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Introduction

Exploration for "roll-front" type deposits of uranium depend on 

extensive drilling programs. The cuttings from the holes are examined 

for evidence of alteration (oxidation) of the uranium bearing sands 

which indicates the passage of oxidizing fluids. The holes are 

routinely logged (typically for gamma count, resistivity, and self 

potential) to obtain information on lithology and the presence of 

uranium or its daughter products. A major need for such exploration 

programs is a methodology to determine distance from the roll front; 

or at least to determine in which direction the roll front lies.

The purpose of this research was two fold: 1) we wanted to 

determine if hole position relative to the roll front could be 

determined from geophysical and mineralogical data and 2) we wanted 

to evaluate the relative values of the geophysical and mineralogical 

variables for hole position and redox (reduction-oxidation) state 

dis cr iinina t ion.

A stepwise discriminant computer program, BMD07M from the 

University of California biomedical series, was used to analyze the 

data. This program provides for dividing the data into class groups 

for subsequent analysis. The mean vectors for each group are computed 

along with the covariance and correlation matrices for all of the data. 

F ratios (statistic to test equality of means between each pair of 

groups, see Dixon, 1974) are used to select the order in which the 

variables are used for discriminating between the classes. The F 

ratios provide a measure of the relative importance of all variables.

I



Finally, the variables are canonically transformed (Feal, 1964) and 

the data plotted against the first two canonical variates. This shows 

the separability of the classes and the existence of any trends 

between the classes.

Data from three regions were analyzed: 1) Bruni, Texas, 2) Irigaray, 

Wyoming and 3) Lamprecht, Texas. Only the data from Bruni, Texas were 

adequate for the research proposed. At Irigaray the holes which had 

been cored were too close to the roll front to establish valid redox 

or distance classes. At Lamprecht the entire region had undergone 

secondary reduction which resulted in a very confusing redox status 

across the roll front. Only 6 feet (2 m) of core showed a distinctly 

greater oxidation status compared to all of the other footage. This 

is not an adequate sample of a population. The results of the analyses 

are presented separately for each region.

Bruni Data

The Bruni data consist of five boreholes traversing the, known ro.ll 

front (see fig. 1). Two boreholes are located on the unaltered side, 

two on the altered side and the fifth hole is in the roll front. It 

should be noted that the holes range out to 3,000 feet (100. m) from the 

roll front.

A total of 234 feet (72 m) of core was analyzed. The core 

consisted of sandstone and shale units within the uranium bearing strata 

and neighboring units both above and below the ore zone.



The data used were supplied by Wyoming Mineral Corporation (WMC). 

They consisted of a lithologic log and both geophysical and mineralogical 

information as well as the redox state for each foot (1/3 m) of core. 

The geophysical logs were interpreted by WMC at % foot (15 cm) 

-intervals. Since the mineralogical information was recorded at one 

foot (1/3 m) intervals, the geophysical information was averaged to one 

foot (1/3 m) intervals. The following geophysical logs were run by WMC 

for this study: gamma, SP dipole, SP single point, resistivity, IP, 

and IP ratio. WMC also provided bulk mineralogy in ppm on: pyrite, 

garnet, zircon, monazite, maghemite, ilmenite, lights, and limonite. 

In addition, WMC also furnished x-ray data on the relative presence 

of feldspar, clay, and calcite. The weight percentage of heavy 

minerals was also used. Therefore, a total of six geophysical and 

twelve mineralogical variables were recorded for each one foot (1/3 m) 

of core. These eighteen variables were transferred to computer cards 

and used to analyze the statistical parameters of the 235 feet (72 m) 

of Bruni section.

Hole Discrimination

First, the Bruni data were grouped according to its five boreholes 

before running the stepwise discriminant analysis to see if the data 

were sufficient to distinguish the five different boreholes. Four runs 

were made using four different sets of variables. The first run used 

all eighteen variables. The second run used only the six geophysical 

variables. Its canonical plot (see fig. 2) indicates much overlap.



The third run used the five best log variables from the second run and 

the best variable from the first run, maghemite. Figure 3 shows the 

canonical plot of the third run. The addition of maghemite greatly 

aided in distinguishing between the holes. The fourth run (see fig. 4) 

gave the best discrimination. It used the best six variables from the 

first run.

Redox Discrimination

Then the data were regrouped according to their redox states which 

had been indicated by WMC as altered, unaltered, or ore. The initial 

redox run using the stepwise discriminant analysis revealed erroneous 

data.points. Therefore, data points with a high probability of 

belonging to a group other than their present group were regrouped or 

removed. Additional stepwise discriminant analysis runs were made with 

additional cleaning until a tight grouping with good separation between 

groups was achieved. Figure 5 shows the canonical plot of the cleaned 

data using all eighteen variables. This cleaning and regrouping 

indicated that the sixteen feet (5- m) of section above the ore located 

in hole 47 was also ore. When using all eighteen variables maghemite 

and gamma were the most important variables in discriminating between 

redox states.

Figure 6 gives the canonical plot of the cleaned data when the 

six geophysical logs were used exclusively in the stepwise discriminant 

analysis. Here gamma was the most critical variable.



Figure 7 is the canonical plot of the cleaned data using the six 

best variables determined from the run using all eighteen variables 

and it shows excellent discrimination between the three redox states.

Finally, the stepwise discriminant analysis was run using the 

five best geophysical log variables and maghemite. This plot is shown 

in figure 8 and displays good separation between groups as well as 

trends from one group to another.

Sand-Shale Discrimination

The next step was to test the ability to separate the sandstone 

units from the shale units using the information available. This was 

done by dividing the sandstone and shale into two groups based on 

lithologies before running the stepwise discriminant analysis. The 

first run used all eighteen variables (see fig. 9). The computer 

analysis disagreed with only one sandstone data point and six shale 

data points, with all six of the questionable shales being a sandy 

shale. The most important variables in distinguishing the two groups 

were resistivity, IP ratio, and monazite.

The stepwise discriminant analysis was run again on this data, 

but this time using only the six geophysical variables. The sands 

were all accepted as correctly grouped but eleven of the shales data 

points were questionable. Again, all eleven were sandy shales. For 

this analysis IP ratio and resistivity were the most important 

distinguishing variables (see fig. 10).



Therefore, since the program could distinguish the pure sand 

units from the pure shale units but had difficulty with the combination 

sandy-shaly units, the data were regrouped into three classes: pure 

sand, pure shales, and "dirty" sandy-shaly units. The stepwise 

discriminant analysis program was run using these three classes and 

all eighteen variables (see fig. 11). The canonical plot showed good 

grouping even though a good separation was lacking. Here IP ratio, 

monazite, and IP were found to be the most important distinguishing 

variables.

A second run was performed using only the six geophysical 

variables on the same three classes. This resulted in a somewhat 

tighter grouping of the shales (see fig. 12). Here, IP ratio, 

resistivity, and IP were found to be the most important distinguishing 

variables.

Redox Discrimination - Sands Only

Finally, the sand data points were used exclusively and grouped 

according to their redox state. The data were grouped into three 

classes: altered, unaltered, and ore. When using all eighteen 

variables in the stepwise discriminant analysis the three groups were 

well separated and with the exception of a few altered data points 

they were grouped tightly (see fig. 13). The most important 

distinguishing variables were maghemite, gamma, and ilmenite.

When the six geophysical variables were used exclusively on the 

sands there was a good separation of the ore data points but a poor



separation of the unaltered from the altered data points. The ore 

grouping was not as tight as when all eighteen variables were used 

(see fig. 14). Here, gamma, IP, and then SP single point proved to be 

the most important variables.

Irigaray Data

The irigaray data consisted of nine boreholes. The nine holes 

were drilled as three, groups of three holes, each group ideally having 

one hole in the roll front, one hole on the altered side, and one on 

the unaltered side of the roll front (see fig. 15). Unfortunately, 

the holes were not spaced widely as at Bruni, but were spaced so 

closely that it is possible that there is no difference in the redox 

states between the holes.

A total of 1230 feet (375 m) of core were analyzed. This core 

included the ore bearing strata plus the units above and below the ore 

bearing strata. A minimum of 1440 feet (439 m) of core per hole were 

used. The strata consisted of sandstones, shales, conglomerates, and 

one thin coal seam.

The data used for statistical analysis were supplied by WMC. They 

consisted of six geophysical logs: gamma, SP dipole, SP single point, 

IP, IP ratio, and resistivity. Bulk mineral analysis was provided on: 

garnet, apatite, zircon, monazite, maghemite, ilmenite, epidote, 

amphibole, biotite, chlorite, and pyrite with two x-ray analyses: 

feldspar and clays. In total, there were nineteen variables recorded 

for each one foot (1/3 m) of core. These data were transferred to



computer cards and used in analyzing the statistical parameters of the 

Irigaray data.

Redox Discrimination

The data were subdivided into four groups based on redox 

information provided by WMC. The four groups included: unaltered, 

altered, strongly altered, and mineralized. These four groups were 

then put through the stepwise discriminant analysis program. This was 

done to see if there was a significant difference in the parameters of 

each group such that the four groups were distinguishable. Since there 

was a great deal of overlap within the groups, the data were cleaned 

by removing the data points which the computer listed as in the altered 

and unaltered groups but which WMC had listed otherwise. At the same 

time the points which the computer gave high probability as being 

highly altered and mineralized were moved into their correct category.

After cleaning, a second stepwise discriminant analysis was run. 

This run represents the best distinction between groups that could be 

obtained and still retain the original grouping (see fig. 16).

All of the above Irigaray runs had been made using nineteen 

variables. Next, the stepwise discriminant analysis was run on the 

cleaned data using only the six geophysical variables to determine the 

usefulness of geophysics in determining the redox state of each sample. 

Figure 17 shows the plot of this run. There is extreme overlap among 

the four groups. The low F values indicate very little difference 

between the classes.
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Irigaray 9S

The data from the nine Irigaray holes were not giving good canonical 

plots as the Bruni data had. This could be because the data did not 

actually represent three distinctly different redox states because the 

holes were drilled so close together. After reexamining the position 

of the nine holes with respect to the roll front, it was decided to 

reexamine the data using only three holes: 9-1, 9-2, and 9-3 (see fig. 

15), because these holes showed a greater spacing between each other 

and the altered hole and unaltered hole were located further from the 

roll front.

Using holes 9-1, 9-2, and 9-3, the data were again grouped 

according to redox states. A stepwise discriminant analysis was run 

using all nineteen variables (see fig. 18). The canonical plots showed 

some distinction between redox groups. Unfortunately, this plot looked 

very similar to the first redox run using all nine holes. But here, 

the three most important variables were listed as resistivity, biotite, 

and zircon.

Since this run did not show any improvement, the data from the 

three holes were regrouped according to the original redox states given 

by TOMC. The previous Irigaray runs were based on the second redox 

states given by WMC.

The canonical plot seen in fig. 19 resulted from using the nineteen 

variables on the original redox groupings of holes 9-1, 9-2, and 9-3. 

Here, there is a stronger distinction between the redox groups, even 

though the grouping is not as tight as in the Bruni data. Clay,

apatite, and epidote were the most important distinguishing variables.
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The canonical plot using just the geophysical variables showed no 

distinction between redox states.

Hole Discrimination

Next, the data from the three holes were regrouped according to 

the three holes so that a stepwise discriminant analysis could be run 

to see if there was a distinction between the three holes. Figure 20 

is the canonical plot of this run using all nineteen variables. It 

shows that there is a difference between the holes. The most important 

discriminating variables were feldspar, SP single point, and SP dipole.

Lithology Discrimination

Finally, the data from the three holes were grouped according to 

lithologies: shale, sandstone, and conglomerate. The canonical plot 

using the nineteen variables shows a distinction between the shale and 

the sandstone conglomerate units. It also shows an overlap between 

the sandstone and conglomerate (see fig. 21). Here, garnet, SP single 

point and biotite were the most important variables.

Evaluation

The Bruni data gave good canonical plots of the redox states. 

The plots showed tight grouping and distinct separation between groups. 

Even when using the geophysics alone a distinction could be seen.

However, the Irigaray data did not give the same good plots. The 

plots were improved somewhat when using the three boreholes and by
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using the original redox grouping given by WMC. But, the plots did 

not show a good distinction in redox states. However, when grouped 

according to borehole or lithologies good plots resulted. Therefore, 

this suggests that either there is no difference in redox states or 

that the mineralization in the Irigaray area is more complex.

Lamprecht Data

The Lamprecht, Texas, data consist of ten boreholes (hole 11 was 

not used) traversing the known roll front as shown on fig. 22. Five 

holes are in close proximity to the roll front (4, 5, 6, 7, and 8), 

three holes are above the roll front (1, 2, and 3), and two are below 

it (9 and 10).

A total of 430 feet (131 m) of core log data were analyzed. 

Geophysical log data were averaged over one-foot (1/3-m) intervals to 

correspond to the analysis of the core. The geophysical data were the 

same as those used for the other sites. The bulk mineralogy and other 

lab data which were available for analysis at this site include: 

pyrite, limonite, hematite, garnet, zircon, monazite, apatite, rutile, 

tourmaline, magnetite, ilmenite, biotite, clay lights, weight heavies, 

weight pyrites, clay^ molybdenum, selenium, magnetic susceptibility, 

and calcite.

Hole Discrimination

The data were separated first according to the ten holes to be 

analyzed. The hole discrimination results using all 26 variables
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are given in fig. 23. Although a great deal of apparent overlap 

between the holes is indicated by fig. 23, the classification results 

using all 26 variables were very good. In general, the errors in 

classifying data by holes were in the order of 10 to 20 percent except 

for hole 2 which had 50 percent of its data classified as being from 

hole 1.

The most important variables for hole discrimination were (in the 

order of their importance) IP ratio, SP dipole, gamma, pyrite, 

selenium, limonite, clay lights and monazite. All other variables were 

of too little significance to be of any consideration.

Next, the six geophysical variables were used for hole

discrimination and the two-dimensional canonical plot for this analysis 

is given in fig. 24. More overlap between the hole classes is obvious 

and we found that the actual classification accuracies were very 

greatly degraded,with correct classifications ranging from less than 

50 percent to as high as 90 percent. It was particularly interesting 

to note that hole 2 was no longer confused with hole 1 when only the 

geophysical variables were included for discrimination. Figure 25 

shows the canonical plot of the data samples when pyrite was added to 

the five best geophysical variables. A general improvement in 

classification accuracies resulted from the addition of pyrite but the 

improvement was not significant. Perhaps of greatest interest is the 

fact that now 50 percent of the data from hole 2 are again classified 

as being from hole 1. It is apparent, therefore, that the pyrite data 

is actually causing confusion in the hole classifications between holes

1 and 2.
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The data were then divided into three redox classes which were 

designated as being unoxidized, oxidized and high uranium (ore). We 

should stress that there was really apparently very little difference 

in the oxidation characteristics of the core samples and that only 

seven feet (2 m) of core were indicated as being highly oxidized. 

These data were first classified using all 26 variables. The 

classification results were very good, with only seven feet (2 m) of 

the 378 feet (115 m) of unoxidized data being misclassified as high 

uranium. All of the seven feet (2 m) of oxidized data were correctly 

classified and three feet (1m) of the 45 feet (14 m) of high uranium 

data were misclassified as being unoxidized. This is consistent with 

the very tight, well-separated groupings of the data shown on fig. 26. 

The most significant variables for the redox classification were pyrite, 

clay lights, zircon, gamma, apatite, and ilmenite. The highest F 

value for these variables was 212.

The data were then classified using only the six geophysical 

variables with the results shown on fig. 27. Obviously, there is now 

a great deal of confusion between the three redox classes. For instance, 

111 feet (34 m) of the 378 feet (115 m) of unoxidized data were now 

classified as being oxidized. Considerable improvement was noted when 

pyrite was added to the five best geophysical variables, but a plot of 

these results is not available for display.

The poor results obtained for the Lamprecht site up to this point, 

along with relatively low correlation between variables (compared to 

the other sites) suggested that perhaps the core and geophysical log
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footages were not well correlated. To investigate this possibility, 

the one-foot (1/3-m) data were averaged over three-foot (1-m) intervals 

and then subjected to the same analyses described for the one-foot 

(1/3-m) data. From a comparison of fig. 23 and fig. 28, it is obvious 

that the data for the holes are now in more compact groups with 

greater separations between the groups. The classification results, 

however, were not significantly better. The most significant variables 

were essentially the same, but their F values were considerably reduced. 

This reduction in F values is somewhat surprising considering the 

comparison between the plots on fig. 23 and fig. 28.

Figure 29 shows the redox classification plot for the 3-foot (1-m) 

averaged data using all 26 variables. Again, the best variables are 

essentially the same and in this instance the F values for both the 

1-foot (1/3-m) and 3-foot (1-m) data are relatively unchanged. The 

classification results for these 3-foot (1-m) averaged data were perfect 

That is, all data for the three redox groups were correctly classified. 

No further analysis on these data was undertaken because the 

correlations between variables were not significantly affected by the 

averaging. This would tend to indicate that the original data were 

properly correlated relative to depth positions.

Conclusions

The analysis of the data for Bruni, Texas, is far superior in 

terms of the significance of the results and the behavior of the 

variables and the groups of classes. It is unfortunate that the data
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at Irigaray were all obtained from holes very close to the roll front 

and that the data from Lamprecht, Texas, were obtained in an area having 

a very confusing oxidation characteristic. Despite these difficulties, 

the multivariate analysis of geophysical and mineralogical data appears 

to be a very powerful tool for obtaining a greater understanding of 

the geologic, geophysical and mineralogical status of a region.

15



N

XB126C / /

. / -*p  - Roll Front

B133C ./. v
B125Q S

B047C

B132C

Roll
~Front

B048C

1000 Ft. 
300 II

Figure 1 Location of Drill Holes - Bruni, Texas Data analyzed for holes 
figure y\2to B125C, B047C, B115C and B1l6C e Information on exact

location withheld.

16



-8.200 -4.200
-2.200

-.200 "3T<JOO
5.600

7.800

7^133
f- .600

dll33
s.800

«!l33 
4.800

4!l33
J.eCO
3.«67 
3.123

2.467 
2.133
i.eoo
l.*67 
1.133

.eoc

Il33
-,*CC
-.£33 
-.847 

-1.2CO
-1.533 
-1.667

-c.rl'3 
-3. -67
-3.500
-3.533
-3. £67

-4.533
-4.S67 
-5.200

"' -E.S33
_ c ,^£7

" -6.2-13 

-7.200
-7.533 
-7.667

-S.200
-?.s33
-5.667

_

*

c c
  .9

mean C T

.'»   . mean T T, f 
u f u c TT

U U«U LU CCCC C C S T $T T
s   mean U c sc c c TT T T

Ull « SC CC $*C C$ Q C $ «S $
U« U $ SS 5 CSSCCSS C $ TT T 

IJ CC$S CCO CCliSCS Q TT 
fj 0 $ C DC 0 T S $ OT   0 G

0 C 0 $S *T fS 00
0 0 C OC 0 TS C

DOS 0 0 C
0 D 00 Q 

0 D Q QO
mean D   o o . o

0 D o mean Q
1 00

0 0 ODD S
$

0
o D Code used tor ^ borenoies
o       

Variable 5 F Value TJ ss 116

SPSP 328 D «. 115

IP 38 T - 47
Gamma 39 Q « 125 

SP Dipole 15 C = 126

resistivity 14 $ * Overprint

IP ratio 2 *   mean value (each class)

-   7.-'

7.4 * 
7.1? 
6.5
6.46 
6.13:
5.0:

slir'
4.60

4.13-"
3. SO:
3.46 
3.13: 
2.3"

2.*-;:
2. 1 3-"

1.4*'

1.13]

. fc*

  t " 
-1.?.
-l.fi 3 -l.g-' 

-2.?

-2."  '

-3.-'.

-4.-

-4.86 
-5. 9' '

if-;:
"""-6.5:--

-7.?"

-7.3: " 
 8.? *

:!:5; :
-9.5. 

-10. 20-

-n.20C -4.200 3.flOo 7.ROO
-in.son -2.200 l.POO 5.800

Jlgure 2 - Hole Discrimination at Bruni, Texas using the 6 log variables.

17



SjiaJ'i...,,...  * .

10.200

0 £ ^ ̂

6.667

e*2oo
7 .*3 33
.7*200

*IS33
. _ S.200

4.667 
4.533

. 4.200

S!S33 
. 3.200

2.867 
3.S23
2.200.
1.667 
1.S33 
1.200

.667 

.533 

.200
-.133 
-.467
-. 00

-1.133 
-1.467
-i.eoo
-2.133 
-2.467

-2.133

-2.600
-4.133 
-4.467 
-4.600
-5.133 
-5.467

-6.122 
-6.4fc7 

_. -ft. SCO..
-7.133 
-7.467 

. -7. feOO

j t ffa wi~ -3,800,, "*"" T200 "~ '. 4.2UQ   -ajM"--"J---*-tJ--tt"fi-200
-5.800 -1.800 2.200 6. 200 10. J 

i. ...*.. ..*....*....*....*....*....*....»....*....*....»....*.i. .*....*»...». ...< ..- >....*
... 4

Code Variable i1 VaJLue

u - lib 5PSP 328 

D = X^ Maghemite 190T - 47 «. -B, 
Q = 125 IP 32
L; = 126 
$ = overprint gamma 23
* = mean value . , . . . 4 * resistivity 14

. IP ratio 8
A *

c s
o   sc 
* cs

c cc
c c c

C OCCf C « CC
sec c

ccsc*s
0 SSS C C C CSC UU U 

*CSSQ C CC   . UU»SSU
c cc o uuu s sss

ooi c u
«OQ C

C 0 D SO 
0 DO 

  0 . 00 0 0
0 0   SO S

o o n coos
« . T 0 0

Q S C SOD 
T 00
s s

STST* T 
TTS«TT ST

$
' 

i >w^^ i . . __

T T 
ST 
TT T

T T 
T T

'

jrt*M,-OTi-w^,a,

,.-  10.;--:-
9 . <; .

  9.;
a. F:8.-"

8   f '.

7IS3 1
7.?:

6.?2

sl53-

4 |ct'

3.8^  ' 
3.533

"" 2.56 

2.VO'-

I . ? : 
  .*: t~
. s .'5

"   i -

-1.1 '.'.

~2 . ; "

-2 . r"" "-3.13
-3.4':'

- 3 .  " '
-4,1

'-s.: ?

-5. ?.;
-6 . 1 .: 

-6 . f- r
~ -7.r,

-5.800 2.200
.200 4.2<>0

6.200
A.ZOO

10.2CO

Figure J> - Hole Discrimination at Bruni, Texas using 5 log variables and 
maghemite*

18



-*».noo -2.000 2.000 6.000

7 
7

7

t.
e,
X

* 
 »

9

  2
1

*

a 1 

**  

'. '* W

 447 
333

 55?

333
ecu

333 
5CJ . 
S3 7 

223

ti ' 
333
tec
t ̂1 i

v J J
  w  

r:'

lie

«   «^ 
t * *

. ». ; 7

«   .? 

i 33

. * it .

.8.000 -4.000 -.000

... . .._......_ ........-......-... CC . .....
ssss c c

c _ "
c s s c.

c»cccc c
_ _ . _ _ _ ««._.._.... _ ...... . .. _ c _ c$ _ % _ ...

c
c$ t c

sc
u CC

U U * U«
$ »u s......... .. .. uu$»».. .  -- - -   o . no 0-0-

US S 0 0 
u 0000 

0 D
000    

000 0 C

0 00 DOS DO-' 

0
  o 

Variable F Value '

SPSP 328  ' u

Maghemite 190 D

 ELinenite 62 Q 

Limonite 33 * ^

IP 31 *

Garnet 20

4.000 e*o6o

 

 

c . §C

cccc 
* , . ,   ...

c
Q QQ

SSQ 00 ' . 
  QQQ 

**?0 SO
QS Q 

S 0 '

S S
S T 

T TT
S TS T S

S»T T T
T T TST T S

TJTT 
f T TT

PoHp

= 116

= 47
= 125 
= 126
= overprint 
= mean value

. 8.0" 

  7.66f 
7.33?

6.667 
6.333

5.667 
5*333

. _ 5.000 
4.667 
4.333 
4.. or, a
3.667
3.33"'

._. 3.C, 
2.667 
2.333

,     2.000
1.66?
1.33:

.. 1.000

. 3.

-.3.:" 

.-l.ooc-
-1.3?

- 2io'.
-2.2:

_. -3.0 

-3.c

-4.33.

-5.3. 

- -6lc n
-6.33- 
-6.6.

- -7.0C 
-7.33 
-7.6i

  ..-8.0C-C 
-6,3"

. --9.0-
-9.3:
 9.60/ 

. -10. 00°-

-3*000- -4.000 -.000 4.000
-10.000 2.000.

8.000 
-6.0.00 ....______.

Jlgure 4 - Hole Discrimination at Bruni f Texas using the "best 6 variables.

19



-ll.^no
2.6CJO

6. tCO

5.933

* . 6 '.' 0

5*^33
**   6 y j

?'lw

1*600
' .26?

.300

-.067 
-.400
-.733 

-1.067

-1.733

---.733 

-1.4QO

-2 1 067

-4.733 
-S. 06 ' 
-5. -00

-f .400
-'-733 
-7.C67 
-7 .401)

::S:
- "3 . 4 v")

-°.73J
"l".yb/

-I 1 .-0 )

-U

*....*.... ....*....*....*....*....*....*....*... .*....*....*....*....*....*....*....*....^

" 

i

e

u o I
A A UU

. A SAA   - e SS U UUUS U I 
* AS A . S U US SDUUS SSJ

S f A A A   5UUU   S . 
SA A   ff   SUUSfU U3U . 
$JS» ASa ' U-SUtjU U 5 U .

SS $S S A . |j *S S .
S Aft a ' ' u $  

A ..A U * 0 A 1; ... T
S * 4 U

* *

f A U
U

 

U - unaltered   !
*

A s altered . !

00.
0 « ore o o

0 0 .
$ = overprint ?    

* = mean value n ° « * 
oo I

0 . 
0

00 .
o o ,

0 .

-9.4-10 -"ri.MO -1.400 2.600 6.6<)0 
  * 0 0 "7.AOQ "3.^00 .600 *>»600

J__6.*00

s!600_
S.267 
4.933
4.600.
4.267 

3. 600

2.933 
_. 2-600

1.933
J.600
1.267

? .933 
.600
.267

-.067

..733 
-1.067
" ] . 4 C J

-1.733

-1:1$
-3.733 
-4.067
-4,400

-4.733 
-5.067

 4:5"
-6.733 
-7.06f 

...-7. -00
-7.733

-8.735
-9.067
-9.400
-9.733 

-10.06^ 
-10.400
-lf>.733 
-11.0*7
-11.400

Figure 5 - Redox Discrimiiiation at Texan till 18 variables*

20



-6.700 ' -S.7no
-7.200 -*

4.9CQ . ***' ** " * "" *'"

4.S50 . 
4.2CC . 
4.050 .
3.600 . 
3.550 . 
3.300 .
3.0=0 .

2.200 . 
2.050 . 
1.600 .
1.550 . 
1.300 . 0"
i.oso . n n
.$00 .CO 0 U 
.550 0 U   
.300 . C 0
.0=0 . n 

-.HOC .

"".Ill !

~ ;   i = o .
": 4<: = r *

- 3 . i C 0! .

-2.7C-J . 
-3.550 .
-t.Z";, . VpT'j.i.'blfi T"1 YpJjis

 '  ^ D   gannna 245

-il-so *. rp 43
-5.700 . ^

if'Jcc : SPSP 14
Is!?" ! ST-lUpolo 2
-  » . c 3 0 .
  T.'.rO . . . , ., ^
~7.7uc . resistivity 1
-7. SEC .
 - - . f. o o . ^ 
-F.4EO . -iJ ratio 1
-e.7c." , . . ._ ..

  7.? 00 "4 
-8.70P ' ' -5.70Q

-2.700 .^00 . 3,300 V
.200 -1.200 1.800 *.P

S 
ASA
A
SS

oo U SASASA 
'o . < $sis$u

S A SASSS
us AS»A

U 0 0 S S U USSSuSSSS
o oc . SSSA

U SiSS-S
u $

SS UU
u * ut   .

U S U
$ u u 
u

UUS-5 $
U SSuU 

SS
u u

. u u
UU

u u
u

U = unaltered

a A = altered

0 = ore

J * = mean value

.

.200 -:u?oo i.eoo  *.<
-2.700 .?00 3.300

00""" " '

4.P *

^ * T Q 0

3.800 
3.550 
3.300
3.050
2.80'J

2.3nO 
2.050 
1.POO

1.30'-'

. "* *  

.050

 "."*,
, . -.err.

"-1.4?'.' 
-1 * 

-1

1;
-2.
-3.. 
-3.
_ "5

-3,'-,.

-c , , 
-4.'

-a i - 

-s!-,
-&.?

-7,
-7.,. 
-7,

-8.? ". 
-S,- 
"C

300

Figure 6 - Redox Discrimination at Bruni, Texas using the 6 log variables, .

2L



-7.000 -3.000 
 S.OOO -1.000

1.000 S.OOO
3.000

9.000
7.000 11.000

11.000 
10.^67
10.. U3 
10.000

9^333
9.000
8.667
ft. 331
8.000 
7.667
7.133
7.000
6.667 
6.333
6.000
5.667
5.331
5.000
4.667
4.333
4.009
3.667
3.331
3.000
2.667
2.333
2.000
1.667
1.333
I. 000
.667
.333

-.000
-.333
-.667

-1.000
-1.333
-1.667
-2.000
-.?.333
-2.-.A7
-3.cc:
-1.333
-3.367
-4. COO 
-4.333
--.667
-5.000 
-5.333
-S.667
-6.000
-6.333
-6.667
-7.000-

Variable F Value

Maghemite 376

gamma 206
0

o * Limonite . 60

x ° Ilmenite 56
t 

% Garnet . 40

°o $ .IP ratio 23
00

0
'

S 0
0 ?i

1

A S
U

u
 

.
A

U AS
SS S

U SASA
U U U S£SSA S A

US S . S . SS $ « SS
SJ i SAi AS S

S SSUS AS SS
SSSSi* UU U U A   A AS SA A S

SSUS6 U U * . A
SS-b   A S

U U    

U = unaltered
A = altered
0 - ore
$ = overprint
* = mean value

11. OC

10! j
10.'.
9.6 
9.3.
9.00
6.66
a. 33
6.00
7.66
7.33
7.00
6.66

6.;
S.6b
S-'

5.
,

4.1
L

3.63- '

3
. 2:

c -*
2 .-
i ,
\
I

_ ,
_
 

  i
-1.
-1.
   »
_-;

«,p

-.5

-3. i

^** v

-4.
-5...' 
-5.3.
-5, '

-6,
-6-
-7. .

-5.000
-7.000 -3.000

-1.000
1.000

3.000 7.000
S.OOO 9.000

11.000

Figure 7 - Redox Discrimination at Emni f Texas using the 6 "best variable's.

i

22



 6.<V<h........ , ..._...-3.SOO....________._  WA..___._., ....!._... 2   ISO......... ..... ...... ..5.100
,'  -5.400 -2T*ftO .600 3.600

 .350 
(.100

i'.ecY
5.253
5.100 
4. S30
4.tOO 
4.250 
'4.100 
3.£50 
2.tCO 
3.250 
3.ICC 
2.S50

2.100 
1.350 
I.SCO 
.1.350 
1.1.00
,eso
.too

.ICO
-.1 = 0
- . '* C 0

- 1.1 5 C-
-l."00 
.-l.fcSU

-zilrO

C 

.0...

U
0

. .UJBO.

0 0

_ j._c:__.
s

CO
__._._u..

. ___.u______ u uuu
u suusuuu 

u u UU* *  u 
 suu

U $5*0$ U . 
_ LU$$$tl U __
u u$$$ u 

ssu

__ ? A Sft _S SA ~"AA" *
AS AA

A$ A 
A A AA S AS A

""">A AS-5»A" 3i»S $ 
JA A SSA A

-2'. 153
-2-* "0 
-' . t3 0
-3. SCO.
-4. ISO
-4,40,) 

-4. £20

- <t . S 0 0

-=.«, CO

-5.700 
-f .1 = 0
-e.^oo 

-t.^oo .

Maghemite
rcfi pnr^O

IP ratio

IP

SPSP

resistivity

^76
206

%

1
~6 "  """

^

U = unaltered

A = altered

0 = ore
- $  » overprint-- ------ ........

* = mean value

 

  . .  . .   -..- .._...,. ..-. .... .__... ...
,6'.l

-.900 2'190
3.600

5.100

.gure 8 « I?,ido:x Discrimnjiation at Bruni, Tor.---- n >ing 5 log variables and 
Ifaghemifce,

6.600
6.350
6.100

5.100

4.ioO 
3.P50 
3.600 
3.3^0 
3.103

2.600 
2.3SO
?. - 1 n o 
i.nso 
r.foo 
1.350 
1.100

.600
..?=o

.-!]CO 

- .400

1 - A P 0

1 .fc r:U 
1.900
>:.15G
i> . 4 ft 0

. ;3 , «, r- ;
/? . ' ; ' o

 » . A 0 0 
f» - (  ^ J

6.150 
6.400 
6 .65 j

23



 -*- *

> '

1 5.262
5.9W6 

4.734

4.33? 
4.206
4.030 
3.Bb4

... 3.678
3.50? 
3.326 
3.140
2.V73 
2.797 
2.62]..

1.417 
1.741 
1.565

N213 
1.036

.8'."!

; .684

  » '' ? 0
-.IV6 
-.37?

-.754

-I .253 

-1.6^5..

  i f j ?\  } 
-i. 533

: . "» C T 
  ? . * S 5

"< ". '.-3 7 
- 1* . ? i 3

-3-266 
-3,5*?
- 3 . 7 1 P.

-I..} 70

    _ _ j_ _ ^ 

*<246 ' -2. 133 -.020 " """"" 2.n93""~ A
,   -3.189 -1.077 1.036 3.

 

*

I S

  . * S p

S S 5   
S

s

! S S M
M

S S S M
s s s s

sr> M H
5 S '3 M 

S S S rJ  = SS M?i '1 H M 
f «?«; S S 5 .i* M M M

S? 3 <; S ~ 3 M^M r< 
. 5 S S S S SSSv   S tfM M 

S <iS « S<; SSS'"'. S <iS5 5 M M MO M
S SS $5 S'S S M M ' H MM

s s ss s s ^M 
<; s r:»ss s s M ^ M K

Sf--. S^ SS<53 MM K1 * 
qS?S5 S M .M M M M 
  5 li_

S 5
S 

c «; s ? H
s s s

s s

: ,_ ^_..

: /»?^«i
* = mean value

.-   ...... H_, uo .. _; __  . .. . _ _ _. .
149 5.262

5.262
5.046 
4.910 
4.73*

4.332

4.030 
3.554 
3.67?,
3.SU2 
3.326

2.973 
» 2.797 

2.621

1 2.26" 
2.093

  I 1 ' 7.*11

I liris 
1.034

.. ] .533
MV M T .33? 

H M , .1-5*? 
V . -.020

! -.37?
, -.5*9

M . -.72*
M M . , -.9; -3

-1.077
-l.27.-i

- 1 , fr r =
-l.'cl

- . _. t - c . t ' !
-2.*J 7 
-3.013

*- "> . 2 ;  * 

1 -Sim
-3.a9^
-4.07-

-3.189 -1-077 1.036 3.1*9 
-2.133 -.020 2.0<»3

Figure 9 - Sa-nd and Shale D.i«orr.:^r^.tior at Bsiini, Texas using all 18 variables.

24



-«...70.7-
-3.759 -1.861 """ ".036 " ""i.933

_ .__ 
3*630

l.93n
J.67? 
S.514 
J.356
3.197 
3.030 
2.8B1.
2.723 
2.565
2.*07
2.2*9 
2.Cr9l

.775 

.617

.300 
  1*2

.62* 

_ .51^.
.35? 

.036 .
-.122 
-.2dl 

__-.*39.

-V7b5 
. -.913
-1.071 
-] .22-3

-1.703 
. - i . 1 1 1
-2.020
-z.ire
-2 .* ?*
-2 .7 >'

.rSlza*..

-3.917

-*.39l 

-4.707.

M M 
M

M M 
M 

M

MKM M MM M 
i»MM,*«M.._. -J*L , - *~

M KM
M M M 

M

M 
M M

M

variables jj1 Value

TP ratio 178

resistivity 49

gamma 6

IP 3

SPSP 3
SP Dimple 2

f

s

s
M
SSS

M S S . . .
SS S

 MS S MS 
H S SSS

MM S S S 
M MS* SSSSSS 

M SS S S SSSS
M S S S S 

S SS SS S
MM M S SM SSS*

M M M S S S S 
M M SSSSS S SS

M e M SS SSS
M SSS

SS SMSS 
M S SS

M S 
S S

s s
M 

S
M S

S

. fv = -sand

M = shale

$ = overprint

* - mean value

s 
s

 

.. . s ...... _ ......
s 

s s s

s
SSS S

s
s

_ S «5 SS... . _ _ _  
s

s
5

S
s s

SS

s s
s

s

_

3.630
"3.672 
3.51* 
3.356
3.197 
3.039 
2.631
2.723 

2.«-07
2.2*9 

' 2.C91 
Jl.933
1.775 
1.617 
1.45*
1.300 
1.1*2
.98*
.626
.666 
.510
.352

-.122

-.5*7 
-.755

-1.071 
-1.229

-l!7o3

-2.020 
-2.173 
~?.336
-2«*9*
-2.652
-2.^10

-3.126 
-3.23*

-3 '.601 
-3.759

-*.233

-4.707

-3.759 .036 1.933
-^.707 -.913 2.831

3*630

Figure 10 - Sand and Shale Discrimination at Bruni, Texas vning the 6 geophysical 
variables.



-6,4b5 ' -3,999 -1.53Z .935 3.402
-S.232 -2.765 -.2*b 2.168 4.635

  402 .

i;579 1

I;/*/. ".

L;3*S !

1313 1

-.2*b ..
-IbO-* .
-.710 .

ilm .

l". 737 . 
1^%3 . 
?'. L^H .

00

.0 .... 

0 S

M MM"""H
MM 

M
M 0

.. .o_._._«._ s..
S » 0

DO
P o _ _ _ _ 

b " D
0 OS S

s s s
s s s ss 

ss s
.._..._$ . ...s...... .s .. _..$..

s s s s 
ss s s ss s ss s s

MM 
M

__   0_ SSSS S SS S S __ __ 
' M S SS SS S 

M H M SS S SS5*SSSSS S S
_ __ __ W_M__M.________________.*S S_..S...SSS. __._. . _____ 

  M M S SSSS
M S S S S SS 

__M M OMM _____H____S_S_ _S _ SS S_S__S_________
"M M ~   s sss ss s s
MM S S

__ _ H______________ -__S...S _ .5_.S________._________
S 

M SS S
__ __ _____________ _ ___S_5_____________________

4.635
4.430
4.224
4.018
3.813
3.607
3.402
3.196
2.991
2.785.
2.57V
2.374
2.168

.963

.757

.552

.346

_ ".935 . 
.729 
.524 ' 
.318 
.113

  .093
 .296

 -.504}

 Ni5
 1.121
 1.326
 1.532
 1.737
 1,943
 2.148

SS S

3.17b .

 5".'j26 . S s sand

= sha3.e

l~.Hl I * = mean value

 3.ITS
 3.362 _
 3 e S87
 3.793

 A.410
 4,615_
 4.821
 5.026
 5.232..
 5.437
 5.643
 5.849.
 6.054
 ft.260
 _6.,46_5_

-5.232 -2.765 -.299 2.168 4.635 
-b.465 -3.S»99 -1.532 .935 3.402

Figure 11 - Sand, Shale and Sandy-Shale Disciir.iinatiori at Bruni, Texas using 
all 18 variables*

26'



... Z.192. 3.21!

£.226 
5.058 
4.339 
4.72ft
4.55? 
4.3bl

4.0*6 
3.678 
3.709
3.5*1
3.37?
-1 p| A

3.035
2.S67
2 AC 2

2.529 
2.361
2 1 O5 '

2.02* 
US55
-1.6is7

i!:-Io
  1.151 
1.013 

.34* 

.676

.507 

.23>»

.001

-.673

- 1 . o i n

'- i . 5 . 5

-2.nl 
-2. LVr,
-3.35S 
-2.527 
-2.tt'-«"
^, -) ^. i, i

-3.201

- j . 1 0 b 
-3.b?5

-2.864 -.841 1.181 3.204

Variable P Value

S = sand ' IP ratio 105

M = shale resistivity 27

-    --- --  . j)   sandy  shale SP3P 5 

_ s ... .. $ = overprint IP 7

* = mean value SP dipole 2

gamma 1
"

s o
SDS SO S SS 0
SOS MSO M M 

_ .._.__ S -S-- S^ns s*;? SM D .. .. _ _... .... .., ._..... .....
SS SSS D 0 

S S S SS D
..._..... S- . S S-..SS...S . SS - *

S SS S S S 0 MO
S SS S SSS S MM M MM

. ..... ...... - - - S S S S SS SS - -S -MM - - M- .0 MM- M 
55* SSS SM SD M

S SS K * M
«j. S S MM

SS S S$ M MKM 
SS S SSSSS   M M M

.. . ._. .... _. SSS . S S S DM . M M M
S SSSSSSMMOM M 

S MM' MM

5 
S SS SSS -S

5

S S S

s .._....

5.226

... 5.226

. 5.058 
. . 4.669 

_. .. 4.720 .
4.SS2 
4.383 

... _.. 4.215_
. 4.046 
. 3.678 

3.709
3.541
3.372
3.204
3.035 

! .. 2^698
. 2.5,29 
» 2.361 

2.192
2.024 

. 1.855

1.518 
1.350

^ ,. 1-1M
. . 1.013
. «8<»4 

.676

.507 
. ' .338 

' . - .170
.001 

, -.167 
_..._. . -.336

-.504 
-.673 
-.841

-1.015 
-1.178 

4 - rl.347.
. . -1.515 

-1.684 
-1.353
-2.021 
-2.190 
-2.353
-2.527 
-2«6s>5 
-2.864
-3.032 

. -3.201 
-3.369

. -3.538 

. -3.706
. » JL..6I5

-2.664
-3.875 ,170 2.192 4.215

Figure 12 - Sand, Shale and Sjuidy-Shale Diacriroination at Bruni, Texas using* only 
the 6 fleophyoical variables.

f

27



"11.236

> . 0^4  
> . o S6  

fc.abS . 
k.lb7 . .

3.0b6 . .. . ...... .. ..- . ... . .--
2.718 . 
2.351 .

l.ol? .

.00? . . ... ...... 

.315  

-,5«J7 . 0 
-.Sic .- 0 

'1 .-4^1  > 00 0 -.. .-.-.._...
 1.0:54 , 0 00 00 
 Z.O-S . 0 *

 2.7*~ . 0 0 00 00 
 3.157 . 0 0

'-l:lll :
  +. / »"! .
- c. . / 1 -.- .

-7.1V7  

-».7 3 7 . Us: unaltered

*ll'H* '. ^ ~ altered

ii---6   * *= mean value

13".07-2 ^

-11.236

"6.349 -2.423 1.984 6, 391

... . . . 6.391 
* 6.024 

  « 5*656

AAA A . 4.922 
AA A A . 4.555 

... ..... ..... . AA A . ........   .....     .. . 4.167 .- 
A AAA AA . 3.B20 

AAAA* AA AA * 3.453 
, , AAAA A .   ,. ,,. . .  . , 3.006 .

. 2.718 

. 2.351

AA . 1.617 
A A . 1.250

........ _ ..__._.._.  :._..  ....   _... ..... _. ...__.....    ...._.... .B82  
.515 

. .l-»8
^^   ^,     , . -- --. - - - - ,-, -, - ----- i -.219

. -,5«7 

A A A . ,.--. . , -1 .321

U U I -2.0a5

UUUU . . -2.7*0 
U U» U UUU . -3.157 

^ ,^^ U U UUUlT UU U . ., -3.52^
U UU U , -3.8V2 

U U _ -4.259

. -4.9^3 
-5.361

.... . ....._.._. .. _ .. -5,723 i
-e.oss ;

. - L   *  fc ?

\ -7.564

c ~' -*      s -

t *  5 4 f ! j 3
A , -9.^00 

-9.7b7 
-10.13*

. -10.502 

. -10.869
- - - " ......._...,., "\i ,236

. -11.603 

. -11.971
., - - -12.338

. -12.705 

. -13.072

-6.829 -2.423 1.984 6.391 
-4.626 ~.?19 " 4.187

Figure 13 - Redox Dlocriniiiiation at Bruni, Ti-r j 
'section - all 18 variables.

only data from say;d

28



-'..(><  3 -1 . - *:. l.«)72 3.fOO .
7.4«i7

t.'*l\

o.or-7 
t» * *. i ^
6 - . «    » v 1

s   *  * ?

4 * O T^»

*.?'..  
*.( if-
3 . -' <  "

5 . ' I 7 
3.2JA

^   - s **
.. £   J 0 *

1 « / 1 ? 

'«".->- 

t . / 3 -

- .^J3 

...; »

- 1 . : - -. 

  ̂ , - 1'

  ~s . ' i - 

-2.-3=t

-J.191
~ 3   ** ' J *

  .......... ... i

Variable 7 value 

U - unaltered gamma 219

A = altered IP 42 _..... __....

0 = ore SPSP 6 

$ =. overprint resistivity 4
-.  - ----- ---       *-ss--mean~ value   "SP- dip ale ~   2     

  IP ratio - 0.1

n

A 
A

A 
A 

i GO
A A 0 

A A 0
AQ^^d Q ,,..,.,,.,,._.

A^t-AA AljU ' 0 
aAAA^-A Ui'J U U
.>£<IAAAJ *jS 0 * ,.,,   o ,  . ,

AAA s u u 0 
u   0 Q o

u U . 00 
u 

^ u 
u u i; 3

Ll U 1 '

0 U'J'JO 
UJ 0

u uu u uu'J
U J J __ ...._ . . _ ..

u
u

UJ

7. 0^0 
6.827 
6 . o 1 <* 
6 « *0 1 

. 6.18B 
5.975 
5.7b2 

.. _ 5.5*8 
5.335 
5.122 
4.909

4.483 
4.270 
A. 056 
3.8*3

3.2'J 
2.99^
2.77' 

2.564 
2.3^
2.13'^ 
1.9?-.-

..... 1.7K-

  C.',

""" '\2Zft

, 0 i-; "

« .*»"-'

-.6J-

-N27: 
. -1. *    ,

-l.r

-3.19)
- 3 . * ( ::! ;' 

1.P72
2.351

3.630
4.909 7.467

6.188

Figure 14 Redox Biacriiuination at Bruni, Texas using only data from sand 
section .- 6 geophysical variables.

29



FIGURE 15 LOCATION. OF CORE HOLES DRILLED TO SAMPLE THE IRIGARAY-
HOE ROLL FRONT. Exact location information withheld.
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Lamprecht, Texas. The numbers on this plot correspond to the hole 
numbers given on figure 22 except A stands for hole 10, 11 is not 
included, $ is for overprint and * is mean value.
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Figure 26 - Redox Discrimination vising all 26 variables « Lamprecht, Texas*
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These are for data averaged over 3-foot intervals. The numbers on 
this plot correspond to the hole numbers given on figure 22 except 
A stands for hole 10, 11 is not included, $ is overprint and * is 
mean value.
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Figure 29 - Redox Discrimination using all 26 variables - Lamprecht, Texas. 
	These are for data averaged over 3-foot intervals.
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