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TABLE A - Results from analysis of below X bentonite time-slice.
Results from Shannon diversity analysis include number of
different species (S) and estimates of Shannon diversity (H)
and its variance (var H). Results from principal components
analysis include normalized varimax component loadings for
components 1-3 and the communality for each locality.

Sample locality Diversity Principal Components
s H var H Comm. 1 2 3

Hot Springs, S.D. 29 2.282 .0034 .958 .560 -.334 .106
Morrison, CO. 25 1.989 .0040 .983 .,247 -.564 .190
Pueblo, CO. 31 2.625 .0024 .99% .141 -~.136 .723
Florence, CO. 27 2.636 .0021 .959 .767 -.509 .104
Thatcher, CO. 25 2.114 .0033 .983 .388 -.509 .104
Kearny Co., KS. 27 2.335 .0030 .944 ,633 -.226 .141
Las Vegas, N.M. 20 1.709. .0042 .987 .137 ~-.763 .100
TABLE B - Components from Principal Components Analysis of below

X bentonite time-slice. Component scores for important taxa
are given in parentheses.

Component % Cumulative
number % variance variance Important Taxa
1 39.54 39.54 Zygodiscus sp. 1 (.74)
B. ellipticum (.51)
2 37.03 76.57 W. barnesae (.90)
3 20.75 97.31 B. signata (.49)

Z. elegans (.48)
P. columnata (.38)
C. crenulatus (.36)
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TABLE C - Results from analysis of the above X bentonite time-
slice. Results from diversity analysis include species
richness (S) and estimates of Shannon diversity (H) and its

Results from principal components

variance (var H).

analysis include normalized varimax component loadings for
components 1-2 and communalities for each locality.

Sample locality

Hot Springs, S.D.
Lykins Gulch, CO.
Morrison, CO.
Florence, CO.
Pueblo, CO.
Graneros River, CO.
Thatcher, CO.
Wolcott, CO.
Lazear, CO.
Bunker Hill, Ks.
Hodgeman Co., KS.
Kearny Co., KS.
Las Vegas, N.M.
El Vado, N.M.

S

32
24
32
30
27
29
29
24
16
12
29
30
24
20

Diversity Principal Components
H var H Comm. 1 2
2.603 .0025 .886 .025 .975
2.424 .0019 .962 .213 .787
2.4%2 .0033 .948 .735 .265
2.675 .,0022 .903 .212 .788
2.375 .0031 .961 .767 .233
2.661 .0023 .931  .427 .573
2.311 .003¢6 .958 .683 .317
1.925 .,0044 .949 .871 .129
1.819 .0026 .847 .940 .060
1.3%1 .0028 .949 .933 .068
2.366 .0032 .903 .802 .198
2.521 .0026 .939 .274 .726
2.192 .0036 .970 .764 .237
1.972 .0035 .967 .784 .216

TABLE D - Components from Principal Components analysis of above
X bentonite time-slice.

in parentheses.

Component scores of dominant taxa

Component % Cumulative
number % Variance variance Dominant Taxa
1 56.37 56.37 W. barnesae (.92)
2 36.99 93.36 Zygodiscus sp. 1 (.61)

B. ellipticum (.55)
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TABLE E - Results from analysis of above HL-3 bentonite time-slice.
Results from diversity analysis include specles richness (8S)
and estimates of Shannon diversity (H) and its variance (var
H). Results from polar ordination include ordination
coordinates for axis 1 and 2 for each locality. Results from
principal components analysis include normalized varimax
component loadings for axes 1-3 for each locality.

Sample locality Diversity Polar Principal components
s H var H 1 2 Comm. 1 2 3

Hot Springs, S.D. 37 2.878 .0024 .213 .196 .933 .758 .185 .058
Black Gap, S§.D. 33 2.844 .0021 .113  .191 .939 .816 .136 .048
Lykins Gulch, CO. 34 2.758 .0024 .247  .227 .935 .636 .258 .107
Florence, CO. 32 2.679 .0024 .357 .303 .953 .532 .266 .203
Pueblo, CO. 29 2.529 .0026 .324 .293 .964 .564 .235 .201
Graneros River, CO. 28 2.550 .0024 .276 .335 .970 .593 .183 .224
Thatcher, CO. 40 2.925 .0027 .237 .186 .959 .662 .240 .098
Wolcott, CO. 41 2.851 .0031 .992 .203 .958 .521 .823 .125
Loma, CO. 31 2.749 .0023 .688 .154 .948 .223 .686 .091
Mancos, CO. 27 2.332 .0030 .550 .188 .949 .344 .471 .185
Pagosa Springs, CO. 35 2.633 .0032 .667 0 .970 .268 .686 .047
wWashington Co., KS. 33 2.584 .0029 .492  .308 .934 .388 ,352 .260
Delphos, KS. 31 2.705 .0025 173 .287 .925 .746 .126 .128
Glen Elder, KS. 35 2.743 .0025 .134 .230 .911 .835 .106 .059
Bunker Hill, KS. 32 2.711 .0027 .142  .229 .940 .740 .157 .103
Pfieffer, KS. 36 2.656 .0030 .182 .313 .968 .679 .139 .182
Hodgeman Co., KS. 33 2.622 .0027 0 .221 .954 .856 .086 .058
Bridge Creek, KS. 33 2.663 .0025 .230 .330 .955 .634 .172 .195
Springer, N.M. 34 2.865 .0017 .652 .879 .934 .083 .154 .763
Wagon Mound, N.M. 35 2.727 .0028 .423 .357 .969 .439 .280 .281
Las Vegas, N.M. 35 2.775 .0025 .370 .436 .961 .441 .204 .355
Lamy, N.M. 35 2.910 .0022 .417 .380 . .957 .435 .286 .279
Holy Ghost, N.M. 32 2.810 .0021 .570 .318 .969 .316 .424 260
El Vado, N.M. 28 2.791 .0016 .598 .481 .943 .228 .359 .413
Red Wash, N.M. 29 2.635 .,0023 .647 .196 .946 .281 .576 .143

TABLE F - Important taxa in determining ordination axes and/or

components for the above HL-3 bentonite time-slice. Only

significant values are given.

Taxon Polar Ordination Varimax Components Analysis

Axis 1 Axis 2 Comp. 1 Comp. 2 Comp. 3
W. barnesae -.688 - .795 - -
B. ellipticum .887 - - .900 -
Zygodiscus sp. 1 - .750 - - .413
C. crenulatus -.812 - - - -
W. supracretacea - .818 - - -
B. ignotus - .768 - - -
E. turrisseiffeli - .651 - - -
P. columnata - -- - -- .640
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APPENDIX A
Locality Data

Colorado:

Florence - cut on east side of State Route 115, 4.2 miles to 5.3
miles north of its intersection with U.S. Highway 50, near
Florence.

Graneros River - roadcut and gulley on east side of Interstate
25, 1.0 mile north of the Huerfano - Pueblo county line;
unpublished section of D.E. Hattin.

Lazear - low badlands on north side of Gunnison River, about 3.5
miles west of Lazeaxr; center sec. 36, T.14 S., R.94 V.,
Delta County; locality 4 of Eicher, 1965, [X only]

Loma - cuts on north side of Colorado River, Spann Ranch, about
1.5 miles south of Loma; NW1l/4, sec. 10, T.1 N., R.3 W.,
Mesa County; locality 2 of Eicher, 1965.

Lykins Gulch - stream cuts on east side of U.S. Highway 36 in
Lykins Gulch, about 5 miles south of Lyons; center, sec. 7,
T.2 N., R.70 W., Boulder County; unpublished section of D.E.
Hattin.

Mancos - low roadcut on east side of State Route 184, 4.7 miles
north on route 184 from its intersection with U.S. Highway
160 at Mancos; NEl/4, sec. 13, T.36 N., R.1l4 W., Montezuma
County. [X only]

- roadcut on west side of State route 184, 6.7 miles
north of its intersection with U.8. Highway 160 at Mancos;
NWl/4, sec. 2, T.36 N., R.14 W., Montezuma County;
unpublished section of D.E. Hattin. [HL-3 only]l

Morrison - cut on east bank of Bear Creek, immediately east of
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Morrison; Nwl/4, sec. 1, T.5 S., R.70 W., Jefferson County;
near locality 6 of Cobban and Scott, 1972. [X only]l
Newcastle - cut and cliff on north side of county road 17, about
3 miles north of Newcastle; NEl1/4, sec. 23, T.5 N., R.%1 Ww.,
Garfield County; locality 7 of Eicher, 1965. [X only]l
Pagosa Springs - roadcut on north side of U.S. Highway 160, on
west edge of Pagosa Springs; SWl/4, sec. 14, T.35 N., R.Z
W., Archuleta County; unpublished section of D.E. Hattin.
[HL-3 onlyl
Pueblo - bluffs on north side of Arkansas River, Rock Canyon,
about 4 miles west of Pueblo; SWl1l/4, sec. 30, T.20 S., R.65
W., Pueblo County; locality 6 of Eicher and Worstell, 1970.
Thatcher - gulley cuts south of county road 78, about 2.5 miles
east of Thatcher; NW1l/4, sec. 6, T.2% S., R.59 W., Las
Animas County; near locality 144 of Cobban and Scott, 1972.
Wolcott - hills north of Eagle River, about 1 mile northwest of
Wolcott; SE1/4, sec. 9, T.4 S., R.83 W., Eagle County;

locality 9 of Eicher, 1965.

KANSAS:

Bridge Creek - cut banks on East Bridge Creek, Hinkle Ranch,
about 5.5 miles east of Coolidge; 8W1/4, sec.
14, T.23 8., R.42 W., Hamilton County; locality 14 of
Hattin, 1975a. [HL-3 onlyl

Bunker Hill - cuts on east side of Bunker Hill - Luray road about
3.5 miles north of Bunker Hill; west line, sec. 18, T.13 N.,
R.12 W., Russell County; locality 3 of Hattin, 1975a.

Delphos - cut on north side of east-west county road near the top
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of Boyers Hill, about 4 miles west of Delphos; SW1l/4, sec.
14, T.9 8., R.5 W., Ottawa County; locality 45 of Hattin,
1975a. [HL-3 only]l

Glen Elder -~ cut on north end of Glen Elder Dam; 8SWl/4, sec. 27,
T.6 S., R.9 W., Mitchell County; locality 1 of Hattin,
1975a. [HL-3 only]l

Hodgeman - roadcut on east side of north-south county road about
12 miles south of Jetmore; SW1l/4, sec. 35, T.24 S., R.23 W.,
Hodgeman County; locality 24 of Hattin, 1965. [X onlyl

- cut on east side.of north-south county rcad about

0.3 miles south of Jetmore; west line, sec. 7, T.23 8., R.23
W., Hodgeman County; locality 50 of Hattin, 1975a. [HL-3
only]l

Kearny County - cut bank on south side of intermittent stream
about 6.5 miles southeast of Kendall; NEl/4, sec.l12, T.25
S., R.38 W., Kearny County; locality 12 of Hattin, 1%75a.
[HL-3 onlyl

Pfiefer - large bluff on north bank of Smoky Hill River, about
2.5 miles west of Pfiefer; N1/2, sec. 28, T.15 S., R.17 W.,
Ellis County; locality 5 of Hattin, 1975a. [HL-3 only]

washington County - road cuts on north side of U.S. Highway 36
from about 3 to 3.5 miles southwest of Haddam; 8SW1l/4, sec.
5, T.3 8., R.1 E., Washington County; locality 38 of Hattin,
1965 [X bentonitel and locality 6 of Hattin, 1975a [HL-3

bentonitel.

New Mexico

El Vvado - cuts along southwest side of dam and spillway Just
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west of El1 vado; sec. 18, T.28 N., R.2 E., Rio Arriba
County; locality 10 of Lamb, 1968.

Holy Ghost - low roadcut on east side of state route 44, just
south of the entrance to Holy Ghost Spring; SWl1l/4, sec. 15,
T.17 N., R.1 W., Sandoval County; unpublished section of
D.E. Hattin. [HL-3 only]

Lamy - hills on north side of state route 41 (eastern
extension), about 0.5 miles west of Lamy; near locality
reported in Coates and gauffman, 1973. [HL-3 onlyl

Las Vegas - cut on north side of state route 65 where it passes
through the water gap made by Gallinas Creek through the
Creston, about 0.3 miles east of Montezuma, SE1/4, Montezuma
Quadrangle, San Miguel County. [X only]l

- cuts on northbound exit from Interstate 25 to state
route 65 - 104, east edge of Las Vegas; northwest Las Vegas
Quadrangle, San Miguel County. [HL-3 onlyl

Red Wash - cuts on south side of state route 504, on east side of
Red Wash, about 8 miles northeast of Rattlesnake, Navajo
Nation; sec. 11, T.30 N., R.20 W., San Juan County; locality
1 of Lamb, 1968.

Springer - roadcut on south side of U.S. Highway 56, one mile
southwest of Taylor Springs; north line, sec. 15, T.24 N.,
R.23 E., Colfax County; unpublished section of D.E. Hattin.
[HL-3 only]l

Wagon Mound - cuts on east and west sides of Interstate 25, 4.5
miles south of its intersection with state route 120 {(Wagon

Mound exit), Mora County. [HL-3 only]
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Oklahoma

Cimmarron - ditches and low bank exposures along improved
secondary road leading from state route 124 to Black Mesa
State Park; east line, sec. 7, T.4 N., R.2 E., Cimmarron

County; locality 2 of Kauffman, Hattin, and Powell, 1977.

South Dakota

Black Gap - roadcut on east side of state route 7% at Black Gap,
about 8.5 miles south of Rapid City; SE1/4, sec. 8, T.1l S8.,
R.8 E., Pennington County; locality 3 of Eicher and
Worstell, 1970. [X bentonite]l

- steep bluff about 0.7 miles east of Black Gap cut;
NWl/4, sec. 16, T.1 8., R.8 E., Pennington County; locality
3 of Eicher and Worstell, 1970 [HL-3 bentonite]

Hot Springs - cut on north bank of Cheyenne River, about 5 miles
east of Hot Springs; center, sec. 3, T.8 S., R.6 E., Fall
River County; locality 4 of Eicher and Worstell, 1970.

Belle Fourche - low roadcut on south side of U.S. Highway 212,
west of Nisland, east of Belle Fourche; sec. 3, T.8 N., R.4

E., Butte County. [X only]l

Wyoming

Alcova - cuts and low bluffs on north side of North Platte River,
about 2 miles north of Alcova; NWl1l/4, sec. 12, T.30 N., R.83
W., Natrona County; locality 10 of Eicher, 1965.

Crook County - hills on Bean Ranch, about 0.5 mile north of U.S.
Highway 212, about 12 miles southeast of Alzada, Montana;
Nwl/4, sec. 14, T.57 N., R.62 W., Crook County; locality 1

of Eicher and Worstell, 1970. [X onlyl
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APPENDIX B

Table Bl - Population counts for Below X time-slice.

Table B2- Population counts for Above X time-slice.

Table B3 - Population counts for Above HL-3 time-slice.
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TABLE Bl - Population counts for Below X time-sllice.




Bunker Hill, Kansas
Hodgeman Co., Kansas
Kearny Co,, Kansas
Thatcher, Colorado
Graneros River, Colorado
Pueblo, Colorado
Florence, Colorado
Morrison, Colorado
Lykins Gulch, Colorado
Wolcott, Colorado
Lazear, Colorado

Las Vegas, New Mexico
E!l Vado, New Mexico

Hot Springs, South Dakota

TABLE B2 = Population counts for Above X time-slice.

Page 1

A, octoradliata

brooks |

A.

A. alblanus

B, ignotus

N

36

39

45

32

B, elllpticum

43

25

72

litterarius

C.

C. achylosum

acutum

C.

C. kennedyl

C., signum

C. conicus

C. crenulatus

32
24
17

loriei

C.

C. ehrenbergi

signata

B.

31

37

52

Cylindralithus sp, 1

D. pentarhethum

E. turriseiffeli
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E. floralis

28

44

24

41

F. oblonga

G. nanum

G. coronadventis

H. ctrcumradlatus




Bunker Hitl, Kansas
Hodgeman Co., Kansas
Kearny Co., Kansas
Thatcher, Colorado
Graneros River, Colorado
Pueblo, Colorado
Florence, Colorado
Morrison, Colorado
Lykins Gulch, Colorado
Wolcott, Colorado
Lazear, Colorado

Las Vegas, New Mexico
El Vado, New Mexico

Hot Springs, South Dakota

H. trabeculatus

carniolensis

L.

M. pemmatoidea

-~

P, achylostaurion

P. embergerl

P, columnata

35

15

34

66

64

P. spinosa

10

58

TABLE B2 - Population counts for Above X time-slice.

Page 2

angustus

R.

R. asper

S, fossilis

S. horticus

S. crenulatum

T. orionatus

50

21

40

44

i8

52

42

22

22

V. stradnerl

V. angusta

o]

© ©
@ 4
Q L.
[od Q
i Q.
© o
£ 0
= =
295 51
169 10
114 7
192 2
1217 1
176

91
162 28
103 2
261 18
200 20
218 5
232 1
59 1

W, ovata

12 of 15

W. supracretacea

20

14

31

Z. diplogrammus

Z. elegans

51

67

21

37

28

27

50

12

Zygodiscus sp. |1

13
50
45

40

78
11

76

26
28

99

small zygodiscids

27



A. octoradliata
brookst

A.

—

Red Wash, New Mexico 1
El Vado, New Mexico

Holy Ghost, New Mexlico

Lamy, New Mexico

Las Vegas, New Mexico

Wagon Mound, New Mexico
Springer, New Mexico 1
Bridge Creek, Kansas

Hodgeman Co., Kansas 1
Ptiefer, Kansas

Bunker Hill, Kansas

Glen Elder, Kansas i
Delphos, Kansas 1

Washington Co., Kansas 2 2

Graneros River, Colorado 1
Thatcher, Colorado 1
Pueblo, Colorado

Lykins Gulich, Colorado

Florence, Colorado

Wolcott, Colorado 13

Pagosa Springs, Celorado

Mancos, Colorado

Loma, Colorado

Hot Springs, South Dakota 1 1

Black Gap, South Dakota 2

A. alblanus

B, ignotus

~{

16
10

B. ellipticum

52
43
56
43

40

32
33
22
17

76

45
40
58
46

61

113
107

29

20

| 1tterarius

C.

~4

C. achylosum

C. acutum

C. exlguum

C. kennedyi

TABLE B3 - Population counts for Above HL-3 time-slice.

Page 1

C. signum

C. conicus

C. crenulatus

> O

22

10
45
66
48
50
47

24

33
25
39
32

49

20
10
29
26

loriei

C.

C. ehranbergi

signata

B.

Cylindralithus sp.

D. pentarhethum
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E. turriseiffeli

31

20

21

25

41

24
22

21

33
25
35
22
3

E. floralls

O

12

21
1
26

26

24

33

F. oblonga

G. obliquum
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Red Wash, New Mexico 1 15 1 5 1 32 7 1 1 10 9 35 4
El Vado, New Mexico 2 9 1 9 43 3 7 1 30 23 11 1
Holy Ghost, New Mexico 1 9 1 5 12 2 43 2 8 2 2 30 22 10 11
Lamy, New Mexico 5 11 9 1 7 6 53 2 3 4 6 1 33 2 9 4
Las Vegas, New Mexico 1 5 1 4 2 73 1 1 9 1 1 8 17 5 6 1
Wagon Mound, New Mexico o 2 5 1 3 4 66 8 4 3 2 3 27 9 3 1
Springer, New Mexico 3 14 11 3 61 2 9 5 1 1 3 25 7 13 1
Bridge Creek, Kansas 2 1 6 1 43 60 4 3 1 1 8 3 10 2
Hodgeman Co., Kansas 1 4 5 11 31 2 2 1 3 6 9 6
Ptiefer, Kansas 1 2 1 1 2 1152 2 1 2 1 2 4 16 1 9 2
Bunker HIll, Kansas 2 9 2 4 26 1 4 2 11 12 1 7 2
Glen Elder, Kansas 4 14 1 64 21 33 1 3 4 1 103 14 12 4 2
Delphos, Kansas 3 4 3 1 24 1 1 2 9 7 30 3 14
Washington Co., Kansas 1 4 13 80 1 4 5 3 2 26 4 4
Graneros River, Colorado 8 1 16 24 65 1 4 9 1 1
Thatcher, Colorado 1 20 7 2 19 329 4 3 2 1 3 5 1 25 5 4 2
Pueblo, Colorado 2 2 1 21 8 63 7 [ 2 10 73
Lykins Gulch, Colorade 16 1 2 3 2 35 4 3 3 4 v 27 3 3 1
Florence, Colorado 2 5 1 14 19 49 8 2 2 3 21 3 6 2
Wolcott, Colorado 2 1 1 11 4 1 30 12 6 5 1 11 4 2 5 30 8 29
Pagosa Springs, Colorado 1 8 3 123 1 15 3 6 3 1 1 3 25 12 19
Mancos, Colorado i 5 2 10 2 69 2 1 17 3 4
Loma, Colorado 31 3 2 9 4 27 2 4 2 17 7 8
Hot Springs, South Dakota 1 5 1 47 19 21 2 4 6 1 2 3 12 3 20 3

Black Gap, South Dakota 12 32 24 24 1 10 4 1 3 3 11 14 8




TABLE B3

Page 3

Red Wash, New Mexico
El vado, New Mexico
Holy Ghost, New Mexico
Lamy, New Mexico

Las Vegas, New Mexico
Wagon Mound, New Mexico
Springer, New Mexico
Bridge Creek, Kaznsas
Hodgeman Co., Kansas
Pfiefer, Kansas

Bunker Hill, Kansas
Glen Eider, Kansas
Delphos, Kansas

Washington Co., Kansas

Graneros River, Colorado
Thatcher, Coloredo
Pueblo, Colorado

Lykins Gulch, Coleorado
Florence, Colorado
Wolcott, Colorado

Pagosa Springs, Colorado
Mancos, Colorado

Loma, Colorado

Hot Springs, South Dakota

Black Gap, South Dakota

W. barnesae

81
102

97
114
122

49
123
132
140
137
115
138
121
138
123
136
117
116

61
119
142

84
13

116

W, biporta

20

29

44

10
26

40

ovata

W,

W. supracretacea

12
10

45

Z. diplogrammus

23
34
26

44

21
14
22
22
17
21
13
13
24
19
31
12
26

Z. elegans

N
u

26
13

18

24

23

17

10
30
15
20
17

21

1

Zygodiscus sp.

45
24
26
31
13

47

32
13
17
12

11

22

small zygodiscids

25
31
26
26
28
28
37
29
40
3
36
44
24

35

33
25
28

12

35

29

28

1

indet,

Gen. et sp.

indet. 2

Gen, et sp.
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