fault structure is largely in the form of the 

linear feature and orientation of these anomalies. Well 
log correlation within this zone and within the Pearsall 
Formation, particularly along the Balcones fault zone, 
is not adequate to define the actual nature or structural 
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origin of the features. 
Although the isopach of the overlying Hensel Forma

tion (Fig. 10) lacks readily obvious features in the 
areas of the Mooreville thick and the Lott thin, when 

the Hensel and Pearsall isopachs are combined these 
two features are even more pronounced (Fig. 11). 
The Balcones hinge disappears as a conspicuous  
when the efifect of eastward thickening is subtracted 
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F i g . 13. I sopach of the Glen Rose F o r m a t i o n . 

on the isopach residual (Fig. 12). However the two 
probable fault anomalies are still conspicuous, as are a 
regional thinning west and north of Waco and a thick
ening in the far southwest. 

Both the lithology of the Hensel Formation and the 
geometry of the depositional body suggest that Pearsall-
Hensel deposition took place during a time of general 
tectonic quiescence, and that the margin of marine 
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F i g . 21.  section of the s tudy a rea . 
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F i g . 14. Res idua l  of the Glen Rose F o r m a t i o n . 

deposition transgressed westward beyond the limit of 
this investigation. This was also a time of local adjust
ment along faults, possible gentle uplift west and north
west of Waco, and gentle subsidence to the southeast. 

The thickness and lithologic character of Hensel sedi
ments suggest that deposition was rapid, and tectonic 
activity was minimal. The same degree of activity may 
have been present during Hosston deposition, but the 
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F i g .  I sopach of the  Group . Do t t ed lines a r e supplementa l contours . 

unit thickness and regional thickening masked local 
changes. 

H E N S E L D E P O S I T I O N 
The Hensel Formation thickens toward the source 

area and thins eastward toward the marine basin. 
Hensel deposition represents a renewed activity in the 
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source area. Both the isopach character and the 
 of the Hensel Formation suggest strandline 

deposition. Because of this, the eastward thinning is 
probably not significant. Further , it may represent 

relatively fast deposition over an essentially horizontal 
surface. Hence the Hensel Sand is normally considered 
a facies of the Pearsall Formation, and the two are 
here considered as a unit. The Hensel isopach (Fig. 10) 
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F i g . 17.  f r o m the base of the A u s t i n F o r m a t i o n t o the top of the G e o r g e t o w n F o r m a t i o n . D o t t e d lines a re supplementa l 
contours . 

reveals four   The Meridian thick directly 
over the Meridian valley mapped in the Hosston 
isopach; 2) the West thick, near the town of W e s t ; 
3) the Waco platform, a broad area of constant thick

ness; and 4) the Gatesville thick west of the Hosston-
McGregor high. 

Since the Hensel Formation is a thin unit, deposi-
tional variations would be more conspicuous than in 
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F i g . 18. I sopach of the A u s t i n F o r m a t i o n . 

thicker units. Therefore, these  may represent 
different depositional environments and not the effect 
of tectonic activity. Nevertheless, the configuration of 
the Hensel Formation may reflect  terrain 

and may suggest tectonic activity in areas of rapid 
 change. 

Note particularly that the anomalies do not follow 
the suggested topography of the pre-Cretaceous  
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evidence that by Hensel time most of the original 
topography was buried. The Meridian and Gatesville 
thicks  represent   environ
ments but their proximity to the edge of control makes 
further interpretation difficult. The West thick is 
coincident with the incised Meridian valley mapped in 
the Hosston isopach, but it also directly overlies a 
major down-to-the-coast Balcones fault. The thin area 
to the southeast may overlie an upthrown block. The 
Waco platform consists of broad lobes extending in 
all directions. The uniformity of the Hensel Formation 
suggests deposition during a time of tectonic quiescence, 
or rapid deposition along a strandline over a short 
period of time. The thinning in the southeast implies 
the presence of deeper water and hence the end of 
transport of the coarser Hensel deposits. The anomalies 
are probably depositional in origin, but their coincidence 
with known basement structure also suggests that they 
may be of tectonic origin. 

G L E N R O S E D E P O S I T I O N 
The Glen Rose Formation conformably overlies the 

Hosston sands. It consists largely of limestone and 
is the first indication of major marine transgression 
across the study area. I t grades from sandy limestone 
on the west to dense limestone and shale on the east. 
Since limestone deposition is usually slower than that 
of coarse  the deposition of the Glen Rose 
Limestone was slower than that of the Hosston or 
Hensel sands and, therefore, represents more time per 
foot of sediment than previous units. It is also a very 
thick unit. Therefore, the time represented by the Glen 
Rose Limestone is greater than the time represented 
by the other isopach units. 

The Glen Rose Formation was mapped as a single 
unit because no easily recognizable marker horizon 
within the section extends completely across the area. 
This large mapped interval tends to mask minor 
intermittent local movements and changes in thickness, 
the evidence of structural disturbance or depositional 
lobes. Even so, several features are visible on the 
Glen Rose isopach (Fig. 13). 

The map of the Glen Rose Formation is readily 
divided into two major parts as  A n area of 
gentle thickening from the western margin of the map 
to the latitude of Waco, and a more rapid thickening 
eastward to the eastern margin of the region. The line 
of flexure separating the gentle thickening from the 
rapid thickening is displaced slightly east of Waco and 
to the axis of thickening in the Hosston Formation. 
Again the effect of eastward wedging was subtracted 
to emphasize minor local anomalies. The residuals 
(Fig. 14) show few anomalies other than a northeast-
trending thin along the southern axis of Balcones 
faulting. In general, the margin of the East Texas 
basin seems to have prograded eastward almost to the 
eastern edge of the study area. The line of inflection 
is indicated by the zero contour. This suggests that 
the shape of the Glen Rose Formation approximates a 
geometric wedge. Any tectonic movement during Glen 
Rose deposition was confined to areas east of the study 
area, perhaps along the  fault zone. 

 D E P O S I T I O N 
The Fredericksburg Group consists of four forma-

SUMMARY TYPE SECTIONS 

I LEWIS MARTIN I EAST BELL 

F i g . 19. S u m m a r y type sections. 
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tions, from base to  the Paluxy Sandstone, the 
Walnut Clay, the Comanche Peak Limestone, and the 
Edwards Limestone. It is the most uniform in 
ologic character and thickness of all the mapped in
tervals of this investigation. The sedimentary strike 
of  (Fig. 15) is to the east of the older forma
tions such as the Glen Rose at  (Fig. 13). The 
consistent lithology and the isopach constancy of the 
Fredericksburg  suggest that little tectonic activ
ity occurred during deposition of this unit. Thickness 
anomalies in the section are small and consist of a 
slight thickening north of Waco and a thickened lobe 
that extends from the southeast corner of the study area 
toward Temple. Because neither anomaly exceeds SO 
feet in thickness, they may represent depositional varia
tions rather than tectonic activity. The orientation of 
the Temple lobe is consistent with the Belton high and 
may be part of that structure. However, because they 
are of such small magnitude they have minor significance 
to this study. 

 D E P O S I T I O N 
Post-Fredericksburg rocks are exposed only over the 

eastern half of the Waco region and the interpretation 
of structural evolution is confined to that area. How
ever, lithologic character can be an indicator of regional 
tectonic activity and the basis for some conclusions. 

The Georgetown Limestone overlies the Edwards 
Limestone in the area. Within this region it has a 
general north to northwest strike (Fig. 16), at variance 
with the sedimentary strikes of older units. Southward 

thinning of the Georgetown Limestone takes place 
largely as a result of thinning of shale units (Brown, 
1968, p. 24) which suggests a northward source. The 
greater abundance of coarser  to the north also 
suggests a source far to the north of the Waco region. 
The northwest depositional strike suggests that uplift 
occurred  the south near the Belton high during 
Georgetown deposition. 

Overlying the Georgetown Formation is a thicker 
shale section consisting of Del Rio, Woodbine, Pepper 
Formations and the Eagle Ford Group. These are 
grouped together in one isopach map (Fig. 17). These 
shale units appear to be more or less uniform over 
the study area. Again the units thin toward the south
east corner. Isopach variations suggest uplift to the 
north and rapid subsidence to the south and southeast 
of the study area, perhaps in conjunction with renewed 
activity along fault planes. 

The Del Rio-Eagle Ford shale section is overlain by 
the Austin Chalk Formation, a remarkably uniform 
unit consisting largely of chalk and thin marl beds. 
Isopach relationships in the Austin Chalk (Fig. 18) 
indicate local uplift in northern Falls County where 
the chalk thins to 175 feet by loss of uppermost beds. 
The Austin Chalk thickens northward to 300 feet in 
southern Hill County. Generally, individual beds in 
the Austin Chalk are of uniform thickness and can be 
traced along strike over the entire region. However, 
correlations of lower Austin Chalk units between 
widely separated wells (Fig. 19) suggest that sedimen
tation was more rapid in the north. 

MODEL OF CRETACEOUS DEPOSITION, 
WACO REGION 

Previous isopachs present snapshots of structural 
disturbance during deposition of each unit. Considered 
together they suggest an initial Cretaceous episode of 
tectonic activity gradually diminishing through Fred
ericksburg deposition. A second episode begins with 
Georgetown deposition and increases through Austin 
time. Regionally, the activity is reflected as a subsiding 
surface with the gulfward edge subsiding most rapidly. 
Therefore, a given isopach will be the sum of this 
regional thickening common and consistent on all iso
pachs as well as a local thickening and thinning peculiar 
to that particular isopach. Local thickening and thin
ning can further be divided into minor anomalies, the 
local thicks and thins and major isopach geometry, i.e., 
the southeastward thinning of the Eagle Ford-Pepper-
Woodbine units. 

In a similar manner, mechanisms leading to structual 
warping of the area consist of regional (in both space 
and time) and local components. In an area where 
regional mechanisms are dominant, one expects con
sistent trends in consecutive isopachs. If the general 
geometry of regional isopach thickening is known, the 
magnitude of the regional component may be calculated 
for each isopach. 

For the Waco region it is assumed that the regional 

component of each isopach interval can be closely ap
proximated as the sum of two wedges (Fig. 20) . This 
intraformation model assumes that all deposition is a 
result of subsidence, and that all subsidence is from 
a plane with a loosely-fixed hinge point. The top wedge 
is a constant on all intervals, while the bottom wedge 
(c and  Fig. 20) varies in thickness in relation to r, 

W E 

 P, 

Fig . 20. D i a g r a m m a t i c wes t - to -eas t cross sect ion of t h e d a t a 
exp la ined by the i n t r a f o r m a t i o n model . T h e to ta l th ickness 
is the sum of a cons tan t w e d g e and a w e d g e defined by the 
isopach p a r a m e t e r . T h e g r e a t e r the isopach p a r a m e t e r , t h e 
g r e a t e r wil l be the tota l thickness . 
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GLEN ROSE 

HENSEL 
PEARSALL 

H O S S T O N 

F i g . 22. S k e t c h of i n t r a f o r m a t i o n model r u n one  

a measure of the regional component associated with a 
given isopach interval. Thus r gives an indication of 
regional tectonism during deposition of the interval. 

The model equation is then of the form 
z   +    +  +  +   

where,  is the common thickness in all  
 and  are the average thickening in all intervals in 

the  and y   is the unit c in Figure  
 and  are the unit d in Figure  x is the distance 

in miles east of the southwest corner of the region; 
y is the distance in miles north of the southwest corner 
of the region; z is the total thickness of the interval 
in  and r is a measure of the regional tectonism 
during deposition of a given interval [r was determined 
by the least squares fit to equation ( 1 ) ] . 

For this least squares fit, isopach maps were divided 
by a ten mile grid, and the isopach values (z) at each 
grid point (x ,y) recorded for each isopach interval. 
Then a type section was chosen in the northwest corner 
of the study area, near the # 1 Lewis Martin well. 
Estimates of r were taken from that section. The 

gridded isopach values were divided into three over
lapping groups,  the Hosston, Hensel-Pearsall, Glen 
Rose, and Fredericksburg isopachs; 2) all thicknesses 
from all mapped intervals; and 3) thicknesses from the 
eastern half of the study area. A fourth group included 
the thicknesses directly from wells used in construction 
of the fence diagram (Fig. 21) . 

For each data group equation (1) was least squares 
fit to the data, varying  through  and r for optimum 
fit. Then (x,y) values of one or more grid points were 
varied to optimize the fit. This allowed the wedge to 
"bend" slightly. 

Data group one fits the model well. The constant 
terms  pa, and  are essentially zero indicating that 
when regional activity was minimal, the isopach has no 
regional thickness component. The subsiding surface 
was a plane hinged 32 miles west of the southwest corner 
of the study area and striking  (Fig. 22) . The 
regional activity was greatest during Glen Rose time 
and the least during Hensel-Pearsall time. 

For experiments two  four the results are 
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T A B L E 1. P A R A M E T E R S F O R I N T R A F O R M A T I O N M O D E L 

R u n 
no. In t e rva l s 

 
f t / m i 

 
f t / m i 

 
f t / m i 

 
f t 

 
f t / m i K h o K h e  

 
K e d K g t K s h K a u 

1 K h o ,  K g t ,  -8.4 -.20 .10 202. 6.11 -2.27 1.44 .67 1.97 1 

2  i sopachs -91.2 -1.36 2.72 253. 7.26 -3.83 1.41 .70  1 .59 1.02 .67 

3 eas t a r ea 122. -7.43   13.96 -6.57 1.87 .75 1.94 1 .64 1.09 .71 

4 c ross sect ion -13.9 .032 1.53 327. 2.33 -2.61 .52 1.80 1 .46 .82 .46 

P a r a m e t e r s fo r i n t r a f o r m a t i o n model .  p a r a m e t e r s have been a d j u s t e d to set r f o r the F r e d e r i c k s b u r g i sopach ( K e d ) t o uni ty . 

T A B L E 2. C O M P A R I S O N O F I N T R A F O R M A T I O N I S O P A C H M O D E L 
A N D L E A S T S Q U A R E S F I T O F A W E D G E T O E A C H I S O P A C H 

F o r m a t i o n 

I S O P A C H F I T S 

  Ps m e a n 
square 
e r r o r 

F r a t i o 

I N T R A F O R M A T I O N M O D E L 

  Pa 

f t / m i f t / m i f t 

f t / m i f t / m i f t f t  

Austin -.85 1.33 254.44 2441 235 

E a g l e F o r d - D e l R i o 7.81 2.44 -26.00  363 

G e o r g e t o w n 3.61 .96 11.62 661 687 

F r e d e r i c k s b u r g 1.14 -1.13 348.03 346 4378 5.91 -2.17 193.60 

Glen R o s e 8.36 -2.86 468. 1409 4872 11.84 -4.37 389.54 

H e n s e l - P e a r s a l l 2.655 -.44  1651 479 3.89 -1.42 126.94 

H o s s t o n 16.17 6.80 114.09 47028 90 8.59 -3.17 282.48 

D a t a fo r i n t r a f o r m a t i o n model f r o m r u n 1 ( T a b l e 1 ) . A l l da t a  t o f i t t h e e q u a t i o n :  +  + P3   W h e r e x , y, and 
z a r e as in T a b l e 1, and   pa a r e g iven in T a b l e 2. 

questionable. Although the model is mathematically activity (the amount of disturbance per foot of sedi-
correct it is difficult to interpret the results. Run four, ment) in each interval (Koch and Link, 1970, p. 137). 
based upon data from the fence diagram (Fig. 21) , Of the units studied, the Hosston Formation shows the 
shows anomalous values for all parameters indicating largest disturbance, followed by the Del Rio-Eagle Ford 
poor equivalence between the fence diagram and the section, the Austin Formation, the Glen Rose Forma-
isopach maps, perhaps because of a poor choice of wells. tion, the Hensel-Pearsall Formation, the Georgetown 
Run two is too complex to interpret, since the lower Formation, and the Fredericksburg Group. The mea-
units extend across the entire study area, and the upper sure of activity, however, indicates that the high value 
three units occupy only the eastern half. Run three is for the Glen Rose Formation is attributable to its large 
interesting when compared to Run one. The "hinge total thickness. Note that the activity decreases con-
point" of the subsiding surface in Run three is 13 tinuously from Hosston Formation to Fredericksburg 
miles east of the southwest corner and 45 miles east Group and increases continuously from Georgetown 
of the hinge line of Run one. Formation to Austin Formation. 

A second model, the isopach model, was developed A comparison of the intraformation model (Fig. 22) 
to estimate the local structural disturbance during and isopach model shows that the major difference 
deposition of each isopach interval. Here it is assumed between the two is in the Glen Rose interval. The 
that each interval approximates a geometric wedge, intraformation model predicts substantial southeast 
except for areas of local disturbance, and that wedge thickening, the isopach model does not. Hence, the 
thickness is given by equation (2) as  assumption of the intraformation model, that isopach 

z   -|-    (2 ) wedging is an increasing function of average formation 
where, z is unit thickness; x and y are geographic thickness, may be wrong. 
coordinates as in equation (1) ; and  through  are The isopach model (Fig. 23) provides a good gen-
parameters of the wedge for each isopach interval.  of regional isopach features. The uniformity 
Then, a measure of the deviation from the wedge is the of the section from the end of Hosston time to the end 
mean square of the total residual (Table  Appendix of Fredericksburg time is in contrast with post Fred-

 The inverse of the F-ratio gives a measure of the ericksburg units. 
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RELATIONSHIP BETWEEN STRUCTURAL EVOLUTION OF 
THE WACO REGION AND BALCONES FAULTING 

Previous investigations (Goodson, 1965, p. 3-20) of pre-Cretaceous surface was passive and served only as 
Balcones faulting have suggested two possible mecha- a glide plane over which Cretaceous rocks moved 
nisms of fault origin, 1) that there was an active under gravity creating faults. From theoretical con-
pre-Cretaceous surface  which Cretaceous faulting siderations, examination of small displacement faults in 
is a continuation of Ouachita activity, and 2) that the the Austin Chalk in the Waco region and the isopach 
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Fig . 24. S t ress t r a j e c t o r i e s and possible f au l t planes. 
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information, it appears that 1) some faults may have 
been active during Pearsall-Hensel time, and perhaps 
during Hosston t ime; 2) there is little evidence for 
large displacement faulting following Glen Rose time, 
up to Austin time at Waco ; 3) small displacement 
faults  the Austin Chalk are probably growth faults, 
die out within the Austin, and are a result of differential 
compaction within that  and 4) the line of flexure 
in the pre-Cretaceous surface may have concentrated 
faulting along that flexure line and thus be responsible 
for the Balcones fault zone. 

Faulting during Hosston deposition is suggested 
by the presence of the incised valleys. This suggests 
that the major Balcones down-to-the-coast faulting 
commenced just before  time, perhaps a result 
of the down warping along the East Texas basin, and 
continued during Pearsall time. The thin area of the 
Mooreville thin (Fig. 9 ) suggests either that there 
was active uplift along a basement fault, or that two 
grabens developed as the Hosston sediment compacted. 
After Hensel deposition, isopach character has little 
correlation with the basement  It appears 
that the major subsidence occurred during Hosston 
time and subsequent sedimentation prograded further 
and further into the basin until the end of Georgetown 
deposition. Post-Georgetown deposition suggests re
gional uplift centered southeast of Waco, probably 
along a broad upwarp of the Belton high. This may 

F i g .  F a u l t i n g in t h e A u s t i n  a long the Bosque R i v e r 
a t L o v e r s ' Leap , W a c o , T e x a s . N o t e t ha t t h e f au l t is a 
n o r m a l f au l t wh ich dies out d o w n w a r d . T h e fau l t p lane is 
cu rved in its lower extension. T h e dy ing out d o w n w a r d 
sugges ts the ef fec t of an incompeten t m a r l bed. T h e curved 
t r a ce of the f au l t is unusua l f o r f au l t s  t h e Bosque R i v e r 
a t W a c o . 

have been accompanied by renewed activity of the 
pre-Cretaceous surface which resulted in faulting 
through the Austin Chalk. 

Theoretical considerations of fracture, using the ap
proach by Hafner (1951) show fracture planes for 
various stress relationships (Fig. 24) . A constant 
vertical stress should produce two sets of fractures at 

 to the vertical. A vertical and horizontal stress 
relationship shown in the lower diagram of Figure 24 
will produce two sets of fractures, one becoming steeper 
with depth and one shallower with depth. 

Preliminary field evidence of faulting in the Austin 
Chalk along the Bosque River in Waco suggests that at 
least some of the faulting is contemporaneous (Figs. 
25, 26) and is in agreement with the theoretical models. 
Note that the faults do not die out into bedding plane 
faults, but simply stop. Geometry of the  faces 
suggests fracture and faulting with the development of 
two conjugate sets of fracture planes. The major prin
cipal stress was vertical and minor principal stress was 
horizontal with the clifif face (Figs. 24, 27) . Fracturing 
of this type may have been caused by uplift which 
occurred after Austin deposition and  The 
upward dying out of faults suggests a minor hiatus in 
deposition. Downward dying out into a marl bed 
suggests the effect of a particularly incompetent bed, 
perhaps from high pore pressure. 

Fig . 26. G r o w t h f au l t i ng in the A u s t i n  a l o n g the Bosque 
R i v e r a t W a c o . T h i s is the g r o w t h fau l t ment ioned by Goodson 
(196S) . I t has a re la t ive ly cons tan t d isp lacement u p t o about 
a t h i rd of the w a y u p the cliff face. T h e n it begins t o die ou t 
to z e r o d isp lacement h a l f w a y u p the cliff. A f r a c t u r e p lane 
associa ted w i th the fau l t ex t ends nea r ly to the t op of the cliff. 
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Fig. 27.  f e a t u r e s in t h e c l i f f s  t h e  R i v e r 
a t W a c o caused by f r a c t u r e zones. T h e w e a t h e r i n g of the 
Aus t in Cha lk he re emphasizes f r a c t u r e planes wi th in the Aus t in . 
T h e planes in tersec t a t  t o the vert icle, sugges t ing f r a c t u r e 
due to ver t ica l s tresses. T h e angle of the faces of the r een t r an t s 
is cons tan t f o r several h u n d r e d y a r d s a long the base of Love r s ' 
Leap , and is a classic example of t h e re la t ion be tween m a j o r 
s t ress and planes of f r a c t u r e . 

RECOMMENDATIONS 

1. Although the question of origin and mechanics 
may be  partially on local scale, it is 
difficult to relate to other regional activity. A 
regional study (on the order of 500 miles) should 
be initiated in order to define Balcones faulting 
and relate it to the general structural evolution of 
Texas. 

2. The times of faulting previously suggested vary 
widely depending on the location where the faulting 
is described. A few detailed cross sections through 
areas of known faulting might well determine the 
ages of faulting throughout the length of the 
Balcones fault zone. 

3. For greatest effectiveness, the current study should 
be extended at least one degree more in an east-

CONCLUSIONS 

1. The initial pre-Cretaceous surface was of low 
relief. Rapid subsidence in the East Texas basin 
occurred during early Hosston time. Nickpoints 
apparently developed at the cratonic margins, 
either a result of sudden subsidence or fault dis
placement along that line during Hosston time. 

2. During Hensel-Pearsall time, local readjustment 
along faults occurred. Faulting along the basin 
margin may account for some variations  thick
nesses characterized by linear isopach features. 

3. During Glen Rose time sedimentation prograded 
further southward. Any local movements along 
faults are masked by the extreme thickness of the 
section. 

4. Fredericksburg deposition was a period of regional 
quiescence. 

5. The change in depositional strike of the George
town Formation suggests that centers of activity 
shifted between Fredericksburg and Georgetown 
time. 

6. All shales from the Del Rio to the Eagle Ford 
thicken rapidly in the east and southeast corner 
of the study area, suggesting renewed subsidence 
and associated faulting during that period. 

7. The Austin Formation thins southeast of Waco 
principally by omission of the top beds, sugges
tive evidence of  arching and 
erosion. 

8. The concept of a Cretaceous hinge line may be in 
error. Deposition was apparently prograding into 
the East Texas basin. 

9. At least some of the small displacement faults in 
the Austin Formation are growth faults. 

10. Local tectonic activity decreased continuously from 
Hosston to Fredericksburg time. Beginning with 
Georgetown deposition it increased continuously 
through Austin time. 

FOR FURTHER STUDY 

west direction  order to determine more precisely 
the role of the East Texas basin on sedimentation, 
to relate the movements of the  and 
Balcones faults, and to determine the nature of 
the intervening graben. 

4. The geometry of the major Balcones faults 
and fractures should be determined by air photo 
analysis and field confirmation. Then theoretical 
studies of faulting may be compared with the 
results. A theoretical study by finite element 
analysis should be made on the effect of the topog
raphy and rate of compaction on fracturing. 

5. Reliable markers in the shale sections need to be 
defined. Much of the local movement may be 
concealed in such sections. 
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APPENDIX  

F O R T R A N P R O G R A M T O C A L C U L A T E A N D P L O T MAJOR A N D M I N O R P R I N C I P A L S T R E S S 

T R A J E C T O R I E S G I V E N A N Y A I R Y S T R E S S F U N C T I O N 

The calculation and plotting of stress trajectories by multiple cards and read in statement 150. Following 
hand is a long and tedious procedure and discourages  data is the size of the block considered and 
experimentation. A F O R T R A N program was de- read in statement 160. The program calculates the 
veloped for this study to speed and simplify the process. various derivatives numerically using six point dif-
The desired Airy stress function, the coefficients of the ference equations. However it does not check to see 
function, and the area over which calculation proceeds that the biharmonic function  is  
is input to the program. The program outputs a  This is left to the user. 
of major and minor principal stress trajectories. Because the program does not calculate the major 

In general the routine is simple and the programmer and minor principal stress vectors directly, but just 
familiar with scientific F O R T R A N and elementary the direction of the vector, it is necessary for the user 
numerical analysis should have little difficulty in  to determine which set of trajectories (periods or 
lowing the procedure. The Airy stress function is placed commas) is the major stress trajectory. The label at 
in statements  in standard F O R T R A N nota- the top of the print out may be in  
tion. The values for the coefficients are punched onto 

APPENDIX  

P R O C E D U R E S F O R M O D E L O F C R E T A C E O U S D E P O S I T I O N 

Two models for Cretaceous deposition were con
sidered in the study 1) a least squares fit of a simple 
wedge to each isopach interval (the isopach model), 
and 2) a non-linear least squares fit of equation (1 ) to 
all intervals simultaneously (the intraformation model) . 
In preparation for both models, a ten-mile grid was 
superimposed on each isopach map, and the coordinates 

 and y and the thickness in feet, z, recorded for each 
grid point. The coordinate information was originally 
recorded  inches from the southwest corner of the 
map area, and later converted to scale miles. A type 
section was chosen near the # 1 Lewis Martin well. The 
thickness of the given formation at the type locality 
was recorded as a fourth parameter for each data point 
of the given formation. 

The formations were first considered singly. The 
simple wedge fit was done using standard multiple 
linear stepwise regression computer program BMD02R 
(Dixon, 1973, p. 305-330). The wedge described by 
this fit was contoured on tracing paper to the same scale 
as the base map. Then the wedge was subtracted from 
the original isopach and the residual values contoured 
to produce the various residual maps. When the simple 
wedge was not an adequate generalization of the data 
(as  the case of the Hosston Formation) an arbitrary 
dip section was chosen in the center of the area. Then 

the contours of the wedge were moved to match the 
t rue values along the dip section. The strike of the 
wedge contours was not changed. The modified wedge 
contours were then subtracted from the true contours. 

The non-linear generalized fit to all isopach intervals 
was done with a modified version of standard non
linear least squares regression model BMD07R (Dixon, 
1973, p. 387-396). The least squares program was 
modified to vary input independent variables in a 
systematic manner to improve the fit to equation ( 1 ) . 
An initial fit is made to the data and the coefficients 
for the equation printed. Then the isopach parameter, 
the fourth parameter ( r ) , is varied for each formation 
to minimize the error mean square of the fit. Then the 
process is repeated, least squares fitting the data with 
the modified parameter and printing the coefficients for 
the equation. This continues for fifty itinerations. By 
that time the process converges and no further improve
ments in the fit are possible by modifying r. The pro
cedure now begins modifying the x values. All grid 
columns are moved together so that the final coordinate 
points will fall on an irregularly spaced grid. After 
fifty itinerations the y values are modified  the same 
manner. This in effect is allowing a slight flexibility 
to the wedge. In practice the modification of x and y 
values improved the fit very little. 

 p r in t ou t f o r each of these p r o g r a m s is avai lable f o r 
r ep roduc t ion costs f r o m the D e p a r t m e n t of Geology, Bay lo r 
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APPENDIX III 
W E L L I N D E X 

B E L L C O U N T Y 

1. # 1 E d  R a l p h R o b e r t s 
2. # 1 C u r b F e e Gi lchres t D r i l l i n g Co. 
3. # 1 Mass ie Shel l Oil Co. 
4. # 1 T . E . Sande fo rd J . L. M e y e r s 
5. # 1 D o g R idge W S C J . L. M e y e r s 
6. # 1  H o l l o w D a m W a r d & W a r d 
7. # 4 Ci ty of  J . L . M e y e r s 
8. # 1 H o w a r d A. B. J o h n s o n 
9. # 1 Lee Casey A . S. H u d g e n s 

10. # 2 T e m p l e A i r p o r t J . L. M e y e r s 
11. # 1 Pend le ton W S C W e s t T e x a s T o o l 
12. # 1 P e p p e r s C reek C. M . S t o n e r 
13. # 1 T e m p l e L a k e P a r k J . L . M e y e r s 
14. # 1 Bel ton D a m T e x a s W a t e r W e l l s 

 # 3 Ci ty of T e m p l e L a y n e T e x a s Co. 
16. # 1 T a y l o r B e d d i n g L a y n e T e x a s Co. 
17. # 1 B r a z o s R i v e r E l e c t r i c C o - O p J . L . M e y e r s 
18. # 2 City of Bel ton J . L. M e y e r s 
19. # 2 City of T e m p l e J . L . M e y e r s 
20. # 1 A c r e s W S C T r i a n g l e P u m p Co. 
21. # 1 J . W . M a r r s J . L . M e y e r s 
22. # 1  J . L . M e y e r s 
23. # 1 E . Bell W S C W e s t T e x a s Too l s 
24. T e x . well no. A X 58-05-202 from  P e r k i n s , and A l v a r e z  p. 28, 29, 32. 

 # 1 O & B W S C J . L. M e y e r s 
26. # 1 A l t e r R a n c h T . D . M e a c h a m ? 
27. # 1 Leona P a r k V . O. W a r d 
28. # 1 Cedar R i d g e P a r k V . O. W a r d 
29. # 1  W S C C. M. S tone r 
30. # 1 T e m p l e L a k e P a r k J . L . M e y e r s 
31. # 2 R o d g e r s P a r k A d a m s D r i l l i n g Co. 
32. # 1 H a r v e y Bacon Fa l con D r i l l i n g Co. 
33. # 1 W i n e f o r d Cospe r J . B. S a r g u h a n s o n 
34. # 1 L ive O a k R i d g e P a r k J . L. M e y e r s 
35. # 3 Ci ty of Bel ton ? 
36. # 1 T a y l o r s Va l l ey W S C W e s t T e x a s T o o l s 
37. # 4 Ci ty of T e m p l e J . L. M e y e r s 
38. # 1 R a l p h W i l s o n P las t i c s T e x a s W a t e r W e l l s 

B O S Q U E C O U N T Y 

1. # 3 Ci ty of M e r i d i a n C. M S t o n e r 
2. # 1 C. G. Golden ? 
3. N . P . Powel l , H i l l H o u s e J . L. M e y e r s 
4. # 2 M e a d o w P a s t u r e N . P . Powe l l R a n c h J . L . M e y e r s 

 # 1 M r s . George A d a m s C. M . S tone r 
6. # 1 E d w i n M c M i l l e n F r a n k B a k e r P l a c e 
7. # 1 Cedron Creek P a r k U . S. Corps Eng . , W a t t s D r i l l i n g Co. 
8. # 1 J . W . H e n r y O. C. Prof f i t t 
9. # 1 Clanton A m e r i c a n L i b e r t y Oi l 

10. # 1 H e r b e r t Re i che r t A m e r i c a n L i b e r t y Oi l 
11. # 1 L a k e W h i t n e y E n t e r p r i s e s J . L M e y e r s 
12. # 1  M o o r e Shel l Oil Co. 
13. # 2 El l ie M o o r e Shel l Oil Co. 
14. # 1 M a t t h e w s Shel l  Co. 
15. # 1 E u g e n e Al l en R u f u s S m i t h 
16. # 1 E . R .  R u f u s S m i t h 
17. # 1 R . T . G r e e n w a y Sou th land Oil and A m e r i c a n L ibe r ty  
18. # 1 Moshe im W S C H . M e a d o w s 

C O R Y E L L C O U N T Y 

1. # 1  W S C J . L . M e y e r s 
2. # 1 V . L . T u r n e r Gulf Oi l Co. 
3. # 4 Gatesvi l le School L a y n e T e x a s Co. 
4. # 1 M o u n t a i n W S C J o n e s D r i l l i n g and J a m e s A d a m s 
5. # 1 F o r t Ga tes W S C J . B. F e r g u s o n 
6. # 1 Oglesby W S C K e y W a t e r W e l l D r i l l i n g Co. 
7. # 1 E a r n e s t D a y Genera l C r u d e Oi l Co. 
8. # 1 F l a t W S C H . M e a d o w s 
9. # 1 Grove W S C H . M e a d o w s 

10. # 1 R a b b e Shel l Oi l Co. 
 # 1 T h o m a s Y o u n g N. H . S c h w a l d and S u g a r l o a d M t n . Oi l 
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F A L L S C O U N T Y 

L # 1 P e r r y W S C 
2. # 1  W S C 
3. # 1 Gi l l iam 
4. # 1 N . D.  

 # 1  W S C 
6. # 2 Ci ty of Chi l ton ( ? ) 

 7. # 1  W S C 
8. # 1 C. L. T r i c e 
9. # 1 L e e Casey 

10. # 1 W e s t p h a l i a W S C 
 # 2 E m m a P i e p e r 

12. # 1 E l e a n o r Ca r ro l l 
13. # 1 Vo l t i n 
14. # 1 J . A . Cobb 

 # 1  H o t W e l l s Co. 
16. # 1 J . B. Sco t t 
17. # 1  
18. # 1 A v e r y 
19. # 1 H a r r i s o n 
20. # 1 D. V . Doskoci l 
21. # 1  
22. # 1 J . G. B a r g a n i e r 
23. # 1 Guder ian E s t a t e 
24. # 1 H e r m a n W e i t i n g 

 # 1 P o r t e r 
26. # 1 Mi tche l l 
27. # 1 J . E . G r e e n 

H I L L C O U N T Y 

1. # 1  A c r e s 
2.  W e b b W e l l , Ci ty of H i l l s b o r o ( ?) 
3. # 1 Cer ta in teed P r o d u c t s 
4. # 1 6 Sambo-Cur t i s , Ci ty of H i l l s b o r o 
5. # A - 1 P o s e y 
6. # 1 4 Ci ty of H i l l s b o r o 
7. # 1 Hi l l Co. W S C 
8. U . S. Corps E n g . L a k e W h i t n e y 
9. # 1 S h a n n o n 

10. # 1 M i x o n 
11. # 1 S h a n n o n 
12. # 1  W S C 
13. # 1 H . N o r r i s 
14. # 1  W S C 

 # 1 Ci ty of A b b o t t 
16. # 1 C h a t t W S C 
17. # 1 Ma lone W S C 
18. # 1 Lewis M a r t i n 
19. # 1 Pene lope W S C 
20. # 1 B i r o m e W S C 
21. # 1 Ci ty of Mt . Ca lm 
22. # 1 V a s b u r g 
23. # 1 M c D a n i e l 
24.  H i g h t 

 # 1 E . W . B a r r e t t 
26. # 2 Ci ty of H u b b a r d 
27. # 2 E a s t e r D o h e r t y 
28. # 1 B r a n d o n - I r e n e W S C 
29. # 1 J o h n Gerek 
30. # 1 C a r t r i g h t 
31. # 1 G r a n t 

L I M E S T O N E C O U N T Y 

1. # 1 P r a i r i e H i l l W S C 
2. # 1 U n i o n Cen t ra l L i f e Ins . 
3. # 1 W . D . S tone 
4. # 1 J . C. R o d g e r s 

 # 1 J . R . Gi l l iam 
6. # 1 J a c k s o n 
8. # 1 P a u l Col l ins 
9. # 1 J . J . B o w e r 

M c L E N N A N C O U N T Y 

1. # 1 C o t t o n w o o d W S C 
2. # 3 Ci ty of W e s t 
3. # 1 H i l l t op W S C 
4. # 1 Bold S p r i n g s W S C 
5. # 1  W S C 

J . L . M e y e r s 
J . L . M e y e r s 
C o c k b u r n & Gil l iam 
H . C. C o c k b u r n & Z e p h y r Oi l Co. 
W e s t T e x a s T o o l s 
H . B. Glass 
K e y W a t e r W e l l Dr i l l i ng 
M a u r y H u g h e s 
A . S. H u d g e n s 
J . L. M e y e r s 
H u m b l e Oi l Co. 
H u m b l e Oi l Co. 
W . P . L u s e 
D e l h i - T a y l o r Oi l Co. 
H . G. J o h n s o n 
H . E . Ra i l s 
Sha l low Sands Oi l Co. 
Absh i e r & Jones 
Ace Oil Co. & R a y H o l b e r t 
A . D e l c a m b r e 
E . F l e t c h e r 

 Goodson 
H a m i l t o n et  
J . J ackson & M. Mays , J r . 
P e r k i n s 
M i d - S t a t e s Oil Co. 
Seaboard Oi l Co. of D e l a w a r e 

C. M . S tone r 
L a y n e T e x a s (1947) 
L a y n e T e x a s 
T e x a s W a t e r W e l l s (1961) 
Ph i l l i p s P e t r o l . 
Layne T e x a s  
J . L. M e y e r s 
W a t t s D r i l l i n g Co. 
B r a n d o n Oi l ( l o c a t i o n ? ) 
J . L. M e y e r s 
B r a n d o n Oi l ( l o c a t i o n ? ) 
J . L . M e y e r s (1960) 
A . P . M e r r i t 
C. M. S tone r 
J . L . M e y e r s 
J . L. M e y e r s 
J . L . M e y e r s 
G e o r g e  
J . L. M e y e r s 
W e s t T e x a s T o o l 
W e s t T e x a s Too l 
A . O. Ph i l l ips & A m e r i c a n L ibe r ty Oil 
Glen M c C a r t h y 
C. A . L e e 
Shell Oi l Co. 
J . L . M e y e r s 
Jo seph T h o m p s o n 
J . L . M e y e r s 
R o b e r t M . Bass 
C a m t e x Oil Co. 
D a v i d s o n & F i t z p a t r i c k 

J . L . M e y e r s 
H u n t Oi l 
O. W . K i l l i am 
M . M. Mi l l e r 

 D r i l l i n g Co. 
Ba lcones Oi l 
R a l p h Spence 
J . S. Cosden 

W e s t T e x a s T o o l 
J . L . M e y e r s (1953) 
J . L. M e y e r s 
C. M. S tone r 
L a y n e T e x a s T o o l 
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6. # 1 Ross W S C H , B. Glass 
7. # 1 R . F . F e r g u s o n S imon K o r s o j 
8. # 1 J . R . P a t t e r s o n J .  M e y e r s 
9. # 1  W S C J . L. M e y e r s 

10. # 2 M c L e n n a n County  J . L. M e y e r s 
11. # 1 Cha lk Bluff W S C H . B. Glass 
12. # 1 L a k e v i e w School J . L. M e y e r s 
13. # 3 Ci ty of L a c y - L a k e v i e w J . L. M e y e r s 
14. # 1 S ta te of T e x a s L a y n e T e x a s  

 # 1 T i r e y J . L. M e y e r s 
16. # 1 P l a n t a t i o n F o o d s S m i t h and B r a d s h a w P u m p Co. 
17. # 2 City of Be l lmead J .  M e y e r s (1949) 
18. # 1 P u r e M i l k Co. J .  M e y e r s 

19. # 1 Genera l T i r e L a y n e T e x a s  
20. Ci ty of W a c o J . L. M e y e r s (1958) 
21. Ci ty of W a c o J . L. Meye r s (1949) 
22. T e x .  no. A X 40-32-405 from  P e r k i n s , a n d A l v a r e z (1975) p. 28, 29, 32. 
23. # 1 Colcord L a u n d r y J . L. M e y e r s 
24.   W a c o J .  (1945) 
25. # 1 Mt . Ca rme l Cen te r J . L. M e y e r s 
26. # 1 O a k L a k e W S C J . L. M e y e r s 
27. T . P . & L. L a y n e T e x a s  
28. # 1 Ci ty of M a r t J . L . M e y e r s 
29. # 1 H & H W S C J . L. M e y e r s 
30. # 1 M e i r Se t t l ement W S C J . L . M e y e r s 
31. # 1 T . P . & L. L a k e c reek L a y n e T e x a s 
32. # 1 Riesel School J . L. M e y e r s 
33. # 1 F r e e m a n E . J . M u t h 
34. W . B. Bass and Sons H . M e a d o w s 
35. # 1 L a k e W a c o C o u n t r y Club C. M . S tone r 
36. # 1  H . M e a d o w s 
37. # 1 E a s t C r a w f o r d W S C T r i a n g l e P u m p Co. 
38. # 1 H e n r y M a t t l a g e J r . F a l c o n Oil 
39. # 1 H . C. M c K e t h a n R. C. S m i t h and Fa l con Oi l Co. 
40. # 1 Un ive r sa l A t l a s C e m e n t T e x a s W a t e r W e l l s 
41. # 1 M i d w a y W a t e r Co. C. M. S tone r 
42. # 1 M i d w a y School J . L. M e y e r s 
43. # 2 M i d w a y W a t e r Co. C. M. S t o n e r 
44. B r y a n - M a x w e l l - B r y a n L a y n e T e x a s 
45. # 1 D r . B a r n e s J . L. M e y e r s 
46. # 1 W a c o M e m o r i a l P a r k J . L. M e y e r s  
47. # 1 Chapel H i l l P a r k H . B. Glass 
48. # 1 W e l d o n Youngblood J . L. M e y e r s 
49. # 3 Robinson W S C , E . H . O ' D o w d J . L. M e y e r s (1961) 
50. # 1 M i c k e y O ' D o w d H . B. Glass 
51. # 1 Levi W S C W e s t T e x a s T o o l s 

 L o r e n a W S C J . L. M e y e r s 
53. # 1 M y r t l e T r i c e Beacon Oil 
54. # 2 J . B.  J . L. M e y e r s 
55. # 1 H o r s t m a n D e l t a D r i l l i n g 
56. # 4 Ci ty of M c G r e g o r H . M e a d o w s 
57. Ci ty of M o o d y J . L . M e y e r s 
58. # 1 E l m Creek W S C C. M . S tone r 
59. # 1 Roxe l l -Qu i l l en F r a n k P l a c e 
60. # E d M a z a n e c C. R . P r o c t o r 
61. # 1 D r . B r o u g h t o n J . L. M e y e r s 
62. # 1 S p r i n g Va l l ey C. M . S tone r 
63. # 1 H . M c K e t h a n R . C. S m i t h 
64. # 1 W i l l i s J e t Oi l 
65. # 1 H u r t H e l m 
66. # 1 S l a u g h t e r C a r a w a y 
67. # 1 M a e Be lche r S m i t h 
68. # 1 M i d w a y P a r k J . L. M e y e r s 
69. # 1 She lby J o e T h o m p s o n 
70. # 2 M i d w a y P a r k J . L. M e y e r s 
71. Ci ty of C r a w f o r d F u l t o n T . P l a c e 
72. # 1 W o r d l a n e S & H Oi l Co. 
73. # 2 T . P . & L. ( L a k e C r e e k ) L a y n e T e x a s Co. 
74. # 1 W a r d l a w M a x M c C o t t e r 

 # 1 B a r r o n H a m i l t o n & S m i t h 
76. # 1 A l f r e d B r e m S m i t h & B r e y e r 
77. # 1 H . C. B u c h a n n a n H . C. B u c h a n n a n 
78. # 1 G o o d m a n D a v i s D r i l l i n g 
79. # 1 H . H o w a r d Genera l C r u d e 
80. # 1 J . M. T h o m p s o n G r a g g D r i l l i n g 
81. W e l l n o t used 
82. # 1 C. W . Sco t t W . H . M a h o n 
83. # 1 E O L J . L. M e y e r s 
84. # 1 P r a i r i e H i l l W S C J . L . M e y e r s 
85. # 1 H . C. E u b a n k H e n r y C. P a i n e 

86. # 1 Grands ta f f S. H . R i g g s 

 C O U N T Y 

1. # 1 W . F . C r a w f o r d  Oi l 

N A V A R R O C O U N T Y 

1. # 1 J . C.  F a l c o n  
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