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INTRODUCTION

Several quartz-rich sand and gravel bodies located in southeastern South Dakota have been
described in outcrop, drill holes, and cores as being “western derived” in origin (i.e., having a
Rocky Mountain or Black Hills source). These sand and gravel bodies typically occur, or are
preserved in areas, where the local bedrock forms a high beneath glacial sediments in
southeastern South Dakota. The deposits are typically clean (having a low clay content), quartz-
rich, feldspar-bearing sand and gravel. They appear to be similar to deposits belonging to the
Ogallala Group, Bon Homme gravels, and Herrick gravels that have a western source.

This report is the first part of a multi-phase investigation to classify the geologic age and
provenance of “western derived” sediments. In this initial phase, 44 grain-size analyses are
presented, from which statistical parameters were derived and compared. Other planned phases
of this investigation include x-ray diffraction analyses and modal mineralogical determinations
of samples analyzed in this initial phase.

Sampling Methods

Sample locations are presented in figure 1. Map location numbers (fig. 1), sample formation
names (if known), collection dates, sample names and numbers, sample source, sample depths,
sample legal locations, and county are summarized in table 1.

Samples are one of three types: 1) spot samples from outcrops, 2) composite samples from
drill cuttings, or 3) spot samples from previously collected cores. For samples collected from
outcrops, the area was cleared of recent debris until a fresh exposure could be seen and a
representative sample could be collected. Samples obtained by drilling methods were collected
as cuttings from mud rotary methods, auger flights, or a hand-auger bucket, and are composite
samples over 5-foot intervals (10-foot intervals for mud rotary samples). Samples were also
collected from cores available at the South Dakota Geological Survey. First, spot samples were
taken from the cores and analyzed. Then, for each individual core, split samples of these spot
samples were combined and analyzed as a composite of the entire sand unit sampled.

Laboratory Methods

Grain-size analyses were conducted according to the methods described by Folk and Ward
(1957). The samples were first allowed to air dry in aluminum pans. As a significant amount of
moisture was retained on the samples collected by drilling methods, these samples were placed
in a mechanical oven and heated to 60°C for a period of 3 hours to facilitate drying. After drying,
all samples were visually inspected and disaggregated by the use of a mortar and pestle.

The samples were next weighed to the nearest 0.01 gram (g). Samples that contained grain
sizes larger than 2 millimeters (mm) in diameter were sieved by hand through the -1.0 phi (@)
sieve to separate the gravel size fraction. The gravel fraction was then sieved through the -4¢,



-3@ -2@ -1.75@, -1.25¢@ and -1.0¢ sieves and the individual weight retained by each sieve was
recorded.

Using a riffle box, the sand fractions (<2 mm in diameter) of the samples were split and
weighed to the nearest 0.01 g. Next, the samples were sieved for 10 minutes through a standard
series of 8-inch diameter sieves using a Ro-Tap machine. The individual weight of sediment
retained on each sieve was then weighed to the nearest 0.01 g and recorded. The masses were
multiplied by the splitting factor (the total weight of sand in the entire sample divided by the
total weight of sand in the split sample) to obtain the corrected weights of each size fraction.

Following sieving of the sample, each of the size fractions was observed under a binocular
microscope in an effort to correctly estimate the percentage of aggregates still present. By
placing the sediments on a plastic weighing pan and viewing them with transmitted light, the
aggregates were easily identifiable. If aggregates were present, their mass (based on visual
percentage estimations) was subtracted from the corrected weights to obtain an estimate of the
true mass of each size fraction (Folk and Ward, 1957). Significant volumes of aggregates were
only present in samples of cemented formations, such as the Spencer quarry sample of Sioux
Quartzite.

GRAIN-SIZE DATA ANALYSIS

Histograms

Histograms present a factual picture of the abundance of grains in each grade size, and they
cannot be used directly for numerical summaries of the data (Krumbein and Sloss, 1963).
Histograms displaying individual weight percents for each size fraction are presented in
appendix A for each sample analyzed. Several of the samples, mainly those from the Ogallala
Group and Turkey Ridge cores, have large pan fractions. A pipette analysis is required for a true
determination of modality for these samples. The laboratory was not set up for such an analysis
at the time of this investigation and the analyses for these samples are incomplete.

Cumulative Curves

Cumulative curves can be used as graphic devices for determining average particle size and
other properties (Krumbein and Sloss, 1963). Cumulative frequency curves were prepared by
adding the percentages in succeeding size grades and drawing a smooth curve through the points

(app. B).

Statistical Analysis

Statistical measures are used to compare sedimentary environments in a quantitative manner.
Properties such as average size, sorting, and frequency distributions may be determined either



graphically (Folk and Ward, 1957) by reading selected percentiles off cumulative curves or
mathematically by the method of moments (Boggs, 1995).

Graphical Treatment of Grain-Size Data

Cumulative frequency curves using a semi-logarithmic scale (app. B) were constructed to
determine the graphical mean, standard deviation, skewness, and kurtosis for each sample. By
applying the appropriate phi values (compiled in app. C) from the cumulative frequency curves
to the formulas listed in table 2, statistical parameters of mean, skewness, kurtosis, and standard
deviation were calculated (app. D).

Mathematical Treatment of Grain-Size Data

Statistical parameters were also calculated using the method of moments by applying
formulas listed in table 3. The results of the statistical analyses are given in appendix D. As
stated previously, many of the samples have large pan fractions and as Lindholm (1987) notes,
“when employing moment methods, kurtosis and skewness are greatly affected by the size and
mass of the sediment in the pan. As the size is inaccurate, owing itself solely to the diameter of
the finest sieve, skewness and kurtosis cannot be accurately determined unless the pan fraction is
analyzed further” (i.e., pipette analysis). Thus, the statistical parameters calculated using the
method of moments should not be used to characterize those samples with large pan fractions.
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Figure 1. Locations of collected samples.
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Table 1. Sample collection and location data

Map | Geologic Sample Sample
location | group or |Collection|name and |Sample| depth
number!| formation| date number | source | (in feet)? Legal location County
uncertain —
13 “western | 06-01-01 Alcester cﬁ?t?r?és surface SE SE NE NE sec. 29, Union
derived”? 6-1-2 T.95N.,R. 49 W,
sand
uncertain —
14 “western | 06-01-01 Alcester cﬁgt?r?gr]s surface NE NW NE NE sec. 22, Union
derived”? 6-1-7 T.95N.,,R. 49 W.
sand
uncertain — Newton
15 “western | 05-24-01 Hills |outcrop| surface NE SWNE SE sec. 12, Lincoln
derived”? 5-24-2 T.97N.,,R. 49 W.
sand
uncertain — Turke mud
8 “western | 05-01-01 Ridgey rotary 40-50 SW SW SW SW sec. 14, Hutchinson
derived”? R20-01-2 |cuttings T.98N., R.56 W.
sand
105-110
117
Turkey 127
uncertain — Ridge 141-145 | SW SW SW SW sec. 15,
7 Ogallala? | 04-24-01 | R20-01-1 | core 151 T.98N.,R.56 W. Hutchinson
160-161
173-174
180-185
composite
200-205
Turkey 205-210
uncertain — Ridge 210-215 | NW NE NE NW sec. 22,
9 Ogallala? | 06-25-01 |R20-87-14| core | 995.930 T.97N.,,R.55W. Turner
230-235
composite
27.5-28.25
30-35
35-40
“western 40-45
derived” Heeren 45-50 SW SW SW SW sec. 25,
12 sand 06-25-01 core core 50-55 T.93N, R.50 W. Union
55-60
60-65
65-70
composite




Table 1 — continued
Map | Geologic Sample Sample
location | group or |Collection|name and |Sample| depth
number!| formation| date number | source | (in feet)? Legal location County
“western Bon
6 derived” | 05-22-01 | Homme |sand pit| surface SE SE SE SE sec. 12, H(I)gnc;rr]ne
sand 5-22-2 T.93N.,R.58 W.
“western Herrick
4 derived” | 05-23-01 | gravel |sand pit| surface NW NE NE NE sec. 26, Gregory
sand 5-23-3 T.97N.,R. 72 W.
3 Ogallala - Ash
Ash 05-23-01 | Hojlow | Road surface NW NW NW NW sec. 31, Greaor
Hollow cut/ T.98N., R. 72 W. gory
Member 5-23-4 outcrop
Ogallf;la - Gregory S )
As 05-23-01 Cit W NW NW NW sec. 12,| Gregor
2| Hollow sons |OUCOP| surface |y 7N R 73 W, i
Member?
Ogallala -
Ash Gregory
2 Hollow or | 05-23-01 City |outcrop| surface SWNW NW NW sec. 12, Gregory
Valentine 5-23-6 T.97N,R. 73W.
Member
27-28
40-41
58.5-59.5
1 | Ogallala | 06-04-01 | R20-01-5 | core | 67-68 | oW SWSWSWsec.3L | 0
75-76 T.98N.,R. 76 W.
88-89
composite
Glacial Hurley | small NW NW NW SW sec. 20,
10 outwash | 05-22-01 | g.oo.5 | gravel | surface T.98 N, R.52W. Turner
pit
Recent Missouri SW NE sec. 7,
11 sand and | 05-21-01 outcrop| surface Clay
gravel 5-21-1 T.32N.,R. 4 E.
5 Sioux 05-10-01 Spueanr?er uarr surface NE sec. 24, Hanson
Quartzite ion | T.103 N., R. 57 W.

! See figure 1.
2 Samples were collected and analyzed from each depth or depth interval listed. For each core sampled, a
separate composite sample was made and analyzed by combining samples from each depth.




Table 2. Formulas for graphical determination of statistical measures

Graphic mean QLo + cpgo + g84
Inclusive graphic (@84 + 16 - 2¢b0) + (@95 + @5 - 2¢50)
skewness 2(@B4 - @16) 2(@5 - ¢b)
Inclusive graphic q184 (01K3) <p9
standard deviation
. : (995 - ¢5)
Graphic kurtosis 2.44(75 - 925)

Information from Folk and Ward (1957).

Table 3. Formulas for determination of statistical measures by
method of moments

Mean X¢ = 2fm
15t moment n
Standard deviation o¢ =~ /(Zf (m - x¢)?)
2"d moment n
Skewness Skq = Zf (m - x¢)3
3'd moment nog3
Kurtosis K¢ = >f (m - x¢)*
4™ moment ~ nogt
f = weight percent present per size grade
m = midpoint of each size grade (¢)
n = number of samples
X =mean

Information from Boggs (1995).



Appendix A. Histograms of individual weight percent by sieve size
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Appendix A — continued

Newton Hills 5-24-2
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Appendix A — continued

Turkey Ridge R20-01-1, 105-110 feet
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Appendix A — continued

Turkey Ridge R20-01-1, 127 feet
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Turkey Ridge R20-01-1, 141-145 feet
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Appendix A — continued

Turkey Ridge R20-01-1, 151 feet
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Appendix A — continued

Turkey Ridge R20-01-1, 173-174 feet
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Turkey Ridge R20-01-1, 180-185 feet

30.00

o o o o o o
S S S S S S
o) S o) o Te} o
~ ~ — —

1uao1ad Jy31om [enpIraIpuy

ued

0S'v
00'v
SL'E
0S¢
A
00°¢
SL'T
0S'C
§Ce
00C
SL'1

051
| STT
100°1

SLO

1050
1§20
1000
| $T0-
05°0-
EAG
001~
E4s

SLT-

00T
1 00°€

00y~

Phi () value

13



Appendix A — continued

Turkey Ridge R20-01-1, composite
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Turkey Ridge R20-87-14, 200-205 feet
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Appendix A — continued

Turkey Ridge R20-87-14, 205-210 feet
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Turkey Ridge R20-87-14, 210-215 feet
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Appendix A — continued

Turkey Ridge R20-87-14, 225-230 feet
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Appendix A — continued

Turkey Ridge R20-87-14, composite
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36.5 wt%
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Heeren core, 27.5-28.25 feet
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Appendix A — continued

Heeren core, 30-35 feet
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Appendix A — continued

Heeren core, 40-45 feet
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Heeren core, 45-50 feet
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Appendix A — continued

Heeren core, 50-55 feet
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Appendix A — continued

Heeren core, 60-65 feet

ueq
0S't
00y
sL'E
0S¢
§T€
00'€
SL'T
05T
$TT
007
L1
05’1
$T1
001
1 SL0
1050
1520
1000
| $T0-
05°0-
| SL0-
00'1-
| STT-
SLT-
100°C-
100°€"
00t~

30.00

25.00

20.00
15.00
10.00

JuadIad JYSToM [eNPIAIPU]

5.00

0.00

Phi () value

Heeren core, 65-70 feet

30.00

1

i

1
o o o o o o
S S S S S S
Te} o T} =} o) o
N ~ — —

Juad3ad Jy31oM [ENPIAIPU]

ued

| 0S'P
00t
| SL°¢
1 0S°€
| 6T'€
1 00°€
| GL'T

0S¢
Saé
00C
SL'1
0S'1
YAl
001
SLO
050

| $T°0

000

520
050
L0
00T~
| STT-
SLT-

00°¢-

| 00°€-

00y~

Phi () value

21



Appendix A — continued

Heeren core, composite
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Appendix A — continued

Herrick gravel 5-23-3
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Appendix A — continued

Gregory City 5-23-5
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Appendix A — continued

R20-01-5, 27-28 feet
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Appendix A — continued

R20-01-5, 58.5-59.5 feet
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Appendix A — continued

R20-01-5, 75-76 feet

to
40.7 wt%
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Appendix A — continued

R20-01-5, composite

to
40.2 wt%
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Appendix A — continued

Missouri 5-21-1
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Alcester 6-1-2

sieve size
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Newton Hills 5-24-2
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Appendix B - continued
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Turkey Ridge R20-01-1, 105-110 feet

Appendix B - continued
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Turkey Ridge R20-01-1, 117 feet
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Turkey Ridge R20-01-1, 127 feet

Appendix B - continued
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Turkey Ridge R20-01-1, 141-145 feet
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Turkey Ridge R20-01-1, 151 feet

Appendix B - continued
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Turkey Ridge R20-01-1, 160-161 feet
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Turkey Ridge R20-01-1, 173-174 feet

Appendix B - continued
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Turkey Ridge R20-01-1, 180-185 feet
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Appendix B - continued
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Turkey Ridge R20-87-14, 205-210 feet

Appendix B - continued
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Turkey Ridge R20-87-14, 225-230 feet

Appendix B - continued
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Appendix B - continued

Turkey Ridge R20-87-14, composite
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Appendix B - continued

Heeren core, 30-35 feet
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Appendix B - continued

Heeren core, 40-45 feet
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Heeren core, 45-50 feet
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Appendix B - continued

Heeren core, 50-55 feet
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Heeren core, 55-60 feet
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Appendix B - continued

Heeren core, 60-65 feet
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Heeren core, 65-70 feet
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Heeren core, composite
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Bon Homme 5-22-2
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Herrick gravel 5-23-3
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Ash Hollow 5-23-4
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Gregory City 5-23-5
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Gregory City 5-23-6
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R20-01-5, 27-28 feet
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Appendix B - continued

Phi (@) value
R20-01-5, 40-41 feet
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R20-01-5, 58.5-59.5 feet

100
90
80

1uad39d JyS1oMm dATIR[NWIN)

Appendix B - continued

1 ued
10St
100v
Isre
[os¢
STE
 00°€
 GLT
05T
| §TT
00T
SL1
051
Ea
[ 00'1
[ SL°0
050
[ $T0
1000
| $T0-
0S°0-
[ 6L°0-
001~
| STT-
SLT-
1 00°C-
1 00°¢-
00't-

Phi (@) value
R20-01-5, 67-68 feet
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R20-01-5, 75-76 feet
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Appendix B - continued
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R20-01-5, 88-89 feet
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R20-01-5, composite
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Appendix B - continued

Phi (@) value

Hurley 5-22-5
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Appendix B - continued

Missouri 5-21-1
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Spencer quarry 5-10-1

100

90

o
[}

o o o o o o o
~ © o < oM N -

Jud213d JYSTOM dATIR[NWN)

ued

05 Y
00t
' SL'E
0S¢
1 ST'€
1 00°€
| SL'T
10S'T

ST

00T

SL'1

051
ST
100'1

SLO

1050
1 ST0
000
[ ST0-
050
[ sL0-
001~
| STT-
SLT-

00°C-

| 00°¢-

00~

Phi (@) value

51



Appendix C. Phi (@) value of percentiles from cumulative
frequency curves

Phi (@) value of percentiles from cumulative
frequency curve

Sample
Sample name and depth
number (infeet) | 5th  16th 25th 50th 75th 84th 95th

Alcester 6-1-2 surface |-0.30 035 063 118 173 200 3.68

Alcester 6-1-7 surface | 156 193 219 307 4.16 454 470

Newton Hills 5-24-2 | surface | 040 1.06 148 187 225 238 2.69

Turkey Ridge 40-50 |-1.72 -0.84 -046 044 108 1.62 2.64

R20-01-2

105-110 |-0.67 050 0.82 128 1.92 244 454
117 |2.02 245 272 233 400 4.48 461
127 1.81 196 212 247 328 370 453
Turkey Ridge 141-145 | 151 180 1.88 212 240 250 2.98
R20-01-1 151 201 251 287 342 402 450 461
160-161 |1.67 1.93 2.09 244 291 317 391
173-174 | 0.88 137 161 212 286 3.65 4.57
180-185 | 1.99 231 241 272 310 328 3.78
composite | 0.78 157 1.87 243 318 358 453

200-205 | 1.33 191 243 363 420 450 4.63
205-210 | 1.18 1.83 228 350 4.38 453 4.63
Turkey Ridge 210-215 | 235 272 299 3.68 4.44 454 462
R20-87-14 225-230 [ 4.49 455 459 465 469 474 479
230-235 | 445 455 457 464 470 472 478
composite | 1.56 241 3.03 391 455 459 4.68

27.5-28.25(-2.22 -1.22 -051 064 147 182 246
30-35 | 048 089 1.08 157 198 228 290
3540 |-0.38 0.28 049 089 133 157 1098
40-45 |083 129 152 187 229 243 292

Heeren core 45-50 |-145 -043 0.12 088 135 1.67 256
50-55 |-1.57 -0.31 0.17 0.98 159 1.83 243
55-60 |[-2.90 0.32 198 175 223 243 294
60-65 |1.27 188 218 260 3.00 318 350
65-70 [0.73 097 169 138 163 175 1.97

composite |-1.19 0.38 0.78 142 198 238 3.03

Bon Homme 5-22-2 | surface |-0.68 036 0.76 148 199 228 2.68

Herrick gravel 5-23-3| surface |-1.78 -0.65 -0.25 0.67 141 172 237

Ash Hollow 5-23-4 | surface | 1.77 217 240 298 382 429 475

Gregory City 5-23-5 | surface | 1.76 223 242 298 376 4.08 4.58

Gregory City 5-23-6 | surface | 1.89 239 266 233 382 4.18 455
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Appendix C - continued

Phi (@) value of percentiles from cumulative
frequency curve

Sample
Sample name and depth

number (infeet) | 5th  16th 25th 50th 75th 84th  95th
27-28 | 357 378 392 443 458 463 4.82
40-41 355 375 398 445 458 462 4.80
58.5-59.5 347 369 388 438 458 4.62 471
R20-01-5 67-68 |3.61 390 411 452 460 463 471
75-76 086 173 315 415 455 459 468
88-89 193 225 238 292 392 450 4.60
composite | 1.98 3.10 3.61 422 455 4.60 4.68
Hurley 5-22-5 surface |-5.65 -3.20 -2.35 -040 0.99 158 230
Missouri 5-21-1 surface | 146 178 193 248 337 364 4.39
Spencerquarry | gyrface [0.89 157 179 230 290 318 3.67

5-10-1
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Appendix D. Statistical parameters based on method of moments and graphical method

Statistical parameters based on

Statistical parameters based on graphical

method of moments method
Graphical
Sample Standard Graphical standard First Bimodal
Sample name depth Mean deviation mean  deviation Median| mode |character
and number (in feet) (@) (@) Skewness Kurtosis (9 (@) Skewness Kurtosis (9 (9 X)
Alcester 6-1-2 surface 1.26 1.13 1.22 6.01 1.18 1.02 0.13 1.48 1.18 1.00
Alcester 6-1-7 | gyrface 322 1.26 029  2.02 318 113 0.08  0.65 3.07 pan X
fraction
Nevg’tgz ';'"5 surface 1.78 0.75 -0.69 6.89 1.77 0.68 -0.26 1.22 1.87 2.00
Turkey Ridge | 40-50 039 1.35 0.46 4.54 0.41 1.28 -0.02 1.16 0.44 | 1.00
R20-01-2
105-110 154 154 0.90 4.27 2.53 1.07 0.13 1.17 4.03 1.00
117 3.45 0.99 0.48 2.39 3.09 0.90 0.94 0.83 2.39 pap
fraction
) 127 2.79 0.98 1.21 3.75 2.71 0.85 0.46 0.96 3.75 2.50
TqulggyOFilige 141-145 2.18 055 1.95 1250 2.14 0.40 0.13 1.16 12.50 | 2.00
el 151 3.52 0.97 0.35 2.48 3.48 0.89 0.00 0.93 2.48 pap
fraction
160-161 257 0.75 1.44 6.22 2.51 0.65 0.24 1.12 6.22 2.50
173-174 242 1.24 1.01 3.33 2.38 1.13 0.34 1.21 3.33 2.00 X
180-185 2.80 0.61 1.43 6.93 2.77 0.51 0.17 1.06 6.93 2.50
composite 255 1.22 0.17 4.03 2.53 1.07 0.13 1.17 4.03 2.50 X
200-205 345 1.26 -0.37 2.43 3.35 1.15 -0.36 0.76 3.63 pan X
fraction
. 205-210 3.39 137 -0.17 2.02 3.29 1.20 -0.29 0.67 3.50 pan X
Turkey Ridge fraction
R20-87-14 | 210-215 378 1.00 013 212 365 080  -011 064 368 | Pan
fraction
225-230 519 0.32 -7.31 76.62 4.65 0.09 -0.06 1.23 76.62 pa'_"
fraction
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Appendix D - continued

Statistical parameters based on

Statistical parameters based on graphical

method of moments method
Graphical
Sample Standard Graphical standard First | Bimodal
Sample name depth Mean deviation mean  deviation Median| mode |character
and number (in feet) () (¢  Skewness Kurtosis (9 (¢  Skewness Kurtosis (9 (9 (X)
Turkey Ridge 230-235 5.18 0.34 -5.98 52.77 4.64 0.09 -0.11 1.04 52.77 fr;ciri]on
R20-87-14
(continued) | composite 3.88 1.29 -0.55 2.35 3.64 1.02 -0.44 0.84 3.91 ; Pa}{f_] X
raction
27.5-28.25 0.42 1.48 -0.33 3.04 0.41 1.47 -0.22 0.97 0.64 1.00 X
30-35 1.57 0.75 0.41 4,90 1.58 0.71 0.06 1.10 1.57 2.00
35-40 0.89 0.73 -0.20 5.07 0.91 0.68 -0.01 1.15 0.89 1.00
40-45 1.87 0.62 0.07 4.43 1.86 0.60 -0.01 1.11 1.87 2.00
Heeren core |  45-50 068 1.16 020  3.97 0.71 1.13 020  1.34 0.88 | 1.00 X
50-55 0.79 1.24 -0.75 4.40 0.83 1.14 -0.24 1.15 0.98 1.50 X
55-60 1.26 1.67 -1.77 5.99 1.50 1.41 -0.47 9.57 1.75 2.00 X
60-65 2.53 0.70 -0.67 450 2.55 0.66 -0.15 1.11 2.60 3.00
65-70 1.36 0.44 0.16 9.31 1.37 0.38 -0.05 0.94 1.38 1.50
composite 1.29 1.23 -1.06 5.70 1.39 1.14 -0.14 144 1.42 2.00 X
Bog ';gfgme surface 129  1.05 083 461 1.37 0.99 -0.23 1.12 1.48 | 2.00
Herr5i02k39£ave| surface 054 1.35 -0.41 4.62 0.58 1.22 -0.15 1.02 0.67 | 1.00
Asg ;'g'iow surface 315 106 046  2.85 3.15 0.98 021  0.86 298 | 250
Greg(;g/ BCity surface 317  1.00 0.58 2.73 3.10 0.89 0.16 0.86 298 | 250
Greg(;g/ GCity surface 332 0.92 0.30 2.92 2.97 0.85 0.87 0.94 233 | 3.75
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Appendix D - continued

Statistical parameters based on

Statistical parameters based on graphical

method of moments method
Graphical
Sample Standard Graphical standard First | Bimodal
Sample name depth Mean deviation mean  deviation Median| mode |character
and number (in feet) () (¢  Skewness Kurtosis (9 (¢  Skewness Kurtosis (9 (9 (X)
27-28 451 084 -1.51 7.84 4.28 0.40 -0.45 0.78 443 pan
fraction
40-41 451 084 -1.41 6.49 4.27 0.41 -0.52 0.85 4.45 pan
fraction
58.5-59.5 449 074 -0.56 3.87 4.23 0.42 -0.48 0.73 4.38 pan
fraction
R20-01-5 67-68 469 067 094 481 435 035 068 092 452 | pan
fraction
75-76 3.84 1.55 -0.88 2.63 3.49 1.29 -0.71 1.12 4.15 pan X
fraction
88-89 3.23 1.11 0.59 2.51 3.22 0.97 0.33 0.71 2.92 2.50 X
composite 417 113 -0.96 3.58 3.97 0.78 -0.58 1.18 4.22 pan X
fraction
Hurley 5-22-5 |  surface -0.73 215 -0.17 2.18 -0.67 2.40 -0.25 0.98 -0.40 -2.00 X
'\giszsful” surface 268 0.98 0.68 3.10 2.63 0.91 0.28 0.83 2.48 2.00 X
Spef})ci:)qra"y surface 234  0.89 0.38 4.13 2.35 0.82 0.04 1.03 2.30 2.50
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