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Figure 1. Regional map showing localities from which the 25 samples analyzed for
this study were collected. Moving up-section, sampies 93-95, 112-113, and
132 are from the Albian Nanushuk Group. Samples 65-79 are from the
Albian Gilead Sandstone. Samples79 and 116 are from further up-section
in the Late Cretaceous Hue Shale. Samples 81, 84, and 131 are from the
overlying Late Cretaceous Canning Formarion.



INTRODUCTION

This is a preliminary report of apatite fission rack analyses of samples from the Gilead
Creek region located in the foothills north of the Brooks Range between the Lupine and
Echooka Rivers. Apatite grains were separated from 25 samples and analyzed in Melbourne
Australia at the La Trobe University Fission Track Research Laboratory. Separations, grain-
mounts, and all analyses were completed by the author. Grain mounts used for both age and
length data are archived at the Department of Geology of La Trobe University and can be
accessed by written request to the author.

Each analysis includes two parts: 1) age report; and 2) wack length disaributions. The age
report shows a listing of the individual grain ages, the resulting age and pertinent information

used in deterrining the age. A guide to read the information is as follows:

89 POS 65A -Sample number and informadon

JRRADIATION -In-house number for grouping sampies from
the same irradiation package

SLIDE NUMBER -Number of individual mount from irradiation package

No -Number of each grain counted

Ns -Number of spontaneous tracks counted

Ni -Number of induced tracks counted

Na -Number of area units counted in grain

Rato -Ratio of (NS/NI) for each grain

U(ppm) -Uranium concentration of each grain (ppm)

RHOs -Density of spontaneous tracks (per cm?)

RHOI1 -Density of induced tracks (per cmz)

F.T.AGE (Ma) -Individual fission track grain ages

Chi Squared -Statistical test for determining multiple
grain populations

P(chi squared) -probability of less than 5% indicates muitiple
grain populations

Variance of SQR -Statistical comparison of values of NS or NI
for all grains

Ns/Ni -Pooled ratio of (Ns/Ni). Uses total number of
spontaneous and induced tracks counted for
whole sample. Value used in age calculation
if sample is of a single population

Mean Rato -Average ratio of (Ns/Ni) for grains

POOLED AGE -Age calculated using Ns/Ni (single population)

MEAN AGE -Age calcufated Using "Mean Rato" (multiple

populations)

The track length distributions for each sample are histograms showing the relative numbers
of tracks measured at a particular length. The mean length of the tracks measured, the standard

deviation of the tracks measured, and the total number of racks measured for each sample are

reported in Table 1.



TECHNIQUE

Apatites (and zircons) were separated from samples by conventional heavy liguid and
magnetic techniques. The apatite separates were mounted in epoxy resin on glass slides,
ground and polished to expose internal surfaces of the grains, then etched to reveal the fossil
fission racks. Neumron irradiations were carried out in a well thermalized flux in the Australian
Atomic Energy Commissions HIFAR reactor. Thermal neumon fluences were monitored by
counting tracks recorded in muscovite detectors attached to pieces of the NBS standard glass
SRM612. Fission tracks in each mount were counted in transmitted light using a dry 80x
objective at a total magnification of 1250x. Wherever possible, tracks were counted over ~20-
2S grains in each mount. For further descripton, the methodology used for fission track
counting has been described in detail by Moore et al. (1986) and Green (1986).

Analyses were carried out by the author in the laboratories of the La Trobe University
Fission Track Research Laboratory, Melbourne, Australia. Ages were calculated using the
standard fission track age equation using the zeta calibration method (Hurford and Green,
1982) and errors were calculated using the techniques outlined by Green (1981). In samples
with a significant spread in single grain ages, the “convendonal analysis”, (as defined by Green
1981), based purely on Poissonian variation, is not valid. In such cases, which can be detected
by a Chi squared stadstic (Galbraith, 1981), the mean age provides a useful measure (Green,
1681). The Chi squared stadstic indicates the probability that all grains counted belong to a
single population of ages. A probability of less than 5% is taken as evidence of a significant
spread of single grain ages. A spread in individval grain ages can result either from inheritance
of demital grains from mixed source areas, or from differental annealing in grains of different
composition by heating within a narrow range of temperatures (Green et al. 1989).

Lengths of confined tracks (Lal et al. 1969), in apadte only, were measured using the
procedure outlined by Green (1986) and Green (1989). Only fully etwched and horizontal
"confined tracks" were measured (Laslett et al. 1982), in grains with polished surfaces parallel
to prismatic crystal faces. Measurements were made under similar conditions to those
employed for age determinadon. The lengths ‘of suitable tracks were measured using a

projection tube and a Hipad™ digitizing tablet calibrated using a stage micrometer (with pm



divisions). As many tracks as possible (up to ~100) were measured from each sample. The
number of confined tracks measured for each sample are shown in Table 1. In most cases less
than 100 tracks were recorded due to a scarcity of apatite grains, low U concentration, and/or
young ages for the samples. The number of tracks per each pm division for each track length

distribution is shown in Table 2.
SAMPLE RESULTS

For the purpose of this report, fission track ages were determined using ~20-25 individual
grain ages (if possible) from each sample and as many confined track length measurements up
to ~100. Typical yields for the samples were quite good and in most cases 25 dateable grains
were found on each mount. Due to refatively young ages and in some cases, low uranium
content (<10 ppm), only 3 mounts contained 100 or more confined tracks and an additional 6
mounts had between 50 and 100 macks. Three mounts had less than 20 confined tracks. For
all samples it was determined that the dated grains could represent a single population so the
pooled age is presented for each.

When the data is plotted with respect to relative position within the stratigraphic section (Fig.
2) the apatite ages fall into a well-defined pattern. Apatite ages older than ~45 Ma from the
upper part of the Hue Shale and the Canning Formation define a shallow slope in the age vrs.
section plot. Ages younger than ~40 Ma from lower in the section in the Hue Shale, Nanushuk
Group, Gilead Sandstone and pre-Cretaceous rocks do not change significantly down section
and define 2 much steeper slope. Two breaks in the apatite age-stratgraphic section pattern are
defined. The first separates data into two age groups (younger <~38 Ma, older >~44 Ma). The
mean ages for the two groups are 35 + 2 Ma for the younger, and 45 + 2 Ma for the older.
There is enough difference between the two groups to describe them as separate age

components. The second break in the data is a small "break in slope” in the older group at ~45
Ma.



Table 1. Sample results

Sample No. Unit Lengths (#) Mean Len. (um* 16) S.D. Age (Ma*10)
Gilead Creek Traverse

89 POS 65A Gilead SS. 58 13.37 £ 0.23 1.74 33.9+£34
89 POS 69B Gilead SS. 47 13.86 £ 0.22 1.54 36.8+ 3.3
89 POS 70B Gilead SS. 32 13.29 £ 0.29 1.64 33.2+34
89 POS 73A Gilead SS. 18 13.94 £ 0.27 1.14 29.8 38
89 POS 74A Gilead SS. 53 14.23 £ 0.17 1.20 33.2+£32
89 POS 76C Gilead SS. 35 14.02 £ 0.19 1.10 37935
89 POS 77B Gilead SS. 23 13.83 £ 0.26 1.22 379 £ 3.5
89 POS 79B Hue Sh. 56 1433 £0.13 1.01 345+31
89 POS 81A Canning Fm. 103 14,51 £0.13 1.36 444 2.5
89 POS 84A Canning Fm. 63 14,42 + 0.12 0.98 43,1 £ 5.1
89 POS 85A Gilead SS. 33 13.82 £ 0.18 .05 365£34
89 POS 86A Gilead SS. 56 14.01 % 0.08 0.59 39.1 £3.8
89 POS 88A Gilead SS. 36 14.05 £ 0.17 1.00 373143
89 POS 130A Lisburne LS. - - - 329+64
89 POS 131A Canning Fm. 26 12.55 £ 0.42 2.12 50547
89 MR 08A Gilead SS. 11 13.84 £ 0.36 1.18 345 +48
Lupine River Traverse

89 POS 93A Nanushuk Gp. 104 14,52 + 0.13 1.31 350£ 2.6
89 POS 94A Nanushuk Gp. 57 14.42 £ 0.13 0.98 340+ 7.6
89 POS 95A Nanushuk Gp. 40 13.83 £ 0.35 2.18 36.0x29
89 POS 132A Nanushuk Gp. 32 13.78 £ 0.19 1.05 36.6+ 3.8
Ivishak River Traverse

g9 POS 1124 Nanushuk Gp. 4! 14.01 £0.10 0.65 382 %47
89 POS 113A Nanushuk Gp. 17 13.87 £ 0.23 0.95 369+ 38
89 POS 114A Gilead SS. 32 13.67 £0.23 1.30 38.6 3.8
89 POS 115A Gilead SS. 48 13.97 £ 0.16 1.08 375+ 5.9
89 POS 116A Hue Sh. 104 15.09 + 0.08 0.78 462 £29



Track Length Range (um)
<5 5-6 6-7 7-8 8-99-10 10-11 11-12 12-13 13-14 14-1515-16 16-17 >17

Table 2. Track length data

Sample

Number

Gilead Creek Region

65A

14
13

18

10

10

11

0

0 0 0 1
1

0

69B

0 0 0 O

70B

0 6 0 0 0 0 O

T3A

13

21

10

0 0

0 0 0 O
c 0 0 O
0O 0 0 O

74A

0
0

0
0

76C

77B

10
26

23

17
17
13
12
22

79B

10

34
30
12
28

10

81A
84A

10

0 O
0 0 0 O
0

0 0
0
0

1

0

85A

0

0 0 0
0

0

86A

88A

0

0

c 0 O

130A
131A

2
0

3

0 0 0 O

0 0 0 O
Lupine River Traverse

93A

0

MROBA

35 31

18
11

1

0 0 0 0 O

10

28

G4A

95A

1

0o 0 0 0 0

0
Wishak River Traverse

132A

24

13

0 O 0

0 0 0 O

0
0

112A
113A
114A
115A
116A

0
0
0 0 0 O

13
24
39

11

1
0
0

0

0 0

14

0

10

47

0 0 0 O

0



PRELIMINARY INTERPRETATIONS

All apatite ages (~29-50 Ma) for individual samples are much less than their stratigraphic
ages (>80 Ma) indicadng substantial age reduction following deposidon. The fission track data
delineate a minimum of two components of cooling due to uplift for the Gilead Creek region at
~35 Ma and ~45 Ma. The data also indicates that it is possible that the region experienced an
earlier phase of cooling due to uplift in the Paleocene.

The lower part of the stratigraphic section, in the Albian Nanushuk Group and Gilead
Sandstone, record a phase of cooling due to uplift at ~35 Ma. A total of 19 ages range between
~29 to ~38 Ma and have mean track lengths between ~13.2 and ~14.5 with narrow distributions
(s.d. ~1.00). This is indicative of rapid cooling from temperatures >110°C at the time given by
the ages (mean ~35 + 2 Ma). The presence of high paleotemperatures >110°C is supported by
vitrinite values of ~1.5% from the Gilead Sandstone south of Gilead Creek (Reifenstuhl,
1990). The lower part of the secdon is separated from the upper section by a proposed thrust in
the Hue Shale.

Cooling due to uplift at ~45 Ma is seen by the The "break in slope” at ~45 Ma in the older
group (Fig. 2). This break marks the base of an uplifted annealing zone and represents the time
of initiation of cooling due to uplift. The shallow gradient defined above the break in slope is
an inherited characteristic from the pre-uplift apatite annealing zone. Ages of ~45 Ma defining
the steeper part of the apatite age profile are "uplift” ages, that is, they were recorded after uplift
began. Prior to this, they lay below the base of the annealing zone at temperatures too high to
record wacks.

The track length data give further evidence that the "break in slope” in the older group is
indeed present. Above the break tﬂe confined track lengths have been shortened to ~12 um
indicating exposure to temperatures in the range of 80-100°C following deposition. Below the
break the lengths are all long (>14 pm) which indicate that the rocks have not experienced
termperamures >~50°C. Since the fission track ages are substantdally less than sratigraphic ages
this relationship is only possible where samples below the break have been totally annealed and

then rapidly cooled at the time given by the fission track age.
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Figure 2. Apatite fission mack results for samples from the Gilead Creek region plotted
against their relatve positon in the stratigraphic section shown along the left
side. Error bars are one standard deviatdon. These define the "regional”
pattern consisting of a three-stage uplift history. Please see text for details.

Though inconclusive, the data from the upper-most sample (89 POS 131A) could possibly

indicate an older phase of cooling due to uplift in the Paleocene. The fission track data, as
previously described, indicate that following cooling the sample has seen maximum
temperatures in the range ~80-100°C since depositdon. Vitrinite data though indicates the
sample has seen much higher temperatures above 150°C (Dave Howell, personal
communicadon). Therefore, following deposition, that part of the section has experienced
temperatures much greater than required to totally anneal any existing fission tracks. Thus the
corrected fission rack age for the sample (corrected for mack length reduction) of ~59 £ 3 Ma
could indicate an earlier phase of cooling from >110°C in the Paleocene which occurred prior to
reburial to ~80-100°C during the Oligocene and subsequent cooling ar ~45 Ma. The presence of
this Paleocene event in the foothills of the Brooks Range is well documented from other fission
track data from the north flank of the Brooks Range (O'Sullivan, 1988; O'Sullivan, 1989;
O'Sullivan, 1990; O'Sullivan et. al., 1989, 1990a,b).

Based primarily on the fission mack data, it is believed that after depositon of the section by

the Late Cretaceous, heating associated with burial resulted in apatite fission track ages being

totally annealed. Subsequently, three phases of rapid uplift occurred dunng the Ternary due to

thrusting in the Brooks Range. The inital phase (proposed) occurred during the Paleocene.



This was followed by burial resulting in reheating of most of the sectdon to elevated
temperatures (>110°C) while the upper part of the section experienced temperatures in the range
~80-100°C. Subsequently a second phase of uplift occurred during the Eocene (~4S5 Ma) as
recorded by the samples from the upper Hue Shale and the Canning Formation. Finally, a third
phase of uplift occurred during the Oligocene (~35 Ma) as recorded by the lower part of the
section. This third phase is a result of thrusting along 2 proposed fault in the Hue Shale.
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GRAIN-AGE DATA FROM GILEAD CREEK REGION

89 POS 65A Gilead SS - Gilead Ck.

IRRADIATION LUOT79
SLIDE NUMBER §
COUNTED BY: P. O'Sultivan
No. Ns Ni__ Na__ RATIO __ U (ppm) RHOs RHOi _ F.T. AGE (Ma)
1 5 34 28 0.47 8.6 1.984E+05 1.349E+06 52.8 £ 25.3
2 7 33 9 0212 26.1 8.642E+05 4.074E+06 76.1% 317
3 8 716 16 0.105 338 S.5S56E+05S S5.278E+06 379 % 14.1
4 0 6 25 0.000 1.7 0.000E+00 2.667E+05 0.0+ 0.0
5 3 26 20 0.I115 9.2 1.667E+05 1.444E+06 41.5+ 253
6 0 4 25 0000 1.1 0.000E+00 1.778E+05 0.0+ 0.0
7 0 8 25 0.000 23 0.000E+00 3.556E+05 0.0% 0.0
8§ 1 13 18 0077 5.1 6.173E+04 B8.02SE+05 27.7% 28.7
9 0 7 16 0.000 3.1 0.000E+00 4.86lE+05 0.0+ 0.0
10 S5 St 15  0.098 242 37704E+0S 3.778E+06 353 % 16.5
I 0 4 16 0000 18 0.000E+00 2.778E+05 0.0+ 0.0
2 0 8§ 14 0000 4.1 0.000E+00 6349E+05 0.0z 0.0
13 2 60 40 0033 107 5.556E+04 1.667E+06 120+ 86
14 0 6 25 0.000 1.7 0.000E+00 2.667E+05 0.0 0.0
15 0 9 20 0.000 32 0.000E+00 5.000E+05 0.0+ 0.0
6 t 5 32 0200 1.1 3472E+04 1.736E+05 718 % 786
17 2 15 32 0133 33 6.944E+04 S5208E+05 479 * 36.1
18 16 209 24 0077 620 7.407TE+05 9.676E+06 276+ 72
19 21 223 25 0.094 635 9.333E+05 O9911E+06 339+ 7.8
20 0 18 36 0.000 3.6 O0.000E+00 S.556E+05 0.0+ 0.0
21 1 6 28 0167 1.5 3.968E+04 23B1E+05 59.9 + 64.7
2 3 32 12 0094 19.0 2.778E+05 2.963E+06 33.7+ 204
2 0 1 25 0.000 20 0.000E+00 3.111E+05 00% 0.0
2% 29 249 20 0.116 88.6 1.611E+06 1.383E+07 419+ 83
25 6 S8 18 0.103 229 3.704E+05  3.580E+06 372+ 16.0
110 1167 14.7 2.16JE+05 2.299E+06

Area of basic unit = 0000009 cm-2

Chi Squared = 17.532 with 24 degrees of freedom
P(chi squared) = 82.5 %

Correlation Coefficient = 0.968

Variance of SQR(Ns) = 2.46

Variance of SQR(N{) = 16.90

Age Dispersion = 0.878 % (did not converge)

Ns/Ni = 0.094 + 0.009
Mean Ratio = 0.071 = 0.014

Ages calculated using a zeta of 352.7+ 5 for SRM612 glass
Rho D = 2.046E+06cm-2; ND = 4604

POOLED AGE = 339+ 3.5 Ma
MEAN AGE = 25.5% 50Ma
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89 POS 69B Gilead SS - Gilead Ck.

IRRADIATION LU079
SLIDE NUMBER 9
COUNTED BY: P. O'Sutlivan

No. Ns Ni Na RATIO U (ppm) RHOs RHOi  F.T. AGE (Ma)
1 1 8 20 0.125 2.8 S5.556E+04 4.444E+0S 449t 47.7
2 1 3 25 0.333 09 4.444E+04 1333E+05 1192 £137.6
3 24 212 28 0.113 539 9.524E+05 8.413E+06 40.7+ 8.8
4 0 1 16  0.000 04 O0.000E+00 6944E+04 0.0 0.0
5 2 16 28 0125 4.1 7936E+04 6.349E+05 449+ 337
6 S 94 16 0.053 418 3.472E+05 6.528E+06 192+ 8.3
7 1 1 21 1.000 03 5291E+04 5.291E+04 351.1 £496.5
8 21 180 30 0.117 427 7.778E+05 6.667E+06 420+ 9.7
9 0 3 20 0.000 1.1 0.000E+00 1.667E+05 0.0z% 0.0
10 8 77 25 0104 219 3.556E+0S 3422E+06 374t 139
11 3 17 20 0.176 6.0 166TE+0S 9.444E+05 63.4% 39.7
12 0 4 30 0.000 0.9 0.000E+00 1481E+05 0.0% 0.0
13 0 3 25  0.000 0.9 O0.000E+00 1.333E+05 0.0+ 0.0
14 3 26 28 0.115 6.6 1190E+05 1.032E+06 41.5% 253
15 3 14 18 0214 55 1.852E+05 8.642E+05 769 x 48.9
16 O 1 24 0.000 0.3 0.000E+00 4.630E+04 0.0z 0.0
17 0 8 21 0.000 2.7 O0.000E+00 4.233E+05S 0.0% 0.0
18 S 51 42 0.098 8.6 1323E+05 1.349E+06 353 165
19 0 2 14 0.000 1.0 0.000E+00 1.587E+05 0.0% 0.0
200 11 121 30 0.091 28.7 4.074E+05 4.481E+06 32.7% 103
2t 0 6 32 0.000 1.3 0.000E+00 2.083E+05 0.0% 0.0
2 0 2 21 0.000 0.7 0.000E+00 1.058E+05 0.0 0.0
23 21 191 35 0.110 388 6.66TE+05 6.063E+06 395+ 9.1
24 2 11 36 0.182 22 6.173E+04 3.395E+05 65.3+ S02
23 34 36660  0.093 434 6.296E+05 6.778E+06 334+ 6.0
145 1418 152 2423E+05 2.369E+06

Area of basic vnit = 0000009 cm-2

Chi Squared = 14.288 with 24 degrees of freedom
P(cht squared) = 94.0 %

Correlation Coefficient = 0.986

Variance of SQR(Ns) = 3.17

Variance of SQR(Ni) = 26.90

Age Dispersion = 0.002 % (did not converge)

Ns/Ni = 0.102 £ 0.009
Mean Ratio = 0.122 + (0.040

Ages calculated using a zeta of 352.7%£5 for SRM612 glass
Rho D = 2.046E+06¢m-2; ND = 4604

POOLED AGE = 368 * 3.3 Ma
MEAN AGE = 439 % 145 Ma

13
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89 POS 70B Gilead SS - Gilead Ck.

IRRADIATION LU(079
SLIDE NUMRBER 10
COUNTED BY: P. O'Sullivan

No. Ns Ni Na RATIO U (ppm) RHOs RHOi  F.T. AGE (Ma)
1 0 3 25 0.000 0.9 O0.000E+00 1333E+05 0.0% 0.0
2 0 8 36 0.000 1.6 0.000E+00 2469E+05 0.0% 0.0
3 0 1 25 0.000 03 0.000E+00 4.444E+04 0.0% 0.0
4 1 21 16  0.048 93 6.944E+04 1.458E+06 172 % 176
5 5 28 20 0.179 100 2.778E+05 L.556E+06 6&4.1% 31.2
6 29 319 45  0.091 504 7.160E+0S 7.877E+06 327 64
7 8 76 40  0.105 135 2.222E+05 2.111E+06 379+ 14.1
8 0 4 18 0.000 1.6 0.000E+00 2465E+05 0.0+ 0.0
9 0 7 16  0.000 3.1 O0.000E+00 4.861E+05 0.0% 0.0
0 0 8 18  0.000 32 O0.000E+00 4938E+05 0.0 00
1 0 9 14 0.000 4.6 O0.000E+00 7.143E+05 00+ 0.0
12 16 207 40 0077 368 4.444E+05 5.7S0E+06 278+ 7.2
13 1 6 28  0.167 1.5 3968E+04 2.381E+05 599+ 64.7
14 29 259 42  0.112 439 7.672E+05 6.852E+06 403+ 79
15 1 3 25 0333 09 4.444E+04 1.333E+05 1192 * 137.6
16 2 16 28 0.125 4.1 7936E+04 6.349E+05 449 % 337
17 5 80 18 0.056 352 3.086E+05 5.494E+06 202+ 9.3
18 0 3 20  0.000 1.1 0.000E+00 1.667E+05 0.0+ 0.0
19 0 4 30 0.000 0.9 0.000E+00 1.481E+05 0.0f 0.0
20 3 15 18 0.200 5.9 1.852E+05 9.259E+05 71.8% 454
2t 5 52 28 0.0 13.2 1.984E+05 2.063E+06 34.6% 162
2 0 6 30 0.000 1.4 0.000E+00 2.222E+05 00% 0.0
23 2 11 36 0.182 22 6.173E+04 3.395E+05 653+ 502
24 1 7 20 0.143 2.5 S.SS6E+04 3.889E+05 5131 549
25 0 8 25 0.000 2.3  O0.000E+00 3.SS6E+0S 0.0+ 0.0

108 1170 126 1.81SE+05 1967E+06

Area of basic unit = 0000009 cm-2

Chi Squared = 15.191 with 24 degrees of freedom
P(chi squared) = 91.5 %

Correlation Coefficient = 0.981

Variance of SQR(INs) = 2.70

Variance of SQR(Ni) = 22.02

Age Dispersion = 0.078 % (did not converge)

Ns/Ni = 0.092 £ 0.009
Mean Ratio = 0.077 + 0.018

Ages calculated using a zeta of 352.7+5 for SRM612 glass
Rho D = 2.046E+06cm-2;  ND = 4604

POOLED AGE = 332+ 34 Ma
MEAN AGE = 276% 64 Ma
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89 POS 73A Gilead SS - Gilead Ck.

IRRADIATION LU079
SLIDE NUMBER 11
COUNTED BY: P. O'Sullivan

No. Ns Ni Na RATIO U (ppm) _RHOs RHOi __ F.T. AGE (Ma)
1 1 21 24 0.048 6.2 4.630E+04 9.722E+05 172+ 176
2 2 17 20 0118 6.0 1.1}1E+05 9.444E+05 423+ 316
3 1 1 25 1.000 03 4444E+04 4.444E+04 351.1 £496.5
4 1 9 25 041 2.6 4.444E+04 4.000E+05 40.0 % 42.}
5 0 14 25 0.000 40 O0.000E+00 6.222E+05 0.0% 0.0
6 5 61 24  0.082 18.1 2.315E+05 2.824E+06 29.5% 13.7
7 2 11 25 0.182 3.1 8.880E+04 4.880E+05 653 % 50.2
8 2 8 20 0.250 2.8 1111E+05 4.444E+05 89.6% 708
9 1 8 15 01428 3.8 7A407E+04 5.926E+05 449t 47.7
10 3 60 25  0.050 17.1 1.333E+05 2.667E+06 18.0% 10.7
11 9 120 25  0.075 34,1 4.000E+05 S5.333E+06 270% 9.3
12 4 74 18  0.054 292 2469E+05 4.568E+06 19.5% 100
13 9 91 16  0.099 405 6.250E+05 6.319E+06 35.6% 12.5
14 0 7 30 0.000 1.7 0.000E+00 2.593E+05 0.0+ 0.0
15 0 1 30 0.000 0.2 0.000E+00 3.704E+04 00% 0.0
16 O 3 18  0.000 1.2 0.000E+00 1.852E+05 0.0% 0.0
17 2 ) 9 0.222 7.1 2.469E+05 1.111E+06 79.7% 62.3
18 1 12 24 0.083 3.6 4.630E+04 S5.556E+05 30.0% 312
9 0 2 25  0.000 0.6 O0.000E+00 8.889E+(4 0.0x 0.0
20 1 S 25 0200 1.4 4.444E+04 2.222E+05 718+ 786
21 2 27 20 0.074 96 1.111E+05 1.500E+06 26.7+ 19.6
22 1 11 30 0.091 2.6 3.704E+04 4.074E+0S 12.7 % 342
23 0 14 25  0.000 4.0 0.000E+00 6.222E+05 0.0t 0.0
24 0 11 16  0.000 49 O0.000E+00 7.639E+05 00+ 0.0
25 0 3 15 0.000 1.4 0.000E+00 2222E+05 0.0+ 0.0
26 21 221 12 0.095 131,0 1.944E+06 2.046E+07 342+ 7.8

68 821 10.3 1.335E+05 1.612E+06

Area of basic unit = 0000009 cm-2

Chi Squared = 18.246 with 25 degrees of freedom
P(chi squared) = 832 %

Correlation Coefficient = 0.972

Variance of SQR(Ns) = 1.28

Variance of SQR(Ni) = 11.51

Age Dispersion = 0.009 % (did not converge)

Ns/Ni = 0.083 = 0.010
Mean Ratio = 0.114 = 0.038

Ages calculated using a zeta of 352,7+5 for SRM612 glass
Rho D = 2.046E+06cm-2;  ND = 4604

POOLED AGE = 298 + 38 Ma
MEAN AGE = 409+ 13.8Ma



89 POS 74A Gilead SS - Gilead Ck.

IRRADIATION LUG79
SLIDE NUMBER 12
COUNTED BY: P. O'Sullivan

No. Ns  Ni_ Na RATIO U (ppm) RHOs RHOi  E.T. AGE (Ma)

1 4 43 30 0093 10.2 1481E+05 1.593E+06 33.5zx 175
2 0 4 42 0.000 0.7 0.000E+00 1.058E+05 0.0+ 0.0
3 3 17 30 0.176 4.0 1.111E+05 6.296E+05 634+ 397
4 0 8 20 0.000 2.8 0.000E+00 4.444E+05 0.0% 0.0
5 0 8 25  0.000 2.3 0.000E+00 3.556E+05 0.0 0.0
6 3 4 16 0214 6.2 2083E+05 9.722E+05 76.9* 489
7 0 1 21 0.000 0.3 0.000E+00 S5.291E+04 0.0t 0.0
8 1 5 35 0200 1.0 3.175E+04 1.587E+0S 71.8% 78.6
9 11 123 28  0.089 313 436SE+05 4.881E+06 322+ 10.2
10 0 10 35 0.000 2,0 0.000E+00 3.175E+05 0.0% 0.0
1m0 29 25  0.000 8.3 0.000E+00 1.289E+06 0.0x 0.0
12 27 161 49  0.168 234 6.122E+05 3.651E+06 6021 12.6
13 0 \ 20 0.000 0.4 0.000E+00 5.556E+04 0.0* 0.0
14 1 7 5 0143 1.4 3.17SE+04 2.222E+05 S1.3+ 549
15 0 9 40  0.000 1.6 0.000E+00 2.500E+05 0.0%£ 0.0
16 O 1 24 0.000 0.3 0.000E+00 4.630E+04 0.0x 00
17 10 176 24 0.057 522 4.630E+05 8.148E+06 2053 6.7
18 0 3 24 0.000 0.9 O0.000E+00 1.389E+05 0.0+ 0.0
19 3 33 24 0.079 113 1.380E+05 1.759E+06 28.4 * 17.1
20 1 7 36 0.143 1.4 3.086E+04 2.160E+05 51.3% 54.9
21 1 21 60 0.048 25 1.852E+04 3.889E+0S 172+ 176
2 5 4 30 0114 104 1.852E+05 1.630E+06 409+ 193
23 14 106 45 0132 168 3.457E+05 2.61TE+06 47.5% 135
24 38 497 42 0.076 84.2 1.005E+06 1.31SE+07 27.5%+ 4.7
25 2 11 15 0.182 52 1481E+05 8.14BE+05 65.3+ 50.2
124 1344 123 1.778E+05 1.927E+06

Area of basic unit = 0000009 cm-2

Chi Squared = 25.809 with 24 degrees of freedom
P(chi squared) = 36.3 %

Correlagon Coefficient = (.935

Variance of SQR{Ns) = 2.96

Variance of SQR(Ni) = 25.07

Age Dispersion = 26,980 %

Ng/Ni = 0.092 + 0.009
Mean Ratio = 0.077 + 0.015

Ages calculated using a zeta of 352.7% 5 for SRM612 glass
Rho D = 2.046E+06cm-2; ND = 4604

POOLED AGE = 332+ 3.2 Ma
MEAN AGE = 27.6% S55Ma



89 POS 76C Kemik - Gilead Ck.

[RRADIATION LUO79
SLIDE NUMBER 13
COUNTED BY: P, O'Sullivan

No. Ns Ni Na RATIO U (ppm) RHOs RHOi _ E.T. AGE (Ma)

1 10 59 24 0169 17.5 4.630E+05 2.731E+06 60.9 + 20.9
2 0 5 20  0.600 1.8 0.000E+00 2.778E+05 0.0x 0.0
3 1 27 25 0.037 7.7 4.444E404 1.200E+06 13.3% 13.6
4 21 170 14 0.124 864 1.667TE+06 1.349E+07 444 % 103
5 0 15 18 0.000 59 O0.000E+00 9.259E+05 0.0z 0.0
6 0 6 24 0.000 1.8 0.000E+00 2.778E+05 0.0% 0.0
7 12 147 24 0.082 436 5.556E+05 6.806E+06 294+ 8.8
8 0 8 36 0.000 1.6 0.000E+00 2469E+05 0.0+ 0.0
9 0 24 16 0.000 10,7 O0.000E+00 1.667E+06 0.0% 0.0
10 O 10 24  0.000 3.0 0.000E+00 4.630E+05 0.0+ 0.0
11 0 1 36 0.000 0.2 Q0.0C0E+00 3.086E+04 0.0% 0.0
12 2 53 25 0.038 151 8.889E+04 2.356E+06 136 9.8
13 9 58 24 0.155 172 4.167E+05 2.685E+06 55.7% 200
14 0 19 30 0.000 45 O0.000E+00 7.037E+0S 0.0% 0.0
15 12 8 9 0.138 68.8 1.481E+06 1.074E+07 49.6% 153
16 5 30 16 0.167 133 3.472E+05 2.083E+06 59.9=* 289
17 0 32 35  0.000 6.5 0.000E+00 1.0l6E+06 0.0* 0.0
18 9 105 35 0.086 213 2.857E+(05 3.333E+06 30.59% 10.7
19 0 3 25 0.000 0.9 O.000E+00 1333E+05 00% 0.0
20 6 25 0.167 1.7 4.44E+04 2.667TE+0S 59.9% 647
2y 7 33 18 0.2)2 130 4321E+05 2.037E+06 76.1% 317
22 31 248 30 0.125 588 1.148E+06 9.185E+06 449t 8.6
23 1 9 2 0111 53 9.259E+04 8.333E+05 40.0% 42.1
24 6 66 9 0.09% 522 7407E+05 8.148E+06 32.7% 140
25 5 31 28 0.161 79 1.984E+05 1.230E+06 57.9+ 279
132 1252 15.3 2.520E+05 2.390E+06

Area of basic unit = .0000009 cm-2

Chi Squared = 27.559 with 24 degrees of freedom
P(chi squared) = 27.9 %

Correlation Coefficient = 0.955

Variance of SQR(Ns) = 2.80

Variance of SQR(Ni) = 14.26

Age Dispersion = 13.634 % (did not converge)

Ns/Ni = 0.105 + 0.010
Mean Ratio = 0.074 + 0.015

Ages calculated using a zeta of 352,7 £S5 for SRM612 glass
Rho D = 2.046E+06cm-2;  ND = 4604

POOLED AGE = 379 £ 3.6 Ma
MEAN AGE = 268t 53 Ma



89 POS 77B Kemik - Gilead Ck.

IRRADIATION LUQ79
SLIDE NUMBER 14
COUNTED BY: P. O'Sultivan

No. Ns Ni_ Na RATIO U (ppm)__ RHOs RHOi  F.T. AGE (Ma)

1 3 49 30  0.061 11.6 1.111E+05 1.815E+06 22.1% 13.1

\ 19 28 0.053 48 3968E+04 7.540E+05 19.0% 195
3 7 94 25 0.074 267 3.111E+05 4.178E+06 26.8+ 10.5
4 1 11 40 0.091 2.0 2.778E+04 3.056E+05 327+ 342
5 1 18 25 0.056 5.1 4.444E+04 8.000E+05 20.0% 20.6
6 0 30 35 0.000 6.1 0.000E+00 9.524E+05 0.0 0.0
7 7 82 24 0.085 243 3.241E+05 3.796E+06 30.7t 12.1
8 8 57 20 0.140 203 4.444E+05 3.167E+06 50.4 + 19.1
9 32 170 24 0.188 504 1481E+06 7.870E+06 67.6% 13.1
16 0 37 30 0.000 8.8 0.000E+00 1370E+06 0.0% 0.0
11 1 26 32 0038 58 3.472E+04 9.028E+05 139+ 143
12 2 39 45 0051 62 4938E+04 9.630E+05 18.5% 134
13 0 24 20 0.000 8.5 0.000E+00 1.333E+06 0.0t 0.0
14 2 18 20 0.111 64 LI11E+0S 1.000E+06 40.0+ 29.8
15 0 1t 32 0.000 24 0.000E+00 3.819E+05 0.0z% 0.0
16 8 53 12 0151 314 7.407E+05 4.907E+06 54.2* 20.6
17 O 7 42 0.000 1.2 0.000E+00 1.852E+05 0.0 00
18 28 207 36 0.135 40.9 B8.642E+05 6.389E+06 486+ 9.8
19 0 27 24 0.000 8.0 O0.000E+00 1.250E+06 0.0 0.0
200 15 112 30 0.134 266 S5.556E+05 4.148E+06 48.1+ 133
2t 7 71 16  0.099 316 4.861E+05 4.931E+06 355z 14.1
22 1 7 25 0143 2.0 4.444E+04 3.111E+05 513+ 549
23 4 39 24 0.103 116 1.852E+0S 1.806E+06 36.9* 194
24 1 15 30 0.067 3.6 3.704E+04 5.556E+05 24.0% 248
25 2 19 36  0.105 38 6.173E+04 S.8G4E+0S 379+ 282

131 1242 125 2.065E+05 t.957E+06

Area of basic unit = .0000009 cm-2

Chi Squared = 32.669 with 24 degrees of {reedom
P(chi squared) = 11.1 %

Correlation Coefficient = 0.950

Variance of SQR(Ns) = 246

Variance of SQR{(Ni)= 9.48

Age Dispersion = 39.981 %

Ns/Ni = 0.105 = 0.010
Mean Rado = 0.075 £ 0.011

Ages calculated using a zewa of 352.7+ 5 for SRM612 glass
Rho D = 2.046E+06cm-2; ND = 4604

POOLED AGE = 37

9+ 3.6 Ma
MEAN AGE = 272+ 41

Ma



89 POS 79B Hue Shale - Gilead Ck.

IRRADIATION LUO79
SLIDE NUMBER (5
COUNTED BY: P. O'Suilivan

No. Ns Ni_ Na RATIO U (ppm) RHOs RHOi  F.T. AGE (Ma)
1 3 28 30 0.107 6.6 L.ILIE+05 1.037E+06 38.5+* 234
2 12 82 50 0.146 11.7 2.667E+05 1.822E+06 52.6+ 16.3
3 3 30 35 0100 6.1 9.524E+04 O9.524E+05 36.0% 218
4 t0 56 24 0.179 166 4.630E+05 2.593E+06 64.1+ 220
S 16 147 40  0.109 26.1 4.444E+05 4.083E+06 392t 103
6 7 71 60 0.099 84 1.296E+05 1315E+06 355% 14.%
7 13 137 40  0.095 244 3611E+05 3.806E+06 341% 99
8 1 58 45  0.017 92 2469E+04 1432E+06 62+ 63
9 6 104 S0  0.058 148 1.3338+05 2.311E+06 208+ 8.7
10 7 46 32 0.152 102 2431E+05 1.597E+06 54.7+ 22.2
11 S 66 50 0.076 94 1.I1IE+0S 1467E+06 2731 127
12 4 36 24 0.111 10.7 1.852E+05 1.667E+06 40.0% 21.1
13 6 69 48  0.087 102 1.389E+05 1.597E+06 313 =% 133
14 7 69 32 0.0t 153 2431E+05 2.396E+06 36.5% 14.5
15 10 79 35 0127 16.1 3.17SE+05 2.508E+06 455* 153
16 2 32 48 0062 47 4.630E+04 7T40T7E+05 22.5% 164
17 4 32 25 0425 9.1 1.778E+0S 1.422E+06 449+ 239
18 5 39 24 0128 11.6 231SE+05 1.806E+06 46.1+ 219
19 2 25 25 0.080 7.1 8.88GE+04 1.111E+06 288+ 21.2
20 0 19 16  0.000 8.4 0.000E+00 1319E+06 0.0* 0.0
21 O 51 28 0.000 13.0 0.000E+00 2.024E+06 0.0 0.0
22 7 68 25 0.103 19.4 3.111E+05 3.022E+06 37.0% 14.7
23 5 32 20 0.156 11.4 2.778E+05 1.778E+06 56.1 = 27.0
24 0 21 35 0.000 4.3 0.000E+00 6.667E+05S 00x 0.0
25 1 23 15 0.043 109 7.407E+04 1.704E+06 15.7+ 16.0
136 1420 118 1.765E+05 1.843E+06

Area of basic unit = 0000009 c¢m-2

Chi Squared = 24.659 with 24 degrees of freedom
P(chi squared) = 42.4 %

Carrelation Coefficient = 0.832

Variance of SQR(Ns)= 1.18

Variance of SQR(Ni) = 4.49

Age Dispersion = 6.259 % (did not converge)

Ns/Ni = 0.096 + 0.009
Mean Ratio = 0.090 = 0.010

Ages calculated using a zeta of 352.7+ 5 for SRM612 glass
Rho D = 2.046E+06cm-2; ND = 4604

POOLED AGE = 34.5 + 3.2 Ma
MEAN AGE = 326+ 3.6Mz



89 POS 81B Canning Fm. - Gilead Ck

IRRADIATION LUOBO
SLIDE NUMBER 1
COUNTED BY: P. O'Sullivan

No. Ns Ni Na RATIO U (ppm) RHOs RHOi  F.T. AGE (Ma)
1 6 42 40  0.143 6.9 1.667E+05 L.I67E+06 553 =% 242
2 1 i6 50 0.062 2.1 2222E+04 3.556E+05 243 % 250
3 17 174 35  0.098 328 5397E+05 5.524E+06 379+ 9.7
4 4 22 50 0182 2.9 8.889E+04 4.889E+05 70.3+ 383
5 3 27 40 0411 4.5 B8333E+04 7.500E+05 43.1% 262
6 15 143 49  0.105 19.3 3.401E405 3.243E+06 40.7 = 11.1
7 22 224 36 0.098 41.1 6.790E+05 6.914E+06 38.1% 8.5
8 40 207 25 0193 546 1.77BE+06 9.200E+06 74.7+ 13.0
9 17 73 70 0233 6.9 2698E+0S L.159E+06 90.0% 24.3
10 2 11 35 0182 2.1 6.349E+04 3492E+05 703 % 541
11 16 163 80 0.098 134 2222E+05 2.264E+06 38.1% 10.0
12 47 493 48  0.095 678 LOBSE+06 1.141E+07 37.0* 5.7
13 23 157 35 0.146 29.6 7.302E+05 4.984E+06 56.7x 127
4 5 4 56 0114 52 9921E+04 8.730E+05 44.1 % 208
15 6 32 54 0.188 3.9 1.23SE+05 6.584E+05 725t 323
16 51 499 36 0.102 915 1.574E+06 1540E+07 3962 5.9
17 30 281 60 0.107 309 S5.556E+05 S.204E+06 414+ 8.0
g 2 14 48  0.143 1.9 4.630E+04 324l1E+05 553+ 418
19 7 43 60 0.163 4.7 1296E+05 7.963E+05 63.0+ 257
20 21 256 SO 0.082 338 4.667E+05 5.680E+06 318+ 7.3
21 29 220 56  0.132 259 5.754E+05 4.365E+06 Sl.1+ 1041
2 0 26 40 0.000 43 0.000E+00 7.222E+05 0.0% 00
23 9 39 64 0.091 102 1.562E+0S 1.719E+06 353+ 123
PZ 9 50  0.111 12 2.222E+04 2.000E+05 43.1% 454
25 2 9 40  0.222 1.5 S5.556E+04 2.500E+05 859+ 67.2
376 3284 180 3.461E+05 3.023E+06

Area of basic unit = .0000009 c¢m-2

Chi Squared = 32.020 with 24 degrees of freedom
P(chi squared) = 12.6 %

Correlaton Coefficient = 0.947

Variance of SQR(Ns) = 3.87

Vartance of SQR(Ni) = 34.49

Age Dispersion = 16.534 %

Ng/MNi = 0.114 + 0.006
Mean Ratio = 0.128 + 0.010

Ages calculated using a zeta of 352.7 =5 for SRM612 glass
Rho D = 2.206E+06cm-2;  ND = 4963

POOLED AGE = 444 + 2.6 Ma
MEAN AGE = 49.6+ 4.2Ma



