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SOUTH-CENTRAL UNITED STATES WELL-BORE BREAKOUT DATA CATALOG

By Richard L. Dart

if INTRODUCTION

This catalog contains well-bore breakout data from a large number of 
selected wells located within Oklahoma and Arkansas and parts of Texas, 
Colorado, and Kansas. Because the data are from wells located over a broad 
area extending from the Texas Panhandle to the Mississippi River, the study 
area is subdivided into nine subareas that correspond approximately to 
different structural provinces (fig. 1).

A well-bore or borehole elongation is a symmetrical enlargement of the 
cross sectional geometry of the borehole primarily in one direction, extending 
vertically along the well bore for some distance. Vertical deviation of the 
borehole can cause well-bore elongations to be generated mechanically during 
drilling (Plumb and Hickman, 1985), and well-bore elongations can be induced 
by in-situ stress concentrations about the borehole (Bell and Gough, 1979, 
1982; Zoback and others, 1985). Stress-induced well-bore elongations are 
referred to as "breakouts" (Bell and Gough, 1979; Gough and Bell, 1981). The 
preferentially oriented washout (POW), another kind of well-bore elongation, 
is thought to be a stress-related elliptical enlargement of the well bore 
whose extent of development is influenced by the action of circulating 
drilling fluids. POWs can also be indicators of stress orientations; however, 
they do have less well defined preferred orientatons than breakouts (Dart and 
Zoback, 1987). There is some indication from the data that a fourth type of 
oriented borehole enlargement might be drilling-induced hydrofractures. 
Drilling-induced hydrofractures may develope when hydrostatic pressures exceed 
horizontal compressive stresses about the well-bore. Discussions of breakouts 
as stress indicators can be found in Fordjor and others (1983), Plumb (1982), 
Mas tin (1984), Teufel (1985), Haimson and Herrick (1985), Kaiser and others 
(1985), and Zoback and others (1986). The technique for locating and 
measuring breakouts on dipmeter and fracture identification well logs, as well 
as the statistical treatment of breakout data, is given in Dart (1985).

DATA PRESENTATION

Tables 1 and 2 list criteria for evaluating well-log and breakout data 
quality. Table 1 is a rather subjective ranking of well-log quality that 
takes into consideration log readability, degree of hole deviation from 
vertical, borehole smoothness, rate of tool rotation, and the quality of 
breakout development. Table 2 is an objective statistical rating of breakout 
data by well, based on the minimum number of breakouts read and the mean 
angular deviation of their orientations (Zoback and Zoback, 1987). The 
results of the application of these two quality ratings to the data are listed 
by well in tables 3~11.

Breakout data are treated statistically as circular normal distributions 
of two dimensional vectors, where breakout orientation is vector direction, 
and vector length can be either the number of individual breakouts with a 
given
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TABLE 1.  Well-log quality

Rating Conditions

Very Strong rotation; clean, distinct traces, well bore is smooth.

good Breakouts are distinct and terminate abruptly; they can be clearly 

distinguished from other types of well-bore elongation. Vertical 

deviation of the borehole is not a problem and very little scatter 

appears among breakout orientations.

Good Good rotation; traces are clean and distinct; and the well bore is 

relatively smooth with some pitting. Most breakouts are distinct 

and terminate abruptly; zones of washout may occur in the vicinity 

of breakouts; although breakout orientations are fairly consistent, 

some of the data used may be pows, and some of the observed well- 

bore elongations may be deviation induced.

Fair Trace quality is diminished. Very few, if any, distinct breakouts

are seen, and most usable elongations are pows. Deviation-induced 

elongations and zones of washout may be common; the well bore can 

be pitted and irregular. Overall, usable data is limited but 

reliable. Some scatter or variation may exist among breakout 

orientations.

Poor Very little usable data; usable elongations are pows. Deviation- 

induced elongations and zones of washout may be common. Useable 

data is of questionable reliability, and orientations may be random 

or strongly bimodal.



TABLE 2.  Well-bore breakout
statistical quality data

Rating

A

B

C

D

No Good

Angular 
deviation 
(degrees)

<J2

>12-<22

_>22-<26

>26-<30

>30

Number 
of 

breakouts

I6

>_4

<4

Any number

Do.



orientation or the total vertical feet of breakout at a given orientation. 
Statistical calculations of mean direction (e), standard error of the mean 
(SE), and mean angular deviation (a) for each well data set and subarea data 
composite are also given in tables 3-11. The appendix contains a discussion 
of the calculation of these statistics.

Mean angular deviation is a measure of the dispersion of observed 
breakout orientations about the mean direction. Mean angular deviation 
differs from standard deviation in that it is a calculation of dispersion of a 
circular distribution, not a linear distribution of data, although their 
results will be similar (Batchelet, 1965). With breakout data, where 
orientations are grouped in either 1° intervals for individual wells or 10° 
intervals for subarea composites, the mean angular deviation as calculated is 
the deviation of observations about a mean direction. Because the mean 
direction for a distribution of breakout data is calculated from a number of 
independent orientations each with its own mean angular deviation, standard 
error of the mean direction is calculated (tables 3-11).

Well-log data and breakout results for each of the nine subareas are 
presented in: (1) well-location base maps (figs. 2, 4, 6, 8, 10, 12, 14, 16, 
and 18), (2) tables of well-log data and breakout results (tables 3-11), and 
(3) rose diagrams of breakout frequency (figs. 3, 4, 6, 7, 9, 10, 12, 13, 15, 
16, 18, 19, 21, 22, 24, 25, 27 and 28). In addition to the rose diagrams of 
breakout frequency for all individual wells, composite rose diagrams for each 
subarea, exclusive of data sets with angular deviations >26° ("D"-quality 
statistical data and data considered to be "no good") are included. These 
unused "D" and "no good" (NG) quality data sets generally have inconsistent, 
random data orientations. Bimodal, orthogonally oriented data sets will also 
likely have angular deviations >26° but are used. The most likely explanation 
for bimodal/orthogonally oriented trends in individual well or composite data 
sets is that one orientation corresponds to the minimum stress direction, the 
direction of true breakouts, and the other trend is the result of drilling- 
induced hydrofractures or natural fractures oriented in the maximum stress 
direction.

In tables 3-11* only "A" thru "C" quality data sets have orientations of 
SHmax listed. Scatter in breakout orientations in poorer quality data sets 
prevents the reliable evaluation of SHmax . Also, no orientation of Snmax is 
given for bimodal/orthogonal data sets. Statistical calculations of mean 
direction, mean standard error, angular deviation, and SHmax listed in tables 
3-11 are based on the totals of number of breakouts for individual wells and 
subarea composites (see Appendix). These statistical calculations are given 
in degrees.

The statistical qualities of some individual well data sets are down 
graded in tables 3-11 from the criteria listed in table 2. This happens in 
cases where only two breakouts are observed in the borehole. A "D" quality is 
given if the two breakouts agree in orientation but are not separated by more 
than 1,000 ft of well bore. Also, statistical qualities are lowered for some 
individual well data sets if their rose diagrams indicate that a greater 
degree of data scatter exists than that shown by the value of their angular 
deviations.



Because of possible logging-tool limitations of caliper pad-size and 
variability in tool-rotation rates, the detection of short breakouts and the 
measurement of their azimuthal orientations are questionable. For this 
reason, borehole elongations shorter than 8 ft in length are excluded.

RESULTS

Data from wells located across the central part of the study area between 
the Anadarko Basin and the Mississippi Embayment form a data set that is both 
consistent and of high quality. It is therefore possible to infer an east- 
northeast regional orientation of maximum horizontal stress (S^max ) from the 
data (fig. 29). This finding agrees well with a hydrofracture measurement 
from central Oklahoma of N. 65° E. (Zoback and Zoback, 1980) and the Texas 
Panhandle of N. J|0°-60° E. (Gustavson and Budnik, 1985), and with the 
northeast-southwest compressive stress field inferred for the Midcontinent 
province (Zoback and Zoback, 1980).

Future publications will address attempts to resolve the apparent 
ambiguities in well-bore elongation orientations among wells in several 
subareas (Arkoma, Palo Duro-Dalhart, and Marietta-Ardmore Basins). Randomness 
in inferred stress directions (see well-location maps) and bimodal breakout 
orientations (see composite rose diagrams) may be associated with one or more 
of the following: (1) analyst error, (2) hyrofracturing of the well-bore (or 
opening of preexisting fractures oriented in the inferred S^max direction) by 
elevated hydrostatic pressures due to drilling mud weights, (3) near-surface 
gravitational stresses resulting from local changes in topographic relief 
(Savage and others, 1985), and (4) a reorientation of the regional stress 
field in the vicinity of the ends of large en echelon strike-slip faults 
(Rodgers, 1984).

This catalog is a companion publication for two other reports currently 
being prepared: "Stress induced well-bore elongations in southern Oklahoma 
and the central Texas Panhandle stress implications and stratigraphic 
relationships" (Dart) and "Stress orientations from borehole breakouts in the 
south-central United States" (Zoback and Dart). The analysis of this large 
data set is ongoing and future reports (currently in preparation) will discuss 
the results of this study more fully.
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Anadarko Basin (feet):
Composite
n= 7919.0
r= 2619.0
mean= 189.9 degrees
angular dev.= 19.3 degrees

Anadarko Basin (number):
Composite
n= 129.0
r= 23.0
mean= 189.6 degrees
angular dev.= 25.5 degrees

FIGURE 3. Composite rose diagrams of Anadarko Basin breakout orientations. 
The rose diagram for total feet of breakout is positioned above the 
diagram for total number of breakouts. Diagrams are scaled in 10° 
intervals. Listed are (1) the basin in which the wells are located, (2) 
the composite identification, (3) totals of feet (n) and number (n), (4) 
the radius or maximum frequency (r), (5) circular mean of the data, and 
(6) angular deviation of the data.
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Anadarko Basin (feet):
0X8
n- 70.0
T- 70.0
mean- 97.0 degrees
angular der.- 0.0 degrees

Anadarko Basin (feet):
OX 1
n- 80.0
r- 80.0
m««n<- 89.0 degrees

r.o 0.0 degreee

Anadarko Baain (numbar):
OK 8
n- 1.0
r- 1.0
mean- 97.0 decree*
angular der.- 0.0 degrees

Anadarko Basin (number):
0X1
n- 1.0
r- 1.0
mean** 89.0 decrees
angular der.- 0.0 degrees

Anadarko Basin (feet):
0X4

_ n- 190.0 
E r. 92.o

mean<- 167.3 degrees
angular der.- 18.8 degrees

inadarko Bejte (feet):
OK 3
n- 378.0
r-2M.O
mean** 8.7 degrees
angulaf der.- 11.7 degrees

Aaadarko Baetn (number):
OK 4
n- 6.0
r- 3.0
mean- 162.6 degrees
angular der.» 16.7 degrees

Anadarko Baste (number):
0X8
a** 6.0
r- 8.0
mean- 168.1 degreee

r.- ».* degrees

FIGURE 4.--Rose diagrams of Anadarko Basin breakout orientations. For each 
well, the rose diagram for total feet of breakout is positioned above 
the diagram for total number of breakouts. Diagrams are scaled in 10° 
intervals. Listed are (1) the basin in which the well is located, (2) 
the individual well identification, (3) totals of feet (n) and number 
(n), (ij) the radius or maximum frequency (r), (5) circular mean of the 
data, and (6) angular deviation of the data.
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AnexUrko Bejdn (feet):
OK 6
n- 233.0
r- 802.0
mean- 170.3 degree*
tnguler der.- 3.4 degree*

intdarko Bejta (feet) 
OK 6
a- 46.0 
r- 87.0
meeji** 161.9 degree* 

r.- 9.6 d1.6 degree*

Anaderko Bejdn (number):
OK 6
n- 2.0
r- 1.0
me&n- 174.0 degreM

r.»* 6.0 degree*

in*d«rko Bejta (number):
OK 6
n- 4.0
r- 8.0

a- 104.8 degree* 
der.- 9.6 d<

AnexUrko Basin (feet):
OK 6

_ n- 170.0 
E r- 170.0

mean- 187.6 ddefreei 
» 1.0 defreet

Anaderko BMln (feet):
OK 7

_ n- 10.0 
E r- 10.0

meeji>* 37.0 degreee
 nguUr der.- 9.9 degr***

Anaderko Baatn (number):
OK 6
n- 2.0
r- 2.0
mean- 106.6 decree*

.- 2.6 degreet

Anaderko Bejta (number):
OK 7
a- 1.0
r- 1.0
meeji~ 37.0 degree*
«Bg"Ul- der.»* 0.0 degree*

FIGURE l|.  Continued.
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Anadarko Barin (feet):
OX 11
n- 461.0
r- 291.0
mean- 169.6 degree*
angular der.- 13.6 degree*

Anadarko BMia (feet):
OK 9
n- U.O
r- 10.0
mean- 162.4 deer***
angular der.- £2.6 degree*

Anadarko Bwia (number):
OX 11
n- 9.0
r- 6.0
mean- 166.6 degree*
angular der.- 14.8 degree*

Anndcrko Baaia (number):
0X9
a- 3.0
r- 1.0
meeji- 162.0 degree*
unguler der.- 21.8 degree*

Anndwrko Bula (feet):
OX 14
n- 188.0
r- 120.0
mean- 32.6 decree*
ejtgulw der.- 7.2 decree*

An*derko Beaia (feet):
0X18
a- 212.0
r- 147.0
meeji- 23.1 decree*
unguler der.- 16.6 degree*

Anederko Ba*la (number):
OX 14
n- 2.0
r- 1.0
mean- 30.6 degree*
angular der.- 7.6 degree*

Anadarko Bailn (number):
OX 12
n- 4.0
r- 2.0
mean- 18.6 decree*
angular der.- 17.2 degree*

FIGURE *».-- Continued.
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Anadarko Baaln
OK 16
n- 79.0
r- 64.0
mean- 162.6 degree*
angular der.- 10.7 degrees

Anadarko Baaln (feet):
OK 16
B- 290.0
r- 199.0
mean** 169.9 degree*
angular d*T.- fO.fl d

Anadwko Bftrin (number):
OK 16
n*> 3.0
r- 1.0
mean** 143.3 dairae*
angular dar.» 14.5 dogrea*

inadarko Baatn (number):
OK 16
n- 7.0
r- 4.0
maan- 168.1 dacraaa
angular dar.- 80.0 dagr«aa

Anadarko Baaln (feet):
OK 16
n- 846.0
r- 161.0
mean- 161.7 degree*
angular der.- 8.8 dagraaa

Anadarko Baaln (fart):
OK 17
n- 101.0
r- 68.0
mean- 190.9 degreec
angular der.- fl.6 degraaa

Anadarko Baaln (number):
OK 16
n- 3.0
r- 8.0
mean- 169.7 degreei
angular dar.- 8.4 dagraaa

Anadarko Baaln (number):
OK 17
n- 3.0
r- 8.0
maan- 161.1 dagreaa
angular dar.- 11.7 degree*

FIGURE M. Continued.
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Anadarko Buln (feet):
OK 22
n- 633.0
T- 294.0
mean- 4.9 decree*
angular der.<* 10.6 degree*

Anaderko Buln (feet):
OK 19
n- 260.0
r- 72.0
mean- 178.4 degreee
angular der.- 28.0 degree*

Anadarko Buln (number):
OK 22
n- 9.0
r- 3.0
mean- 3.7 decree*

.- 20.3 degree*

Anadarko B«*ln (number):
OK 19
n- 9.0
r- 3.0
mean- 2.8 decree*
Angular der.o 28.0 degree*

Anaderko Buln (feet):
OK 26
n- 38.0
r- 38.0
mean- 8.0 degree*:
angular der.- 9.9 degree*

Anadarko Buln (feet):
OK 24
n- 372.0
r- 190.0
meaaw 4.8 degree*
angtilar der.- 98.B degree*

Anadarko Buln (number):
OK 26
n- 1.0
r- 1.0
mean- 8.0 degree*
angular der.- 0.0 degree*

Anadarko Basin (number):
OK 24
n- 3.0
r- 1.0
mean- 140.8 degree*
angular der.- 38.8 degree*

FIGURE M. Continued
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Anadarko Baain (feet):
OK 27
n- 226.0
r- 110.0
mean- 13.5 decree*
angular der.- 5.3 degree*

Anadarko Baain (feet):
0126
n- 68.0
r- 22.0
mean- 10.0 decrees

.- 24.6 degreee

Anadarko Baain (number):
OK 27
n- 6.0
r- 3.0
mean- 13.6 degree*
angular der.- 6.1 degree*

Anadarko Baain (number):
OK 26
n- 4.0
r- 1.0
mean- 13.4 degreee
angular der.*> 28.8 degree*

Anadarko Baain (feet):
OK 34
n- 171.0
r- 117.0
mean- 56.7 degree*
angular der.** 28.0 degree*

Anadarko Baain (feet):
OK 31
n- 60.0
r- 48.0
mean- 104.0 degree*
angular der.- 12.6 degree*

Anadarko Baain (number):
OK 34
n- 2.0
r- 1.0
mean- 34.0 degree*
angular der.- 32.8 degree*

Anadarko Baain (number):
OK 31
n- 3.0
r- 1.0
mean- 102.7 degree*
rr>f,)*r der.- 14.5 degreee

FIGURE M. Continued.
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Anadarko Baala (feet):
OK 30
n- 437.0
r- 270.0
mean- 178.8 degree*
angular der.- 13.6 degree*

Anadarko Bactn (feel): 
OK SB 
n- 666.0
r- 140.0
mean- 144.9 deer*** 

.- 90.6 ddegree*

Anadarko Baain (ntu&ber):
OK30
n- 7.0
r- 3.0
mean- 188.7 degree*
angular der.- 18.7 degree*

Anadarko Badn (number):
OK 36
n- 16.0
r- 4.0
mean- 100.6 degree*
angular der.- 96.0 degree*

Anadarko Baain (feet):
OK 38
n- 820.0
r- 140.0
mean- 160.4 degree*
angular der.- 10.7 degree*

Anadarke Badn (feet):
OK 37
n- 884.0
r- 816.0
mean- 173.4 degree*
angular d#r.- 3.3 degree*

Anadarko Baain (ntu&ber):
OK 38
n- 4.0
r- 8.0
mean- 164.3 decreee
angular der.- 17.0 degree*

Anadarke Bute (number):
OK 37
n- 4.0
r- 3.0
mean- 1704 d*gren
angular d*r.- 6.4 degree*

FIGURE M. Continued.
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Aatdarko Beaia (feet):
OK 40
n- 376.0
r- 230.0
mean- 157.0 decreee
 ocular der.- 8.2

AMdwko Bejln (feet):
OK 30
n- 136.0
r- 62.0
mean- 167.1 decree*
 aculer der.- B.6 decreee

Anadarko Buln (number): 
OK 40 
n- 4.0 
r- 2.0
m*«n- 166.0 da«r«M 

r.- 10.6

Anadarko Buln (number): 
OK 30 
n- 3.0 
r- 1.0 

a- 164.6

Anadarko Baela (feet):
OK 42

_ n- 17.0 
B r- 17.0

- 178.0
d«T.- 0.0

(feet): 
OK 41 
n- 40.0 
r- 40.0
mean- 177.0 degree* 
ancular der.- 0.0 decree*

Anadwko Buln (number):
OK 42
n- 1.0
r- 1.0
mean- 178.0 degree*

.- 0.0 de§re««

Anadarko B&eln (number):
OK 41
n- 1.0
r- 1.0
meen- 177.0 decree*

.- 0.0 decree*

FIGURE 1. Continued.
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Anadarko Baaln (feet):
OK 91
a- B.O
r- B.O
mean- 13.0 degree*
angular der.- 0.0 degree*

Anadarko Baaln (iMt):
OK 44
a- 215.0
r- 110.0
mean- 119.7 degree*
anfular der.- 86.4 degree*

Anadarko Baaln (number):
OK 91
a- 1.0
r- 1.0
mean- 13.0 decree*
angular der.  0.0 degree*

Anadarko Baaln (number):
OK 44
a- 6.0
r- 2.0
mean- 130.0 degree*

.- 33.9 degree*

Anadarko Badn (feet):
OK 94
n- 184.0
r- 71.0
mean- 23.3 degree*
angular der.- 7.1 degree*

Anadarko Baaln (feet):
OK 92
n- 33.0
r- 24.0
mean** 179.0 degree*

.» 29.9 degree*

Anadarko Barin (number):
OK 94
n- 4.0
r- 2.0
mean- 21.3 degree*
angular der.- 8.3 degree*

Anadarko Baaln (number): 
OK 92 
n- 2.0 

E r- 1.0
mean- 135.0 degree*

der.- 40.6 degree*

FIGURE 4.  Continued.
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Anadarko Basin (feet):
OK 87
n- 81.0
r- B8.0
mean- 68.6 degree*
angular dor.- 13.6 degree*

Anadarko Basin 
OKM
n- 10.0
r- 10.0
mean- 134.0 degree*
angular der.- 1.4 d«cr««a

Anadarke Baala (number): 
OK 87
B- a.o
r- 8.0
mean- 68.8 decree!
angular d«r.- 13.4 dtfraet

Aaadarko Basin (number):
OKM
a- 1.0
r- 1.0
mean- 134.0 decre«a
angular d«r.- 0.0 de

Anadarke Baaln (feet):
OK 100
B- 679.0
r- 381.0
mean- 31.8 decree!
angular d«r.- 22.3 degrees

Anadarko Ba«m (feet): 
OK 96 
n- 966.0 
r- 610.0
mean- 179.8 degree* 
angular dev.- 9.7 ddegree*

Anadarko Ba*m (number):
OK 100
n- 6.0
r- 3.0
mean- 34.4 degree*
angular dev.- 83.3 degree*

Anadarko Baala (number):
OK 98
n- 8.0
r- 8.0
mean- 1.4 decree*
 »>g"'»r der.- 86.3 degree*

FIGURE M. Continued.
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Anadarko Baata (feet):
OK 103
n- 433.0
r- 313.0
meant 1.7 degreee
angular der.t 16.1 decrees

Anadarko Bum (feet):
OK 101
n-1806.0
r- 030.0
meant 167.3 degreee
angular der.- 18.7 degreee

Anadarko Beela (number):
OK 103
n* 3.0
r- 1.0
mean** 14.B decree*
eafuler der.t 88.0 degreea

Anadarko Baeu (number): 
OK 101 
n- 3.0 
r- 1.0

nt 166.7 degreee
.« Si.6 degreee

Anadarko Baeln (feet):
OK 106
n- 367.0
r- 806.0
mean* 1.6 degreee
angular der.- 7.2 degreee

Anadarko Baeln (feet): 
OK 108
B- *  » 
r- 46.0
. 106.0 degreee 
angular der.« 1.4 degreee

Anadarko Baeln (number):
OK 106
n- 7.0
r- 4.0
mean** 1.6 degreee
angular der.*> 6.B degreee

Anadarko Baeln (number):
OK 108
n- 1.0
r- 1.0
meant 106.0 degreee
angular der.- 0.0 degreee

FIGURE H.  Continued.
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Anadarko Basin (feet):
OK 107
n- 45.0
r- 46.0
mean- 188.0 degrees
angular der.- 0.0 degree!

inadarko Basra (feet): 
OK 109 
a- 110.0 

08.0
mesa** 199.9 decrees 

T.- 3.T dangular der.- decrees

Anadarko Basin (number):
OK 107
n- 1.0
r- 1.0
mean*> 168.0 decrees
angular dev.** 0.0 degrees

iaadsrke Basia (number):
OKlOe
a- S.O
r- 1.0
mesa** 173.0 decrees
 ncuUr 4eT.» 6.0 decrees

Anadarko B«sla (feet):
OK 109
n- 187.0
r- 80.0
mesa** 153.3 decrees
angular der.- 14.8 degreee

iBs4srk» B«ciB (feet):
OK 106
a- 360.0
r- 860.0
mean*- 178.0 degress

d«r.» 0.4 degrees

Anadarko Basin (number):
OK 10B
n- 2.0
r- 1.0
mean« 153.0 decrees
angular der.- 14.8 degrees

Aaadarko Basin (number):
OK 108
n- 3.0
r- 3.0
mean- 176.0 degreee

d«r.> 0.4 degrees

FIGURE M.--Continued.
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Anadarko Barin (feet):
TXO
n- 446.0
r- 800.0
mean- 88.6 degrees
angular der.  24.6 degrees

Anadarko Basin (number):
TX9
n- 6.0
r- 1.0
mean- 90.3 degreesMigniai- der.- 90.6 degree*

Aaadarko Batin (feet):
TX 10
n- 97.0
r- 97.0
mean- 109.0 deo-eee
angular d«r.- 0.0 decree*

Anadarko Baeln (number): 
TX 10
n-
r-

1.0 
1.0

mean- 109.0 degreee 
angular der.« 0.0 degreee

FIGURE 4.--Continued.
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   nt Pow.ra
CO20 | Hamilton Kaarnay

Stanton Q rant

  aca

, Morton | St.v.ni

Clmarron Taxai

38*

37*

36*
103» 102°

80 KILOMETERS

° 40 MILES

FIGURE 5.  Hugoton embayment well-location map. Well locations with inferred 
orientations of SHmax are solid dots with bars, and open circles are 
well locations with data sets that were "no good." Only wells having 
statistiacl data qualities of "A" thru "C" are plotted with stress 
orientations. Wells having "D" quality data are solid dots. SHmax 
orientations are weighted by length, "A" qualities are the longest and 
"C" qualities the shortest. Structural and physiographic provinces are 
heavy solid lines. State boundaries are dashed-dot lines and county 
boundaries are thin solid-dashed lines. The well location for TX50 can 
be found on figure 8. ...____.____._._
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-E

Hugoton Embayment (feet):
Composite
n« 420.0
r= 146.0
mean-= 158.5 degrees
angular dev.«= 29.8 degrees

Hugoton Embayment (number)
Composite
n« 13.0
r= 4.0
mean= 186.6 degrees
angular dev.= 30.1 degrees

FIGURE 6. Composite rose diagrams of Hugoton embayment breakout
orientations. The rose diagram for total feet of breakout is positioned 
above the diagram for total number of breakouts. Diagrams are scaled in 
10° intervals. Listed are (1) the area in which the wells are located, 
(2) the composite identification, (3) totals of feet (n) and number (n), 
(M) the radius or maximum frequency (r), (5) circular mean of the data, 
and (6) angular deviation of the data.
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Hugoton Imbayment (feet):
KA. 1
n- 100.0
r- 65.0
mean- 120.0 degreea
angular der.- 18.7 degreea

Huf eten Imbayneat (fact):
OK 80
n- 88.0
r<- tt.O
mean- 11.7 degreea
aacular dar." 7.8 degreee

Hugoton Xmbayiaent (number):

n- 4.0
r- 1.0
mean- 127.5 dacraaa
angular der.- 16.4 degreea

Hugoton tmbaymeat (number)
OK 80

_ a- 9.0 
* r- 1.0

i- 10.0 dacraaa
- 8.1 d

Hugoton Imbayment (feet): 
CO 8 
n- 90.0 
r- 90.0
mean- 80.0 degreea 
angular der.- 0.0 d,0 dagraaa

Hugotoo KmbaTBMBt (feat):

a- 198.0
r- -
mean- 179.4 degree*
angular deT.- 1.6 ddacraaa

Hugeton KmbaTmeat (number): 
COS 
n- 8.0 
r- 8.0
mean*- 80.0 dagraaa
angular deT.« 0.0 ddacraaa

Hugotea Kmbejmeat dumber):

a- 9.0
r- 9.0
mean- 179.9 decree*:
angular dar.- 1.4 dagraaa

FIGURE 7.  Rose diagrams of Hugoton embayment breakout orientations. For each 
well, the rose diagram for total feet of breakout is positioned above 
the diagram for total number of breakouts. Diagrams are scaled in 10° 
intervals. Listed are (1) the area in which the well is located, (2) 
the individual well identification, (3) totals of feet (n) and number 
(n), (U) the radius or maximum frequency (r), (5) circular mean of the 
data, and (6) angular deviation of the data.
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FIGURE 8.   Palo Duro-Dalhart Basins well-location maps A and B. Well
locations with inferred orientations of SHmax are solid dots with bars,
and open circles are well locations with data sets that were "no 
good." Only wells having statistiacl data qualities of "A" thru "C" are 
plotted with stress orientations. Wells having "D" quality data are 
solid dots. SHm^x orientations are weighted by length, "A" qualities 
are the longest and "C" qualities the shortest. Structural and 
physiographic provinces are heavy solid lines. State boundaries are 
dashed-dot lines and county boundaries are thin solid-dashed lines. Map 
B is an enlargement of the area northwest of Amarillo, Texas.
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Palo Duro-Dalhart Basins (feet):
Composite
n» 2583.0
r= 448.0
mean* 28.7 degrees
angular dev.  36.3 degrees

hE

Palo Duro-Dalhart Basins (number):
Composite
n= 98.0
r= 13.0
mean= 13.4 degrees
angular dev.= 38.1 degrees

FIGURE 9. Composite rose diagrams of Palo Duro-Dalhart Basins breakout
orientations. The rose diagram for total feet of breakout is positioned 
above the diagram for total number of breakouts. Diagrams are scaled in 
10° intervals. Listed are (1) the basins in which the wells are 
located, (2) the composite identification, (3) totals of feet (n) and 
number (n), (4) the radius or maximum frequency (r), (5) circular mean 
of the data, and (6) angular deviation of the data.
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Palo Duro-Dalhart Baaina (foot):
TX 11
n- 193.0
r. 60.0
moan* 176.9 dofrooi
angular dor.- 31.4 dogroaa

Palo Dnre-DaOMit Baaina (foot):
IX 8
n- 76.0
r- 49.0
BMB- 111.7 dojroos
angular dor.- 38.1 A

Palo Duro-Dalhart Baaina (number):
TX 11
n- 9.0
r- 3.0
mean- 169.6 dojroot
angular dor.- 88.0 dogroaa

Palo Dnro-Dalhart Baalaa (number):
TX8
A- 8.0
r- 1.0

B- 136.0 degree*
33.1 dagrooa

Palo Duro-Dalhart Baaina (foot):
TX 13
a- 840.0
r- 96.0
m«an« 19.9 decreea
angular d«r.- 36.4 dogroaa

Palo Dnro-Dalhart Baaina
TX18
n- 434.0
r- 883.0
moan- 37.4 degreea
angular dor.- 85.8 dogroaa

Palo Duro-Dalhart Baatnt (numbor):
IX 13
n- 7.0
r- 3.0
moan- 146.1 dogroao
angular dor.- 36.6 da(roos

Palo Dnro-Dalhart Baatna (numbor): 
TX 18
n- 18.0
r- 8.0

a- 18.4 daarooi 
anfular dor.- 88.8 t8 dagraaa

FIGURE 10.  Rose diagrams of Palo Duro-Dalhart Basins breakout orientations.
For each well, the rose diagram for total feet of breakout is positioned 
above the diagram for total number of breakouts. Diagrams are scaled in 
10° intervals. Listed are (1) the basins in which the well is located, 
(2) the individual well identification, (3) totals of feet (n) and 
number (n), (4) the radius or maximum frequency (r), (5) circular mean 
of the data, and (6) angular deviation of the data.

41



Ptlo Duro-Dalhwt BuUu (f««t): 
RIB 
a- 144.0 
r- 88.0

- 84.3 d«cr«M 
r.- 38.1

Pate Dnra-Dalhart BaHna (faat):
me

_ B- 188.0
» r- 80.0

mean- 17.6 dap-en 
angular d*r- 11.6 d*gr***

Palo Duro-DiJhui Bulna (aumber): 
n 18 
n- 3.0 
r- 1.0

- 71.1 d«fT«M
- 30.9

Palo Duro-Dalhart Baaina (number):
TX18

_ B- 4.0 
  r- 1.0

mean- 19.1 dag-Mi
angular der.- 19.1

Pal, Dnre-Dalhtft Bula* (f««l):
n 18
B- 113.0 
r- 64.0 
m«*n« 149.7 
 agulor d«r.-

Palo Dnro-D^h«t 
n 17 
B- 116.0 
r- 83.0

to 88.8 4MNM
.- 80.8

Palo Dnre-Dalhart BM!B« (number):nia
B- 8.0 
r- 3.0

- 161.4 dMn«M
.- 18.8 d«fre«<

Palo Dure-Dalhait Baalna (number):
TX17

_ n- 8.0 
E r- 8.0

mean- 88.1 daartea
angular der.- 84.9 di

FIGURE 10. Continued.
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Palo Duro-Dalhart Baeina (fMt):
new
n- 86.0
r- 66.0
mean- 40.0 decreei
anfular der.- 86.6 degreea

Palo Dnro-Dauart Butaa (fMt):
TZ19
n- 83.0
r» 83.0
BOMB- 16.0 dofr*ea
angular der.- 1.4 d«fTM«

P«Io Dure-OaUurt Buln« (number): 
TT80 
n- 4.0 
r- 1.0
m**a- 67.0 d«fr«M 

d«r.- 99.7

pate Dure-D«lhut Born* (number): 
tZ19 
n- 1.0 
r- 1.0
DMA- 16.0 d«crMi 

r.- 0.0

Palo Dure-DiJhart Buiu (fMt):
TX88
n- 383.0
r- 96.0
m*ui- 163.3 decraM

.- 27.7 dagreaa

Palo Duro-Dalhart Barina (feet):
TZ81
n- 40.0
r- 81.0

i- 0.6 decrees
der.- 88.4 degreee

Palo Oure-Dalhart Buln* (number):
TX88
n- 11.0
r- 8.0
mean- 168.8 dajraaa
anfular der.- 30.0 dagrMa

pato Dura-Dallurt Born* (numbar):
TT81
n- 8.0
r- 1.0
BOMB- 7.8 * £   
aacular dar.- 86.6 dagraaa

FIGURE 10. Continued.
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Pale Duro-Dalhart Basins (feet):
TX84
n- 63.0
r- 33.0
mean- 140.6 dejreef
ancular der.- 31.6 degrees

Palo Duro-Dalhart Basins (feet):
1X83
n- 66.0
r- 88.0
mean- 139.8 decrees

.*> 11.6 decree*

Pale Duro-Dalhart Basins (number):
1X84
n- 7.0
r- 3.0
mean- 136.0 dedecrees 

x 31.7 decrees

Palo Duro-Dalhart Basins (number):
TX 83
n- 4.0
r- 8.0
mean- 148.3 decrees
angular der.** fl.6 decrees

Palo Duro-Dalhart Basins (feet):
TX86

- n- 843.0 
E r- 03.0

mean- 39.6 decrees
ancular der.- 17.6 decrees

Palo Duro-Dalhart Basins (feet):
TXM
n- 39.0
r- 31.0
mean** 100.0 decrees

der.- 86.9 decrees

Palo Duro-Dalhart Basins (number):
TX 86
n- 7.0
r- 8.0
mean** 38.6 decrees
ancular der.- 86.3 decrees

Palo Duro-Dalhart Basins (number):
TX86
n- 3.0
r- 3.0
mean- 100.0 decrees

.« 33.1 decrees

FIGURE 10. Continued.
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Pale Duro-Dalhart Baala* (foot):
K89
n- 1M.O
r- 71.0
m«an- 37.0 dame*
angular dor.- B8.0 d«fr*M

Palo Duro-Dalhart Bojtni (foot):
1XM
n- 1M.O
r- ei.O
mean- 121.0 docroM
angular drf.- 88.6 d*fr»M

Palo Dure-DaUkart
Tt20
n- 4.0
r- 2.0
m«an- 36.0 d«r«M
angtilar drr.»

(atuabar): Palo Dnro-Dalhart Baalaa (ntunb«r): 
TIM 
n- 6.0 
r- 2.0

- 167.4.4 d*fr*«* 
.- 36.8 d

Palo Duro-Dalbart Badiu (f««t):
TtSl
a- 34.0
r- 16.0
m«an- 02.9 d«cr«M
anfular d«r.- 26.6 defr*«f

Palo Dupo-Dalhart Baolna (foot):
nso
n- 69.0 
r- 69.0
m«aa- 139.3 d«fcr*M 

.~ 1.7 d«

Palo Ouro-Dalbart Badn* (number): 
TX31 
n- 3.0 
r- 1.0
m«aa» 90.0 dacr««t 

r.- 33.1 d

Palo Duro-Dalbart Baitni (numbor):
1X30
n- 3.0
r- 3.0
m*an- 138.3

FIGURE 10. Continued.
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Palo Duro-Dalhart Barfna (feet):
TX33
n- 437.0
r- 108.0
mean- 24.4 decree!
angular der.- 36.6 degree*

Palo Duro-Dalhart Badai (feet):
TX38
n- 61.0
r- 33.0
mean- 130.0 degreee
angular der.- 16.6 degreee

Palo Duro-Dalhart Batini (number):
TX33
n- 18.0
r- 8.0
mean- 184.7 degree*
angular der.- 37.3 degree*

Palo Duro-Dalhart Batfn* (number):
TX88
n- 6.0
r- 8.0
mean- 136.0 degreee
angular der.- 16.6 degreee

Palo Duro-Dalhart Batini (feet):
TX36
n- 866.0
r- 170.0
mean*- 111.7 degreee
angular der.» 87.4 degree!

Palo Duro-Dalhart Barina (feet):
TX34
n- 11.0
r- 11.0
mean* 180.0 degreee
angular der.» 1.4 degreee

Palo Duro-Dalhart Baatna (number):
TX36
n- 7.0
r- 8.0
mean- 104.0 degree!
angular der.- 80.6 degree*

Palo Duro-Dalhart Badne (number):
TX34
n- 1.0
r- 1.0
mean- 180.0 degreee
angular der.- 0.0 degree*

FIGURE 10. Continued.
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Ptlo Duro-Deihart Becra* (feet):
IX 37
n- 189.0
r- 104.0
mean- 39.1 decree*
 ocular der.- 18.

Pale Duro-Dellurt Beda* (feet):

n- B48.0
r- 801.0
mean- C2.6 decreee
angular der.- 13.4 decree*

Palo Duro-Dalharl Baaln* (number):
IX 97
n- 4.0
r- 8.0
mean- 36.9 decree*
angular der.- 89.7 decree*

Pele Duro-Delhart Basin* (number):

n- 6.0 
8.0

» 68.0 ddecree* 
- 81.9 decree*

Pele Duro-D*Ih*rt B**in* (feet):
TX99
n- 831.0
r- 101.0
meaa- 111.7 de*r***

der." ft.3 decree*

Pele Dure-DeJhert Butau (feet):
IX 86
n- 188.0
r- 44.0
meea- 47.9 decree*
 ngular der.- 94.6 decree*

Ptlo Duro-DtOtert Bejin* (number):
1X99
n- 6.0
r- 8.0
mean- 1164 decree*
Angular der.- 89.7 decree*

Pele Duro-Delhmrt B**in* (number):
TX96
n- 4.0
r- i.O
me*n» 60.6 decree*
 ngiii.r der.** 33.8 decree*

FIGURE 10. Continued.
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Pale Duro-Dalhart Ba*uu (feet):
nil
n- 38.0
r- 10.0
mean- 120.0 degree*

r.- 4.0 degree*

Pale Duro-Dalhart Beam* (feet):
1X40
n- 85.0
r- 17.0
mean- 133.7 degree*

.*> 0.3 degree*

Pale Duro-Dalhart Ba*ln* (number):
1X41
n- 2.0
r- 1.0
mean- 180.0 degree*
angular der.o o.O degree*

Pale Duro-Dalhart Baaln* (number):
1X40
n» 2.0
r- 1.0
mean- 130.0 degree*
angular der.» 0.8 degree*

Pale Dure-Dalhart Bactn* (f*et):
TX43
n- 68.0
r- 68.0
mean- 166.0 degree*
angular der.- 0.0 degree*

Pale Dure-Dalhart Badn* (feet):
1X48
n- 8.0
r- 8.0
mean- 86.0 degree*
angular der.- 0.0 degree*

Pale Duro-Dalhart Ba*ln* (number):
1X43
n- 1.0
r- 1.0
m«an- 186.0 degree*

.o 0.0 degree*

Pale Dure-Dalhart Bactni (number): 
1X48 
n- 1.0 

1.0
mean- 86.0 degree* 

-.- 0.0 4*ng»«lar der.< degree*

FIGURE 10. Continued.
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Palo Duro Delaart Baelas (feet):
TI48
a- B3.0
r- 73.0
mean- 181.8 decrees
angular der.- 3.8 decree*

Palo Duro-Dalhart Basins (feet):
TX44
n- 80.0
r- 63.0
mean- 1BB.B decrees
angular der.- 18.3 decree*

Palo Duro-Delhert Bulnt (number):
TT46
n- 3.0
r- 8.0
meut- 123.3 decrees

r.- 4.7 decree*

Palo Duro-Dalhart Basin* (number): 
TI44 
n- 4.0 
r- 8.0
mean- 168.B decrees 

r.- 10.6 di

p«le Dure-Dalhert Bestas (feet):
TI47
n- 647.0
r- 140.0
mean- 38.8 decrees

r.o 86.6 decree*

Pelo Duro-Delhert Bestas (feet):
TI46
n- 134.0
r- 180.0
meen- 148.7 decrees

.- 8.9 decrees

p«le Duro-DeUurt Baelas (number):
TX47
n- 86.0
r- 8.0
mean- 38.4 degrees
angular der.« 84.6 decrees

Pale Duro-Delhart Basins (number):
Tt4«
n- 3.0
r- 8.0
mean- 148.6 decrees
ancular der.- 13.0 decree*

FIGURE 10. Continued.
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103 102»

60 KILOMETERS

40 MILES

FIGURE 11.  Midland Basin well-location map. Well locations with inferred 
orientations of S Hm are solid dots with bars, and open circles are 
well locations with data sets that were "no good." Only wells having 
statistiacl data qualities of "A" thru "C" are plotted with stress 
orientations. Wells having "D" quality data are solid dots. STT 
orientations are weighted by length, "A" qualities are the longest and 
11 C" qualities the shortest. Structural and physiographic provinces are 
heavy solid lines. State boundaries are dashed-dot lines and county 
boundaries are thin solid-dashed lines.
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Midland Basin (feet):
Composite
n= 986.0
r= 394.0
mean** 176.4 degrees
angular dev.- 25.6 degrees

-E

Midland Basin (number):
Composite
n= 24.0
r= 5.0
mean« 165.8 degrees
angular dev.= 25.7 degrees

FIGURE 12. Composite rose diagrams of Midland Basin breakout orientations. 
The rose diagram for total feet of breakout is positioned above the 
diagram for total number of breakouts. Diagrams are scaled in 10° 
intervals. Listed are (1) the basin in which the wells are located, 
the composite identification, (3) totals of feet (n) and number (n),

(2) 
(4)

the radius or maximum frequency (r), (5) circular mean of the data, and 
(6) angular deviation of the data.
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Midland BMla (feet):
IX 4

_ n- 99.0 
E r. 33.0

mean- 86.0 degree*
.nfii.r der.<- 0.0 degree*

IddlaBd BMta (teet): 
K 1
n- 490.0 
r- 309.0
mean- 18.6 degree* 
«nfii«r der.- 10.4 40.4 degree*

Midland Baain (number):
1X4

_ a- 1.0 
E r- 1.0

mean- 86.0 degree*
angular dev.- 0.0 degree*

Midland BMla (number): 
EC 1
a- 6.0 
r- t-0
m««n- 16.7 dMTMfl 

.~ 13.0 4

Midland Barin (feet):
TX40

_ a- 408.0 
E r- 188.0

mean- 168.6 degree* 
- 89.6

10dUa4 BMla (feet): 
TX6
n- 146.0 
r- 30.0

- 01.0 decree* 
der.- 90.8

Uldlaud Badn (number):
TI49
n- 14.0
r- 3.0
mean- 180.6 decreM

." 86.8 degree*

UldUnd BMla (number):
K 6
a- 6.0
r- 1.0
mean- 04.1 degreee

.<- 97.0 degree*

FIGURE 13.  Rose diagrams of Midland Basin breakout orientations. For each 
well, the rose diagram for total feet of breakout is positioned above 
the diagram for total number of breakouts. Diagrams are scaled in 10° 
intervals. Listed are (1) the Basin in which the well is located, (2) 
the individual well identification, (3) totals of feet (n) and number 
(n), (*J) the radius or maximum frequency (r), (5) circular mean of the 
data, and (6) angular deviation of the data.
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Midland Bula (fMt):
TXB1
a- 148.0
r- 44.0
m«an« 160.7 damM
angular d«r.- 25.4 d«gr*M

IDdland BMtn (numbw):
TX61
a- 6.0
r- 1.0
m«*n- 160.0 dam*
4hgul«r drr.- 81.7 d

FIGURE 13. Continued.
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Gulf Coastal Plain (feet):
Composite
n= 445.0
r» 376.0
mean- 2.9 degrees
angular dev.« 13.2 degrees

Gulf Coastal Plain (number):
Composite
n= 8.0
r« 6.0
mean*3 175.7 degrees
angular dev.« 16.8 degrees

FIGURE 15.  Composite rose diagrams of Gulf Coastal Plain breakout
orientations. The rose diagram for total feet of breakout is positioned 
above the diagram for total number of breakouts. Diagrams are scaled in 
10° intervals. Listed are (1) the basin in which the wells are located, 
(2) the composite identification, (3) totals of feet (n) and number (n), 
(*0 the radius or maximum frequency (r), (5) circular mean of the data, 
and (6) angular deviation of the data.

57



Oulf Coaital Plain (feet):
AH 17
n- 445.0
r- 376.0
mean*- 1.6 decree*
angular der.*> 14.0 degreee

Oulf Coertel Plain (number):
AH 17
n- 6.0
r- 6.0
mean** 179.0 decree*
angular der.- IB.O decrees

Oulf Cocrtal Plain (feet):
OK 23
n*> 338.0
r- 182.0
mean- 3.0 decree*
angular der.*> 36.0 degree*

Oulf Coaital Plain (number):
OK 23
n- 4.0
r- 1.0
mean*- 152.0 degree*
angular der.*> 34.3 degrees

FIGURE 16.  Rose diagrams of Gulf Coastal Plain breakout orientations. The
rose diagram for total feet of breakout is positioned above the diagram 
for total number of breakouts. Diagrams are scaled in 10° intervals. 
Listed are (1) the area in which the well is located, (2) the individual 
well identification, (3) totals of feet (n) and number (n), (H) the 
radius or maximum frequency (r), (5) circular mean of the data, and (6) 
angular deviation of the data.
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FIGURE 17.   Marietta-Ardmore Basins well-location maps A and B. Well
locations with inferred orientations of SHmax are solid dots with bars, 
and open circles with bars are well locations with data sets that were 
"no good." Only wells having statistiacl data qualities of "A" thru "C" 
are plotted with stress orientations. Wells having "D" quality data are 
solid dots. Sp^ax orientations are weighted by length, "A" qualities 
are the longest and "C" qualities the shortest. Structural and 
physiographic provinces are heavy solid lines or dashed lines. State 
boundaries are dashed-dot lines and county boundaries are thin solid- 
dashed lines. Map B is an enlargement of the area southwest of Ardmore, 
Oklahoma. 
more wells in close proximity.

Well locations with two orientations of S^max indicate two or
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Marietta-Ardxnore Basins (feet):
Composite
n« 5827.0
r« 873.0
mean= 143.6 degrees
angular dev.  36.7 degrees

Marietta-Ardxnore Basins (number):
Composites
n= 125.0
r« 12.0
mean= 138.0 degrees
angular dev.- 37.7 degrees

FIGURE 18.  Composite rose diagrams of Marietta-Ardmore Basins breakout
orientations. The rose diagram for total feet of breakout is positioned 
above the diagram for total number of breakouts. Diagrams are scaled in 
10° intervals. Listed are (1) the basins in which the wells are 
located, (2) the composite identification, (3) totals of feet (n) and 
number (n), . (*0 the radius or maximum frequency (r), (5) circular mean 
of the data, and (6) angular deviation of the data.
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Uarietta-Ardmor* Bailo* (fe«t):
OK 26
n- 14.0
r- U.O
mean** 68.0 degree*
angular der.- 0.0 d«graat

UarietU-Ardmor* Beiln* (feet):
OK 10
n- 68.0
r- 42.0
mean** 21.4 degree*
angular der.«* 26.1 degree*

Uarietta-Ardmore Ba*in* (number):
OK 28
n- 1.0
r- 1.0
mean- 68.0 degree*

der.>* 0.0 degree*

Uarietta-Ardmore Baitn* (number):
OK 10
n- 2.0
r- 1.0
mean- 179.6 degree*
angular der.- 30.8 degree*

UarietU-Ardmore Batin* (f««t):
OK 30
n- 93.0
r- 80.0
m«an« 62.1 dicraM
angular der.- 93.8 degree*

UarletU-irdmore Baria* (feet):
OK 29
n- 171.0
r- 121.0
m«an« 36.8 degree*
angular der.- 82.9 degree*

Uarietta-Ardmore Ba*m* (number): 
OK 30 
n- 2.0 

B r- 1.0
mean« 26.6 degree*

 .- 38.7 degree*

Uarletta-Ardmore Bada* (number):
OK 29
n- 3.0
r- 2.0
mean* 40.1 degree*
angular der.- 23.8 degree*

FIGURE 19.  Rose diagrams of Marietta-Ardmore Basins breakout orientations.
For each well, the rose diagram for total feet of breakout is positioned 
above the diagram for total number of breakouts. Diagrams are scaled in 
10° intervals. Listed are (1) the basins in which the well is located, 
(2) the individual well identification, (3) totals of feet (n) and 
number (n), (4) the radius or maximum frequency (r.), (5) circular mean 
of the data, and (6) angular deviation of the data.
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Itartetta-Ardmore Bute* (feet):
OK 33
n- 83.0
r- 30.0
mean- 83.6 degree*
angular der.- 26.3 degree*

ICartetta-Ardmore Baaln* (feet):
OK 38
n- 220.0
r- M.O
mean- 49.7 degree*
angular der.- 14.0 degree*

Uartetta-Ardmore Ba*ln« (number):
OK 33
n- 4.0
r- 1.0
BMtn« 76.7 d«gr«M
angular d«r.- 26.0 d«fre«i

Uartetta-Ardmer* Baalna (number):
OK 32
n- 6.0
r- 2.0
mean** 66.2 decree*
angular der.*> 17.9 degreee

UarletU-Ardmore Baalu (feet):
OK 46
n- 220.0
r- 117.0
mean« 36.9 decreee
angular der.*> 12.6 degreee

HarletU-Ardmore Baalaa (feet):
OK 46
n- 690.0
r- 297.0
mean** 134.7 degreee
angular der.*> 26.3 degree*

Uarletta-Ardmore Baain* (number):
OK 46
n- 4.0
r- 2.0
mean- 37.3 degree*
angular der.» 12.1 degree*

llartetta-Ardmore Baalna (number):
OK 46
n- 3.0
r- 1.0
mean- 136.7 degree*
angular der.- 21.6 degree*

FIGURE 19. Continued.
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Uartetta-Ardmore Baiin* (feet):
OK 48-40
n- 146.0
r- 00.0
mean** 80.0 degree*
angular der.** 32.3 degree*

Ifartetta-Ardmor* Baimi (feet):
OK 47
n- 227.0
r- 118.0
mean** 23.2 degree*
angular der.** 5.0 degree*

Uartetta-Ardmore Baiin* (number):
OK 40-40
n- 8.0
r- 2.0
mean** 103.0 degree*
angular der.** 34.0 degree*

ifarletta-Ardmore Baiinj (number):
OK 47
n- 2.0
r- 1.0
mean** 23.0 degree*

.** 5.0 degreee

ifarletta-Ardmore Baain* (feet):
OK 52
n- 110.0
r- 70.0
mean** 164.0 degree*
angular der.** 29.0 degree*

UarletU-irdmere Badns (feet):
OK 81
n- 31.0
r- 10.0
mean** 83.0 degree*
angular der.- 4.0 degree*

Uartetta-Ardmore Ba*in* (number):
OK 82
n- 4.0
r- 1.0
mean** 117.7 degree*
angular der.** 36.7 degree*

Uarletta-Ardmore Baaln* (number):
OK 81
a- 2.0
r- 1.0
mean** 63.0 degree*
angular der.** 8.0 degree*

FIGURE 19.~ Continued.
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yarletta-Ardmore Budna (feet):
OK 64
n- S4.0
r- 70.0
mean- 64.6 degree*
angular der." 3.7 degree*

Martetta-Ardmore Bertn* (feel):
OK S3
a- 861.0
r- 88.0
mean- 31.8 decree*

der.- 86.7 degree*

Uarletta-Ardmore B*em* (number):
OKB4
n- 8.0
r- 1.0
mean- BS.O degree*
 ng»il*r der.- 0.0 degree*

UarietU-Ardmore Badn* (number):
OK 53
n- 10.0
r- 8.0
mean- 16.8 decree*

.- S3.7 degree*

Marlette-Ardmore Batln* (feet):
OK 60
n- 36.0
r- 20.0
mean- 61.6 degree*
angular der.- 9.2 degree*

MarietU-Ardmore Barin* (feet):
OK 55
n- 344.0
r- 183.0
mean- 80.1 degree*

der.- 86.8 degree*

Uarletta-Ardmore Bacm* (number): 
OK 00
n" B-° 
r- 1.0
mean- 40.0 degree* 
angular der.- 9.9 degreee

Uartetta-Ardmere Baein* (number):
OK 00
n- 10.0
r- 8.0
mean- 61.7 degree*
angular der.- 32.3 degree*

FIGURE 19. Continued.
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Uarletta-Ardmore Barin* (feet):
OK 68
n- 22.0
r- 22.0
mean** 13.0 degree*
angular der.- 1.4 degree*

MarlelU-Ai-dmore Ba*in* (feet):
0X67
a- 194.0
r- 120.0
mean** 163.1 deer**!
angular der.- 34.6 degree*

UarletU-Ardmore Buin* (number): 
OK 68 
a- 1.0 
r- 1.0

UarletU-irdmore Ba*in« (number):
OK 67
a- 4.0
r- 1.0
m««n*> 66.8 degree*
 AfuUr der.- 30.3 degree*

UarletU-Ardmore Buliu (feet):
OK 60
a- £18.0
r- 128.0
mean** 09.8 decree*
 AfuUr der.- 18.7 degree*

U&rietU-Ardmere Bum* (feet): 
OK 69 
n- 18.0 
r- 10.0
rneta- 148.8 decree* 
angular der.- 9.9 ddegree*

tlarletU-Ardmore Bo*lu* (number):
OK 80
a- 4.0
r- £.0
mean** 97.1 degreie
angular der.- 18.7 degree*

UarletU-Ardmore Ba*ln« (number): 
OK 69 
n- £.0 

1.0
mean- 148.0 degree* 
angular der.- 9.9 ddegree*

FIGURE 19. Continued.
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UarlatU-Ardmora BMtai (faat):
OK 68-70
n- 604.0
r- 106.0
m«an» 146.0 dajraai
 nfular dar.- 23.3 dagraa*

IfertatU-Ardmora Bajfcw (faat): 
OK 61 
n- 179.0 
r- 70.0

>» 128.1 dajr*M
.- 30.7 dagraaa

Uarlatta-Ardmora BMtu (aumbar):
OK 68-70
n- 16.0
r- 6.0
mean- 141.7 dajraai
angular day.- 26.B dagraat

Uarlatta-Ardmera BMtu (number): 
OK 61 
n- 0.0 
r- 3.0
m*«a- 181.1 dajraaa 

dar.» 86.8 d

UarlatU-Ardmora BMtu (faat):
OK 64-67
n- 300.0
r- 110.0
mata» 118.7 dafraa*
angular d«r.» 16.3 dagraat

lUriatta-Ardmera Budni (faat):
OK 63
n- 30.0
r- 81.0
mata» 67.8 datraaa
anfular d«r.- 83.0 dagraaa

llarlatU-Ardmora Badoj (aumbar):
OK 64-67
n- 6.0
r- 3.0
maan« 123.0 dagraaa
 afular der.- 13.4 dagraa*

Itarlatta-Ardmora BM!M (numbar):
OK 63
n- 3.0
r- 1.0
maaA» 80.6 dacraaa

.- 83.6 dacraaa

FIGURE 19. Continued.
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Uarietta-Ardmoni Btrin* (feet):
OK 88
n- 120.0
r- 41.0
mean- 146.9 dear***
angular der.- 33.2 degree*

Ifarietta-Ardmore Bartn* (feet):
OK 66
n- 191.0
r- 136.0
m*an- 104.2 deer***
angular der.- 10.0 degree*

Uartatta-Ardmor* Ba*in* (number):
OK 66
n- 4.0
r- 2.0
mean- 146.6 degree*
angular der.- 28.7 deer***

U*rl*tU-Ardmor* B«am* (numbar):
OK 66
n- 6.0
r- 3.0
m«an- 106.9 dagr*M
angular der.» 11.0 d*gr*«*

U*rt*tU-Ardmor* Baatu (I**t):
OK 71
n- 193.0
r- 126.0
m«an- 104.2 d*jr*«*
angular d«r.- 23.6 d*gr**«

llaHatU-Ardmer* Baatna (f**t):
OK 70
n- 133.0
r- 92.0
mean- 40.7 dagraat

.- 28.1 d*grea«

U*rt*tU-Ardmor* Bulnj (numbw):
OK 71
n- 3.0
r- 1.0
m«an- 103.0 dagrcM

." 36.6 d«gr«as

llariatU-Ardmer* Buln* (numbar):
OK 70
n- 6.0
r- 2.0
maan- 169.7 deer***

dor." 40.2 dagraa*

FIGURE 19. Continued.
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UarletU-Ardmore Buu* (feet):
OX 73-00
n- 566,0
r- 866.0
mean- 41.6 decreee
angular der.- 6.2 degreee

UarletU-Ardmere Bealne (feet):
OX 78
a- 811.0
r- 160.0
mean- 100.7 decreee
angular der.  28.1 degreee

UarletU-Ardmore Baetne (number):
OK 73-60
n- 6.0
r- 2.0
mean- 46.3 degreee
angular der.- 8.7 degreee

UarletU-Ardmore Baelne (number):
OK 72
n- 3.0
r- 1.0
mean- 146.2 degreee
angular der.- 31.7 degreee

UartetU-Ardmore Batine (feet):
OK 75
n- 54.0
r- 32.0
mean- 64.8 degreee
angular der.** 14.6 degreee

Uarletta-Ardmere Baetni (feet):
OK 74
n- 121.0
r- 104.0
mean- 00.4 degreee
angular der.- 8.3 degreee

UarletU-Ardmore Beeln* (number):
OK 75
n- 2.0
r- 1.0
mean- 68.0 degreee
angular d«T.- 14.8 degreee

UarletU-Ardmore Bedne (number): 
OK 74

3.0
1.0

n- 
r-
mean- 102.1 degreee 

?.- 17.4 dangular der.< degreee

FIGURE 19.  Continued.

71



IfarietU-Ardmor* BMtna (feet):
OK 77-78
a- 163.0
r- 83.0
mean- 37.3 deer***

d«T.*> 18.3

HarUtU-Ardmor* BMfaui (to«t):
OK TO
n- 88.0
r- 70.0
mean- 98.7 d«fr«M
angular d«r.» 1.8 degree*

UarletU-irdmer* B«ditf (number):
OK 77-78
a- 8.0
r- 8.0
mean** 40.6 d«fr*M

der.- 81.8 d*gr«M

IforlatU-Ardaer* 
OK 76 
B- 8.0 
r- 1.0
m**a~ 100.6 d«m«c 

.- 8.6 d

karielU-Apdmor* But&v (feat): 
OK 83-84 
n- 163.0 
r- 56.0 
m«ut«* 189.0

Itartotta-AHman BMfaui (fMt): 
OK 81-88 
a- 338.0 
r- 93.0 
m«*h- 130.6

iUrletU-Ardmore Butaw (number):
OK 83-84
n- 6.0
r- 8.0
mean* 138.1 d«jr«M
angular der.- 87.8 d*fr«M

iUrleita-Ardmor* Baaln* (anntb«r):
OK 81-82
&- 10.0
r- 8.0
mean~ 125.6 d«jr*M
a&tular der.- 32.6 d*gr«M

FIGURE 19. Continued.
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UarletU-Ardmere Barta*
OK 88
B- 148.0
r- 78.0
mean- 102.7 degree*
angular d*r.- 18.0 degree*

Uarletta-Ardmer* Bt*Uu (leet):
OK 86
B- 138.0
r- 78.0
mean- 07.0 degree*
angular der.- 31.6 degree*

Uarietta-Ardmore Ba*ln* (aumbar):
OK 88
B- 3.0
r- 1.0
mean> 103.2 defraci
anfular der.- 10.7 defreci

)Carl«Ua-Ardmor« Batlxu (aumbar):
OK 86
B- 3.0
r- 1.0
mean> 128.0 d«fre«»

.- 29.0 degreM

yarletta-Ardmor* Bailni (feet):
OK 88
n- 161.0
r- 138.0
mean> 176.8 deircci
angular d«r.- 8.1 d«cr«ei

Uartetta-Ardmor* Baalni ((Mt
OK 87
B- 08.0
r- 41.0
mean> 128.6 dvgreei
aafular der.- 20.1 d

Uatiettd-Ardmor* Baaiaa (number):
OK 88
n- 2.0
r- 1.0
mean- 183.0 decree*
aafular dev." 14.8 de(reei

Uarietta-Ardmor* Bailni (number):
OK 87
B- 8.0
r- 2.0
mean- 111.7 decree*
angular der.- 32.6 degree*

FIGURE 19. Continued.
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Uarletta-Ardmor* Ba*Jn> (feet):
OK 00
n- 216.0
r- 86.0
m«an- 106.2 degree*
angular der.- 12.2 degree*

llarleUa-Ardmore Bailni (feet):
OK 60
n- 263.0
r- 172.0
mean- 163.2 degree*
angular der.- 24.6 degree*

Uartetta-Ardmor* Bactn* (number):
OK 00
n- 3.0
r- 1.0
mean- 164.6 degree*
angular d«r.- 12.3 degree*

llarleUa-Ardmore Baaln* (number):
OK SB
n- 11.0
r- 0.0
mean- 140.1 degree*
angular d«r.- 29.4 degree*

llarietU-Ardmere 8a*ln* (feet):
TX 2

_ n- 004.0 
E r- 320.0

mean- 3.0 degree*
angular der.- 22.3 degree*

llarietta-Ardmere 8a*ln> (feet):
OK 03
n- 200.0
r- 104.0
mean« 160.7 degree*
angular d«r.- 0.6 degree*

Ilarietta-Ardmor* Bailni (number):
TX2
n- 21.0
r- 6.0
mean- 17B.O degree*
angular der.- 23.0 degree*

Uarletta-Ardmore Baalu* (number):
OK 03
n- 7.0
r- 4.0
mean- 100.3 degree*

der.  0.2 degree*

FIGURE 19. Continued.
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Uarietta-Ardmore Bastu (feet):
IX 6
n- 828.0
r- 608.0
mean- 13B.7 degree*
angular der." 14.2 degree*

Uarietta-Ardmore Bastu (number):
TIC B
n  6.0
r- 4.0
mean- 137.3 degree*
angular der.- 0.8 degree*

Uarietta-Ardmore Ba*in* (feet):
TIC 46
n- 108.0
r- 42.0
mean- 102.4 degree*
angular der.-> 18.6 degree*

Uarietta-Ardmore Bailn* (number):
TIC 48
n- B.O
r- 2.0
mean- 07.B degreee
angular der.- 20.3 degree*

FIGURE 19. Continued

75



0
5
°

0
4

°
6

0
 

K
IL

O
M

E
T

E
R

S

4
0

 
M

IL
E

S

FI
G

UR
E 

20
. 

A
rk

o
m

a 
B

as
in

 w
e
ll

-l
o

c
a
ti

o
n

 m
ap

. 
W

el
l 

lo
c
a
ti

o
n
s 

w
it

h
 
in

fe
rr

e
d

o
ri

e
n

ta
ti

o
n

s 
o

f 
S H

m
ax

ar
e 

so
li

d
 
d
o
ts

 
w

it
h
 
b
ar

s,
 

an
d 

op
en

 
c
ir

c
le

s 
w

it
h

b
ar

s 
ar

e 
w

el
l 

lo
c
a
ti

o
n
s 

w
it

h
 
d

at
a 

se
ts

 
th

a
t 

w
er

e 
"n

o 
g
o
o
d
."

 
O

nl
y 

w
el

ls
 

h
av

in
g

 s
ta

ti
s
ti

a
c
l 

d
at

a 
q

u
a
li

ti
e
s 

of
 

"A
" 

th
ru

 
"C

" 
ar

e 
p
lo

tt
e
d
 w

it
h
 

st
re

ss
 
o

ri
e
n

ta
ti

o
n

s.
 

W
el

ls
 

h
av

in
g

 
"D

" 
q
u
a
li

ty
 
d
at

a 
ar

e 
so

li
d

 
d
o
ts

. 
SH

m
ax

 o
ri

e
n
ta

ti
o
n
s 

a
re

 w
ei

g
h
te

d
 

by
 

le
n
g
th

, 
"A

" 
q

u
a
li

ti
e
s 

ar
e 

th
e 

lo
n
g
es

t 
an

d 
"C

" 
q

u
a
li

ti
e
s 

th
e 

sh
o
rt

e
st

. 
S

tr
u

c
tu

ra
l 

an
d 

p
h

y
si

o
g

ra
p

h
ic

 
p

ro
v

in
ce

s 
ar

e 
he

av
y 

so
li

d
 
li

n
e
s.

 
S

ta
te

 
b
o
u
n
d
ar

ie
s 

ar
e 

d
as

h
ed

-d
o

t 
li

n
e
s 

an
d 

co
u
n
ty

 
b
o
u
n
d
ar

ie
s 

ar
e 

th
in

 s
o

li
d

-d
as

h
ed

 
li

n
e
s.



TA
BL

E 
9

. 
W

e
ll

-b
o

re
 
d
a
ta

 
fo

r 
th

e
 

A
rk

om
a 

b
a
si

n
 

A
rk

ox
na

 B
as

in

W
el

l 

N
am

e

C
o

m
p

.

A
R

2

A
R

3

A
R

4

A
R

5

A
R

6

A
R

T

A
R

8

A
R

9

A
 R

IO

A
R

1
1

A
R

1
2

A
R

1
3

A
R

1
6

A
R

1
6

C
o
u
n
ty

 
 

S
eb

as
ti

an

P
o
p
e

Y
el

l

P
er

ry

Jo
h

n
so

n

Jo
h

n
so

n

P
o
p
e

C
o

n
w

ay

S
eb

as
ti

an

L
o
g
an

Jo
h
n
so

n

C
ra

w
fo

rd

S
eb

as
ti

an

L
o
g
an

L
at

.

 
 

3
5

.2
2

4

3
5
.4

0
2

3
5
.1

1
3

3
5
.0

4
5

3
5
.6

6
3

3
5
.5

3
6

3
5
.3

1
2

3
5
.3

6
6

3
5
.1

9
3

3
5
.2

7
8

3
5
.4

9
9

3
5
.5

1
0

3
5
.3

5
6

3
5

.2
0

8

L
o
n
g
.

 
 

-9
4

.1
5

9

-9
2

.9
7

4

-9
3

.5
4

5

 9
2

.8
1

6

-9
3

.6
1

6

-9
3

.6
4

6

-9
2
.9

4
1

-9
2

.7
8

3

-9
4

.1
0

7

-9
3

.7
6

2

-9
3

.6
1

1

-9
4

.3
3

5

-9
4

.3
8

6

-9
3
.4

9
1

G
ro

u
n
d
 

L
ev

el
 (

ft
)

 5
4

7

8
5
6

3
8
3

4
0
4

13
30

6
1
0

3
3

7

6
5
0

5
9

6

9
2
9

4
5

2

70 5
2
8

12
65

W
el

l 

D
ep

th
 (

ft
)

 6
7
4
2

46
34

12
18

9

11
36

4

+
4
0

4
64

9

76
45

3
13

5

12
13

6

9
9
7
6

46
69

21
57

61
99

9
3
0
3

L
o
g
g
ed

/ 

In
te

rv
al

 (
ft

)

 

6
6
4
1
- 

63
41

2
6
2
9
- 

4
6

1
9

9
0
6
9
- 

12
17

5

9
5
4
8
- 

11
35

3

+
1
0
1
5
- 

+
4

1

14
75

- 

4
6

3
6

47
8-

 

76
40

+
1

1
5

- 

3
1

2
3

5
1
4
5
- 

12
11

9

74
04

- 

9
9
7
6

3
0
8
3
- 

4
6

6
7

+
2
1
3
- 

2
1

5
7

4
0
6
8
- 

61
98

9
6
1
- 

92
83

D
a
ta

 

In
te

rv
al

 (
ft

)

 
 

5
8
2
1
- 

6
3

4
7

3
5
2
5
- 

4
2
6
7

93
85

- 

11
98

1

10
84

8-
 

10
93

2

+
6
8
6
- 

+
5
6
4

3
1
7
7
- 

45
76

57
35

- 

72
41

19
40

- 

2
7
9
5

7
1
4
1
- 

12
11

9

7
6
9
8
- 

98
76

3
1
3
6
- 

44
68

17
69

- 

17
77

4
8
7
1
- 

58
44

4
1
4
3
- 

79
11

B
re

ak
o
u
t 

F
ee

t

17
10 18 14
8

10
65

16
6

83 10
8

86 70 41 66 24
3

18 18
3

7
1

7

B
re

ak
o

u
t 

N
u

m
b

er

30 1 6 10 2 2 4 2 3 2 2 '5

1 6 7

L
o
g
 

Q
u
al

it
y

 

F
ai

r

F
ai

r

F
ai

r

F
ai

r

G
o

o
d

G
o
o
d

F
ai

r

G
o
o
d

G
o
o
d

F
ai

r

P
o
o
r

P
o
o
r

V
.G

o
o

d

F
ai

r

S
ta

ti
st

ic
a
l 

Q
u
al

it
y

- N
G

D B N
G

D C D C C D C N
G

B N
G

M
ea

n
 

D
ir

ec
ti

o
n

16
0

0 15
8

5 12
0

28 15
5

35 13
2

73 16
6

60 14
6

12
3

14
0

S
ta

n
d
ar

d
 

E
rr

o
r

6.
6

 2
.3

3
.7

17
.1

15
.2

13
.0

7.
0

10
.0

8
.8

2
0
.3

1
0
.3

 6
.4

1
1
.7

A
n
g
u
la

r 

D
ev

ia
ti

o
n

36 - 3
0 12 2
4

2
2 2
6 10 17 12 29 2
3 - 16 31

S
H

at
k

x

70  68 95  11
8

65 12
5

42 16
3

76 15
0

 33  

C
o
m

m
en

ts

B
as

in
 c

o
m

p
o
si

te

B
im

o
d
al

-q
u
es

ti
o
n
ab

le

B
im

o
d
al

-q
u
es

ti
o
n
ab

le

D
ep

th
s 

ar
e 

in
 f

ee
t 

b
el

ow
 s

ea
 l

ev
el

 u
n

le
ss

 o
th

er
w

is
e 

st
a

te
d

. 

D
as

h
es

 i
n

d
ic

at
e 

n
o 

d
at

a 
av

ai
la

b
le

.



-E

Arkoma Basin (feet):
Composite
n« 1710.0
r« 438.0
mean= 172.0 degrees
angular dev.- 28.7 degrees

Arkoma Basin (number):
Composite
n= 30.0
r= 6.0
mean= 180.0 degrees
angular dev.= 38.2 degrees

FIGURE 21.  Composite rose diagrams of Arkoma Basin breakout orientations. 
The rose diagram for total feet of breakout is positioned above the 
diagram for total number of breakouts. Diagrams are scaled in 10° 
intervals. Listed are (1) the basin in which the wells are located, 
the composite identification, (3) totals of feet (n) and number (n), 
the radius or maximum frequency (r), (5) circular mean of the data, and 
(6) angular deviation of the data.
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Arkoma Baatn (feet):
AR3

- a- 148.0 
E r- 60.0

mean" 158.8 decree*
angular der.- 98.8 degree*

Arkoma Batfn (feet):

a- HO
r- 19.0
mean- 1.0 degree*
angular der.- 0.0 degree*

Arkoma Baaln (number):
AR3
n- 8.0
r- 8.0
mean* 168.8 degree*
angular der.- 30.8 degree*

Arkoma Ba*tn (number):

n- 1.0
r- 1.0
mean- 1.0 degree*
angular der.- 0.0 degree*

Arkoma Baaln (f**t):
AR 6
n- 188.0
r- 84.0
mean* 180.4 d*jr***
angular der.- 84.8 degree*

Arkoma Baata (feet):

a- 1088.0 
r- 410.0
mean- 178.1 degree* 
angular der.- 9.8 d

Arkoma Baaln (number):
ARC
n- 2.0
r- 1.0
mean- 120.0 dejreee
angular der.- 24.8 degree*

Arkoma Baala (number):

-, a- 10.0
E r- 8.0

mean** 4.8 degree* 
angular der.- 11.8 degree*

FIGURE 22. Rose diagrams of Arkoma Basin breakout orientations. For each 
well, the rose diagram for total feet of breakout is positioned above 
the diagram for total number of breakouts. Diagrams are scaled in 10° 
intervals. Listed are (1) the basin in which the well is located, (2) 
the individual well identification, (3) totals of feet (n) and number 
(n), (4) the radius or maximum frequency (r), (5) circular mean of the 
data, and (6) angular deviation of the data.
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Arkoma Ba*tn (feet):
AR7

_ n- 10B.O 
E ,. 38.0

mean** 155.3 degree*
angular der.- 26.9 degree*

Arkom« Baata (feet):

n- 63.0
r- 70.0
mean» 11.8 degree*
angular d«r.- 15.0 d«cr*M

Arkoma Buta (number):
AR7
n- 4.0
r- 1.0
m*an*> 155.3 decreM
 ttftilar d«r.- 80.0 degreee

ArkoDM B«<la (number):
AR6
n- 8.0
r- 1.0
XMUK- 88.0 dtfrwM
^iif !lar d*r.*» 81.5

Arkonu Ba*in (feet):
ARB
D- 70.0
r- 56.0
mean> 136.8 decree*
 nfuUr der.- 14.2 decree*

Arkem* B*da (feet): 
ARB 
n- 66.0 
r- 70.0
m«aa» 88.8 decree* 

.- 7.7 ddegree*

Arkoma Ba*in (Dumber):
ARB
D- 3.0
r- 8.0
mean- 131.6 degree*
angular der.- 17.4 degree*

Arkome. Bejin (number):
AH 6
n- 8.0
r- 1.0
neon** 38.0 decree*
angular der.- B.6 decree*

FIGURE 10. Continued.
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Arkom* Buta (feat):
AH 11
a- 66.0
r- 40.0
m«aa- 156.9 d«jr««s
aaculu* d«r.- 27.7 decrees

Arkom* Be*!a (feet):
AR 10
a- 41.0
r- 39.0
meea- 60.4 degree*

.« 9.7 degreee

irkom* BMta (number): 
AR 11 
a- 8.0 
r- 1.0
mtui** 166.0 decr«*i 

.- 20.6

Arkoau B&otn (number) 
AR 10 
a- 2.0 
r- 1.0
meea** 72.6 decree* 

'.- 12.4 t

Arkoou &« !& (f««t):

a- 18.0 
r- 16.0

- 146.0 d«cr«M 
- 9.9 d

AritooM BMla (fMt): 
All 12 
a- 243.0 
r- 148.0 

» 64.7

ArkooM BMia (aumb«r): 
AR 13 
a- 1.0 
r- 1.0 
m«*n- 146.0

irkome Burta (number): 
All 12 
n- 6.0 
r- 2.0
meea* 60.4 decree* 

'.- 1M.O d

FIGURE 22. Continued.
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Arkoma B*«ia (feet):
AR 15
n- 183.0
r- 74.0
mean» 118.8 dafreei
angular der.- 18.1 dafr*M

Arkoma Bailn (number):
AR 15
n- 8.0
r- 8.0
me*n» 122.8 degree!
 ttfular der.- 15.0 d«cre«f

Arkoma B*ftn (t««t):
AR IB
n- 717.0
r- 310.0
m«*n~ 174.9 d«fr««i

.- 34.9 d«|r*M

Arkoma Baita (number):
AR16
n- 7.0
r- 1.0
me*n~ 139.6 deer***
angular d«r.- 30.9 d*cr*M

FIGURE 22. Continued.
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35"

96*
60 KILOMETERS

40 MILES

FIGURE 23.  Ouachita fold belt well-location map. Well locations with
inferred orientations of SHmax are solid dots with bars and open circles 
with bars are well locations with data sets that were "no good." Only 
wells having statistiacl data qualities of "A" thru "C" are plotted with 
stress orientations. Wells having "D" quality data are solid dots. 
SHmax orientations are weighted by length, "A" qualities are the longest 
and "C" qualities the shortest. Structural and physiographic provinces 
are heavy solid lines. State boundaries are dashed-dot lines and county 
boundaries are thin solid-dashed lines.
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Ouachita Fold Belt (feet):
Composite
n« 64.0
r= 31.0
mean- 65.7 degrees
angular dev.= 14.9 degrees

Ouachita Fold Belt (number):
Composite
n= 4.0
r= 1.0
mean= 65.9 degrees
angular dev.= 17.6 degrees

FIGURE 24.  Composite rose diagrams of Ouachita fold belt breakout
orientations. The rose diagram for total feet of breakout is positioned 
above the diagram for total number of breakouts. Diagrams are scaled in 
10° intervals. Listed are (1) the area in which the wells are located, 
(2) the composite identification, (3) totals of feet (n) and number (n), 
(4) the radius or maximum frequency (r), (5) circular mean of the data, 
and (6) angular deviation of the data.
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Ou»cMU Fold B«lt (f«»t):
OK 66
n- 1363.0
r- 999.0
m«an- 187.6 d«gr««i
Angular d«r.- 20.6 d«fr«ai

OuacMta Fold B«K (number):
OK 66
n- 7.0
r- 1.0
m«an- 139.6 dMTMi
anfuleir d«r.« 33.7 d

OtukoUU Fold Belt (tat):
OK 06
n- 64.0
r- 31.0
mean- 66.6 d«ir«M
 ngylur d«T.- 16.1 dtfTI

OuaohlU Fold B«U (numbtr):
OK 06
n- 4.0
p- 1.0
m»an- 64.6 di|r«M
aagular d«r.- 16.1 d«(r««i

FIGURE 25.  Rose diagrams of Ouachita fold belt breakout orientations. For 
each well, the rose diagram for total feet of breakout is positioned 
above the diagram for total number of breakouts. Diagrams are scaled in 
10° intervals. Listed are (1) the area in which the well is located, 
(2) the individual well identification, (3) totals of feet (n) and 
number (n), (U) the radius or maximum frequency (r), (5) circular mean 
of the data, and (6) angular deviation of the data.
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39*

35»
92* 90*

40 MILES

FIGURE 26. Mississippi embayment well-location map. Well locations with 
inferred orientations of S Hmax are solid dots with bars. Only wells 
having statistical data qualities of "A" and "C" are plotted with stress 
orientations. SHmaxorlentations are weighted by length, "A" qualities 
are the longest and "C" qualities the shortest. Structural and 
physiographic provinces are heavy solid lines. State boundaries are 
dashed-dot lines and county boundaries are thin solid dashed-lines.
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Mississippi Embayment (feet):
Composite
n= 1957.0
r= 1037.0
mean= 157.1 degrees
angular dev.« 7.0 degrees

Mississippi Embayment (number):
Composite
n= 19.0
r= 6.0
meon= 163.1 degrees
angular dev.« 8.8 degrees

FIGURE 27. Composite rose diagrams of Mississippi embayment breakout
orientations. The rose diagram for total feet of breakout is positioned 
above the diagram for total number of breakouts. Diagrams are scaled in 
10° intervals. Listed are (1) the area in which the wells are located, 
(2) the composite identification, (3) totals of feet (n) and number (n), 
(4) the radius or maximum frequency (r), (5) circular mean of the data, 
and (6) angular deviation of the data.
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UiMtulppl Embayment (feet):
AR 1
n-17B4.0
r- 948.0
mean" 168.4 degrees
angular der.- 8.9 decree*

UlMlMtppl ImbaTmeat (number); 
AR 1
n- 11.0
r- 6.0
mean- 188.6 decree*
angular der.- 10.8 decree*

UbriMlppt Bmbajment (feet):
AR 14
n- 173.0
r- 89.0
mean-* 188.7 degree*
angular der.- 8.9 degrea*

UUnlMlppl Embayment (number):
AR U
n- 8.0
r- 3.0
mean-* 186.2 degree*
angular der.- 8.6 degree*

FIGURE 28.  Rose diagrams of Mississippi embayment breakout orientations. For 
each well, the rose diagram for total feet of breakout is positioned 
above the diagram for total number of breakouts. Diagrams are scaled in 
10° intervals. Listed are (1) the area in which the well is located, 
(2) the individual well identification, (3) totals of feet (n) and 
number (n), (4) the radius or maximum frequency (r), (5) circular mean 
of the data, and (6) angular deviation of the data.
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STATISTICAL CALCULATIONS OF BREAKOUT DATA

Statistical values (mean direction, standard error of the mean, and 
angular deviation of a data distribution) can be calculated for each well and 
subarea data set by either using (1) the total number of individual breakouts 
as the population size, each breakout being a discrete observation; (2) the 
total of feet of breakout as the population size, each vertical foot of 
breakout within the well bore being a discrete observation; or (3) both number 
and feet of breakout, each breakout being a discrete observation that is 
weighted according to its length (feet). The frequency or number of 
observations at a given orientation (1°-180°) or within a degree interval (1°- 
10°, 11°-20°, etc.) is the number of breakouts, feet of breakout, or weighted 
number of breakouts at that orientation. The results presented in this report 
are based on statistical calculations using number of breakouts (tables and 
rose diagrams) and feet of breakout (rose diagrams). Conclusions about 
inferred stress orientations are based on number of breakouts. For the 
following reasons, statistics using number of breakouts seem to be most 
accurate for calculating true mean, standard error, and angular deviation of 
this type of data.

The observed overall length or extent of vertical elongation of an 
individual breakout within the well bore may be influenced by a number of 
arbitrary variables that include lithology, fracture history, rock fabric, 
horizontal stress difference about the well bore, and the elapse time between 
drilling completion and logging. The extent to which each of these variables 
affects breakout length has not been fully documented; however, a number of 
studies have included references to the general influence of one or more of 
these factors: Bancock, 1978; Bell and Gough, 1982; Hickman and others, 1985; 
Haimson and Herrick, 1985; Kaiser and others, 1985; Zoback and others, 1985; 
Plumb and Hickman, 1985; Dart and Zoback, 1987; and Paillet and Kirn, 1987. It 
may be correct to assume that all or several of these variables may function 
together to promote or limit breakout lengthening.

Whereas breakout length (feet of breakout) appears to be subject to the 
influences of a number of variables, breakout occurrence (number of breakouts) 
is closely related to rock strength and the in situ stress annulas about the 
borehole (Haimson and Herrick, 1985; Zoback and others, 1985). Statistical 
calculations based on feet of breakout could bias the results favoring longer 
breakouts. These results may or may not be an accurate reflection of the true 
state of stress; however, statistics resulting from calculations based on 
number of breakouts may also have certain limitations. Paillet and Kirn (1987) 
observed that breakout formation is "discontinuous" in intervals within 
boreholes where fractures, cooling joints, or vesicles were present and that 
"continuous" breakouts appeared to be associated with intervals with few 
fractures. Thus, fractures within the well bore may promote the formation of 
more individual breakouts, increasing breakout number.

The preferred orientation of a set of discrete breakouts, regardless of 
length, generally appears to be most reliable in calculating breakout 
statistics. However, the apparent consistency between mean breakout 
directions based on number of breakouts and on feet of breakout for most data 
sets in this report (see rose diagrams) supports the idea that among the wells 
sampled, breakout length is arbitrary. Statistics based on breakout length do 
not necessarily present a distorted evaluation of stress orientations.
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Calculation of Mean Direction

The north-south and east-west trigonometric components of the mean vector
are:

N-S component = 

E-W component =

cos29i) 

sin29i)

Where f^ is the frequency (number of breakouts or feet of breakout) for a 
given 1° or 10° interval, 9^ is the midpoint of the degree interval (vector 
angle). Breakout data, whether feet or number, are considered as a circular 
distribution of two-dimensional vectors that are axially symmetric. In order 
to avoid the two symmetrical halves of the distribution canceling one another 
and thereby producing a nonsymmetric periodic distribution, only half the 
circular distribution (1°-180°) is considered (Curray, 1956). By doubling the 
vector angles (9^), as shown above, the data is thus distributed over the full 
360° period of the unit circle. The angle 2e. is converted to radians.

Subsequently, Cartesian or rectangular coordinates (C and S) of the mean 
vector can be determined:

C = Z(f i 'cos29 i )/Zf i 

S = Z(f i -sin29 i )/Zf i

The length (R) of the mean vector is then calculated as:

R = Jc 2 + S 2

R is a measure of the concentration or dispersion of the data about the mean 
vector (Batschelet, 1965). If the value of R is close to 1.0, then the amount 
of dispersion is small. It is necessary to correct the value of R if the data 
are divided into degree intervals greater than 1°, otherwise the value of the 
angular deviation will be inaccurate. The corrected value (Rc ) can be found 
by:

R sinB

where & is half the arc of the degree interval in radians (Batschelet, 
1965). If the degree interval is 20°, then B = 10° 0.1 7^5 radians.

Finally, the angle of the mean vector (9) or the mean direction can be 
calculated:

sin2e = S/R or sin2e = S/R ,

and

cos 29 = C/R or cos 29 =

9 = \ (arcsin(sin29)) 

9 = (arccos(cos29) )



Convert 9 to degrees. If sin29 is a negative value, then

9 = 180° - 9

Calculation of Angular Deviation

The angular deviation (a) is the dispersion of the data about the mean 
direction. When the amount of angular deviation is <50°, 6? percent of the 
data will lie within ±<j° of the mean direction (Batschelet, 1965):

(1-R) or ac =

Convert the value (a) from radians to degrees.

Calculation of the Standard Error of the Mean

The standard error of the mean for distributions with large (>^0) or 
small populations is given by Spiegel (1961) as follows:

where SE is the standard error and N is the population size (number of 
breakouts or total feet of breakout in the data set).
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