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Map showing approximate locations of samples collected for this study. 



INTRODUCTION 

This is a preliminary report of apatite fission track analysis data of samples from the Fortress 
Mountain and Toolik Lake region of the North Slope of Alaska. During 1989, samples were 
collected along a vertical traverse up Fortress Mountain and along a section directly west of 
Toolik Lake. Apatite grains were separated from the samples and analyzed in Melbourne 
Australia at the La Trobe University Fission Track Research Laboratory. Separations and 
grain-mounts were completed by Geotrack International. All analyses were completed by the 
author as part of an ongoing PhD project funded in part by the U.S. Minerals Management 
Service Continental Margins Program. 

Each analysis includes two parts: 1) age report; and 2) track length distributions. The age 
report shows a listing of the individual grain ages, the resulting age and pertinent information 
used in determining the age. A guide to read the information is as follows: 

POS 22A-Tucktu Fm. -Sample number and unit collected 
Irradiation: -In-house number for grouping samples from 

the same irradiation package 
crystal -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 
Ratio -Ratio of (NS/NI) for each grain 
U ( P P ~ )  -Uranium concentration of each grain 
RHOS -Density of spontaneous tracks (per cm2) 
RHOi -Density of induced tracks (per cm2) 
F.T.Age(Ma) -Individual grain ages 
CHI Squared -Statistical test for determining multiple 

grain populations 
p(chi squared) -probability of less than 5% indicates multiple 

grdrn populations 
Variance of SQR -Statistical comparison of values of NS or NI 

for all grains 
NS/NI -Pooled ratio of (NSN). 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 Ratio -Average ratio of (NS/NI) for grains 
Pooled Age -Age calculated using NS/NI(single population) 
Mean Age -Age calculated Using "Mean Ratio" (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 tracks measured for the sample (N). 



SAMPLE INFORMATION 

Fission track ages are typically determined on 20 grains of apatite from a single sample and 
100 confined tracks are typically measured for each track length distribution. All samples from 
Fortress Mountain yielded apatite in adequate amounts for 20 individual grains to be dated while 
two of four samples from Toolik Lake did not produce 20 dateable grains. Most samples from 
both areas yielded grains representing multiple populations so the mean age is presented (shown 
by a * in table below). For the few for which it was determined that the dated grains 
represented a single population, the pooled age is presented. Due to young apparent ages, low 
uranium concentrations, and low yields in some samples, only three samples yielded >I00 
confined tracks. 

Sample No. Formation Elevation (ft) Lengths (#) Mean Length (pn) Age (Ma) 
FORTRESS MTN. 
89 POS 102A 
89 POS 103A 
89 POS 104A 
89 POS 105A 
89 POS 106A 
89 POS 107A 
89 POS 118A 
TOOLIK LAK 
89 POS 108A 
89 POS 109A 
89 POS 1 lOA 
89 POS 1 l lA 

Eortress Mm. 3100 
Fortress Mtn. 3430 
Fortress-Mtn. 3740 
Fortress Mtn. 4130 
Fortress Mtn. 4530 
Fortress Mtn. 4690 
Fortress Mtn.. 4460 

'E 
Fortress Mtn. 2700 
Fortress Mm. 2600 
Fortress Mtn. 2730 
Fortress Mtn. 2520 

TRACK LENGTH DATA 

Sample Track Length Range (p) 
Number <$ 5-6 6-7 7-8 8-9 9-10 10-11 11-12 12-13 13-14 14-15 15-16 16-17 >17 
FORTRESS MTN. 
102A 0 0 0 1 1 1  1 8 17 17 26 21 7 2 
103A 3 0 0 0 4 4  7 7 13 17 31 14 4 2 
104A 1 0 0 0 0 1  1 4  8 1 4 1 5 8  4 0  
105A 0 0 0 0 0 0  1 1 4 6 3 5  2 0 
106A 0 1 1 0 1 2  4 7 1 3 1 8 2 5 2 3  5 0  
107A 0 0 0 3 4 4  2 3 4 1 6 2 8  6 1 0  
118A 0 0 0 1 0 2  2 1 1 7 12 12 6 0 
TOOLIK LAKE 
108A 1 1 0 0 0 0  3 6 6 6 4 1 1 0  
109A 0 0 0 0 0 0  0 1 1 0  7 7 6 2 0 
1 lOA 0 0 0 0 0 0  0 5 7 5 8 1 0 3 0  
11 lA 1 0 0 0 1 0  1 2 7 14 17 11 7 0 



DATA FROM FORTRESS MOUNTAIN 

89POS102A APATITE Fortress Mm. Fm. 

IRRADIATION GT067 
SLIDE NUMBER 5 
COUNTED BY: POS 

No. Ns Ni Na RATIO U (ppm) RHOS RHOi F.T. AGE (Ma) 

1 14 32 60 0.438 6.0 2.655E+05 6.068E+05 102.1 f 32.8 
2 10 26 28 0.385 10.4 4.064E+05 1.057E+06 89.9 + 33.5 
3 1 12 42 0.083 3.2 2.709E+04 3.251E+05 19.6 f 20.4 
4 20 99 42 0.202 26.3 5.418E+05 2.682E+06 47.4f11.7 
5 24 168 36 0.143 52.1 7.585E+05 5.310E+06 33.5 +. 7.4 
6 3 7 70 0.429 1.1 4.876E+04 1.138E+05 100.0 + 69.1 
7 1 8 60 0.125 1.5 1.896E+04 1.517E+05 29.3k31.1 
8 4 14 60 0.286 2.6 7.585E+04 2.655E+05 66.9 f 37.9 
9 16 9$ 20 0.178 50.3 9.102E+05 5.12OE+06 41.7+ 11.4 
10 5 13 35 0.385 4.2 1.625E+05 4.226E+05 89.9 f 47.3 
11 18 34 56 0.500 7.2 3.657E+05 7.314E+05 123.4 f 36.0 
12 9 17 60 0.529 3.2 1.707E+05 3.224E+05 123.4 f 50.9 
13 4 15 36 0.267 4.7 1.264E+05 4.741E+05 62.4 k 35.2 
14 11 26 80 0.423 3.6 1.564E+05 3.698E+05 98.8 f 35.6 
15 3 19 50 0.158 4.2 6.827E+04 4.324E+05 37.0 + 23.0 
16 7 20 49 0.350 4.6 1.625E+05 4.644E+05 81.8f36.0 
17 2 18 49 0.1 11 4.1 4.644E+04 4.180E+05 26.1 f 19.5 
18 0 12 64 0.000 2.1 0.000E+00 2.133E+05 0.0 + 0.0 
19 5 14 50 0.357 3.1 1.138E+05 3.186E+05 83.5 + 43.5 
20 8 16 50 0.500 .. . 3.6 1.820E+05 3.641E+05 116.6 f 50.6 

Area of basic unit = 8.789E-07 cm-2 

CHI SQUARED = 38.022 WITH 20 DEGREES OF FREEDOM 
P(chi squared) = 0.9 % 
CORRELATION COEFFICIENT = 0.836 
VARIANCE OF SQR(Ns) = 1.61 
VARIANCE OF SQR(Ni) = 6.69 

Ns/Ni = 0.246 + 0.021 
MEAN RATIO = 0.285 + 0.034 

Ages calculated using a zeta of 352.7 f 3.9 for SRM612 glass 
RHO D = 1.334E+06cm-2; ND = 2098 

POOLED AGE = 57.8 f 5.1 Ma 
MEAN AGE = 67.1 f 8.3 Ma 



89POS103A APATITE Fortress Mtn. Fm. 

IRRADIATION GT067 
SLIDE NUMBER 6 
COUNTED BY: POS 

No. Ns Ni Na RATIO U (ppm) RHOS RHOi F.T. AGE (Ma) 

Area of basic unit = 8.789E-07 cm-2 

CHI SQUARED = 26.341 WITH.:19 DEGREES OF FREEDOM 
P(chi squared) = 12.1 % 
CORRELATION COEFFICIENT = 0.960 
VARIANCE OF SQR(Ns) = 2.20 
VARIANCE OF SQR(Ni) = 5.98 

NsiNi = 0.259 f 0.027 
MEAN RATIO = 0.270 f 0.045 

Ages calculated using a zeta of 352.7 4 3.9 for SRM612 glass 
RHO D = 1.334E+06cm-2; ND = 2098 

POOLED AGE = 60.7 +_ 6.4 Ma 
MEAN AGE = 63.1 +_ 10.8 Ma 



89POS104A APATITE Fortress Mtn. Fm. 

IRRADIATION GM67 
SLIDE NUMBER 7 
COUNTED BY: POS 

No. Ns Ni Na RATIO U (ppm) RHOS RHOi F.T. AGE (Ma) 

Area of basic unit = 8.789E-07 cm-2 : 

CHI SQUARED = 48.862 WITH 21 DEGREES OF FREEDOM 
P(chi squared) = 0.1 % 
CORRELATION COEFFICIENT = 0.927 
VARIANCE OF SQR(Ns) = 6.20 
VARIANCE OF SQR(Ni) = 16.23 

Ns/Ni = 0.237 + 0.013 
MEAN RATIO = 0.189 + 0.020 

Ages calculated using a zeta of 352.7 f. 3.9 for SRM612 glass 
RHO D = 1.334E+06cm-2: ND = 2098 

POOLED AGE = 55.4 f. 3.4 Ma 
MEAN AGE = 44.3 + 4.7 Ma 



89POS 105A APATITE Fortress Mtn. Fm. 

IRRADIATION GT067 
SLIDE NUMBER 8 
COUNTED BY: POS 

No. Ns Ni Na RATIO U (ppm) RHOS RHOi F.T. AGE (Ma) 

Area of basic unit = 8.789E-07 cm-2 

CHI SQUARED = 53.575 WITH 20 DEGREES OF FREEDOM 
P(chi squared) = 0.0 % 
CORRELATION COEFFICIENT = 0.888 
VARIANCE OF SQR(Ns) = 4.92 
VARIANCE OF SQR(Ni) = 20.93 

Ns/Ni = 0.217 f 0.013 
MEAN RATIO = 0.225 f 0.033 

Ages calculated using a zeta of 352.7 + 3.9 for SRM612 glass 
RHO D = 1.334E+06cm-2; ND = 2098 

POOLED AGE = 50.8 * 3.3 Ma 
MEAN AGE = 52.8 f 7.8 Ma 



89POS106A APATITE Fortress Mm. Fm. 

IRRADIATION GT067 
SLIDE NUMBER 9 
COUNTED BY: POS 

No. Ns Ni Na RATIO U (ppm) RHOS RHOi F.T. AGE (Ma) 

1 20 64 40 0.312 17.9 5.689E+05 1.82OE+06 73.1k 18.8 
2 5 69 42 0.072 18.4 1.354E+05 1.869E+06 17.0 -L 7.9 
3 2 6 36 0.333 1.9 6.321E+04 1.896E+05 77.9k63.7 
4 33 180 30 0.183 67.0 1.252E+06 6.827E+06 43.0k 8.2 
5 27 149 32 0.181 52.0 9.600Ec05 5.298E+06 42.5 k 8.9 
6 22 153 50 0.144 34.2 5.006E+05 3.4828+06 33.7 + 7.7 
7 2 1 115 64 0.183 20.1 3.733E+05 2.044E+06 42.8 f 10.2 
8 8 19 40 0.421 5.3 2.276E+05 5.404E+05 98.3 -+ 41.5 
9 34 256 30 0.133 95.3 1.289E+06 9.709E+06 31.2 f 5.7 
10 8 36 36 0.222 11.2 2.528E+05 1.138E+06 52.1 f 20.4 
11 1 4 36 0.250 1.2 3.161E+04 1.264E+05 58.5 f 65.5 
12 41 262 40 0.156 73.2 1.166E+06 7.452E+06 36.7+ 6.2 
13 20 53 2 1 0.377 28.2 1.084E+06 2.872E+06 88.2k23.2 
14 13 9% 70 0.138 15.0 2.113E+05 1.528E+06 32.5 k 9.6 
15 5 26  80 0.192 3.6 7.1 11E+04 3.698E+05 45.1 rC_ 22.0 
16 8 33 36 0.242 10.2 2.528E+05 1.043E+06 56.8 f 22.4 
17 24 156 40 0.154 43.6 6.827E+05 4.437E+06 36.1 _+ 8.0 
18 3 23 60 0.130 4.3 5.689E+04 4.362E+05 30.6f18.8 
19 0 1 36 0.000 0.3 0.000E+00 3.161E+04 0.0 f 0.0 
20 9 13 24 0.692 6.1 4.267E+05 6.1638+05 160.8 f 69.9 

304 1712 22.7 4.103E+05 2.31 1E+M 

Area of basic unit = 8.7898-07 cm-2 

CHI SQUARED = 40.880 WITH -19 DEGREES OF FREEDOM 
P(chi squared) = 0.2 % 
CORRELATION COEFFIClENT = 0.937 
VARIANCE OF SQR(Ns) = 3.1 1 
VARIANCE OF SQR(Ni) = 21.27 

Ns/Ni = 0.178 f 0.011 
MEAN RATIO = 0.226 + 0.033 

Ages calculated using a zeta of 352.7 f 3.9 for SRM612 glass 
RHO D = 1.334E+06cm-2: ND = 2098 

POOLED AGE = 41.6 k 2.8 Ma 
MEAN AGE = 52.9 f 7.9 Ma 



89POS 107 APATITE Fortress Mm. Fm. 

IRRADIATION GT067 
SLIDE NUMBER 10 
COUNTED BY: POS 

No. Ns Ni Na RATIO U (ppm) RHOS RHOi F.T. AGE (Ma) 

1 30 94 40 0.319 26.3 8.533E+05 2.674E+06 74.6 f 15.8 
2 4 12 60 0.333 2.2 7.585E+04 2.276E+05 77.9 f 45.0 
3 9 25 42 0.360 6.6 2.438E+05 6.773E+05 84.1f32.8 
4 60 196 48 0.306 45.6 1.422E+06 4.646E+06 71.6 + 10.7 
5 8 37 16 0.216 25.8 5.689E+05 2.631E+06 50.7 f 19.8 
6 19 42 25 0.452 18.8 8.647E+05 1.91 1E+M 105.6 f 29.3 
7 10 33 25 0.303 14.7 4.551E+05 1.502E+06 70.9 f 25.6 
8 1 11 80 0.091 1.5 1.422E+04 1.564E+05 21.4 f 22.3 
9 88 386 40 0.228 107.8 2.503E+06 1.098E+07 53.4 f 6.4 
10 18 78 24 0.231 36.3 8.533E+05 3.698E+06 54.1 + 14.2 
11 4 16 30 0.250 6.0 1.517E+05 6.068E+05 58.5 f 32.8 
12 13 57 35 0.228 18.2 4.226E+05 1.853E+06 53.4 f 16.5 
13 16 119 28 0.134 47.5 6.502E+05 4.836E+06 31.6f 8.4 
14 5 10 42 0.500 2.7 1.354E+05 2.709E+05 116.6 f 63.9 
15 29 115 80- 0.252 16.1 4.124E+05 1.636E+06 59.1 f 12.4 
16 11 74 40 0.149 20.7 3.129E+05 2.105E+06 34.9 f 11.3 
17 39 194 40 0.201 54.2 1.109E+06 5.518E+06 47.1 f 8.3 
18 2 15 20 0.133 8.4 1.1388+05 8.533E+05 31.3f23.6  
19 2 9 60 0.222 1.7 3.793E+04 1.707E+05 52.1 f 40.7 

Area of basic unit = 8.789E-07 cm-2 

CHI SQUARED = 23.741 WITH '19 DEGREES OF FREEDOM 
P(chi squared) = 20.6 % 
CORRELATION COEFFICIENT = 0.967 
VARIANCE OF SQR(Ns) = 4.70 
VARIANCE OF SQR(Ni) = 19.56 

Ns/Ni = 0.242 f 0.014 
MEAN RATIO = 0.259 f 0.023 

Ages calculated using a zeta of 352.7 f 3.9 for SRM612 glass 
RHO D = 1.334E+06cm-2; ND = 2098 

POOLED AGE = 56.7 f 3.5 Ma 
MEAN AGE = 60.5 f 5.6 Ma 



89POS 1 18A APATITE Fortress Mm. Fm. 

IRRADIATION GT07 1 
SLIDE NUMBER 2 
COUNTED BY: POS 

No. Ns Ni Na RATIO U (ppm) RHOS RHOi F.T. AGE (Ma) 

Area of basic unit = 8.789E-07 cm-2 

C M  SQUARED = 53.047 WITH 19 DEGREES OF FREEDOM 
P(chi squared) = 0.0 % 
CORRELATION COEFFICIENT = 0.898 
VARIANCE OF SQR(Ns) = 5.44 
VARIANCE OF SQR(Ni) = 18.26 

NsMi = 0.256 Jc 0.013 
MEAN RATIO = 0.251 f 0.023 

Ages calculated using a zeta of 352.7 f 3.9 for SRM612 glass 
RHO D = 1.290E+06cm-2; ND = 2030 

POOLED AGE = 57.9 f 3.2 Ma 
MEAN AGE = 57.0 + 5.3 Ma 



DATA FROM TOOLIK LAKE 

89POS108A APATITE Fortress Mtn. Fm. 

IRRADIATION GT067 
SLIDE NUMBER 11 
COUNTED BY: POS 

No. Ns Ni Na RATIO U (ppm) RHOS RHOi F.T. AGE (Ma) 

Area of basic unit = 8.789E-07 cm-2 

CHI SQUARED = 235.725 WITH 19 DEGREES OF FREEDOM 
P(chi squared) = 0.0 % 
CORRELATION COEFFICIENT = 0.548 
VARIANCE OF SQR(Ns) = 6.59 
VARIANCE OF SQR(Ni) = 17.08 

Ns/Ni = 0.255 + 0.014 
MEAN RATIO = 0.264 f 0.059 

Ages calculated using a zeta of 352.7 f 3.9 for SRM612 glass 
RHO D = 1.334E+06cm-2; ND = 2098 

POOLED AGE = 59.7 + 3.6 Ma 
MEAN AGE = 61.8 + 14.0 Ma 



89POS 109A APATITE Fortress Mtn. Fm. 

IRRADIATION GT067 
SLIDE NUMBER 12 
COUNTED BY: POS 

No. Ns Ni Na RATIO U (ppm) RHOS RHOi F.T. AGE (Ma) 

Area of basic unit = 8.789E-07 cm-2 

CHI SQUARED = 1 7 8 . 0 0 1 ' ~ 1 ~ ~  14 DEGREES OF FREEDOM 
P(chi squared) = 0.0 % 
CORRELATION COEFFICIENT = 0.488 
VARIANCE OF SQR(Ns) = 7.46 
VARIANCE OF SQR(Ni) = 19~03: 

Ns/Ni = 0.251 f 0.019 
MEAN RATIO = 0.217 + 0.083 

Ages calculated using a zeta of 352.7 + 3.9 for SRM612 glass 
RHO D = 1.334E+06cm-2; ND = 2098 

POOLEDAGE= 58.9 + 4.8 Ma 
MEAN AGE = 50.9 + 19.5 Ma 



89POS 1 lOA APATITE Fortress Mm. Fm. 

IRRADIATION GT067 
SLlDE NUMBER 13 
COUNTED BY: POS 

No. Ns Ni Na RATIO U (ppm) RHOS RHOi F.T. AGE (Ma) 

Area of basic unit = 8.789E-07 cm:2 

CHI SQUARED = 77.042 WITH 16 DEGREES OF FREEDOM 
P(chi squared) = 0.0 % 
CORRELATION COEFFICIENT = 0.920 
VARIANCE OF SQR(Ns) = 4.99: 
VARIANCE OF SQR(Ni) = 26.14 

NsNi = 0.215 + 0.015 
MEAN RATIO = 0.3 11 + 0.073 

Ages calculated using a zeta of 352.7 _+ 3.9 for SRM612 glass 
RHO D = 1.334E+06cm-2; MI = 2098 

POOLED AGE = 50.4 + 3.6 Ma 
MEAN AGE = 72.8 1 17.1 Ma 



89POS 1 1 1 A APATITE Fortress Mm. Fm. 

IRRADIATION GM71 
SLIDE NUMBER 1 
COUNTED BY: POS 

No. Ns Ni Na RATIO U (ppm) RHOS RHOi F.T. AGE (Ma) 

Area of basic unit = 8.7898-07 cm-2 

CHI SQUARED = 43.628 WITH 19 DEGREES OF FREEDOM 
P(chi squared) = 0.1 % 
CORRELATION COEFFICIENT = 0.922 
VARIANCE OF SQROIJs) = 2.65 
VARIANCE OF SQR(Ni) = 18.5 1 

NsNi = 0.175 + 0.012 
MEAN RATIO = 0.225 + 0.026 

Ages calculated using a zeta of 352.7 k 3.9 for SRM612 glass 
RHO D = 1.290E+O6cm-2; ND = 2030 

POOLED AGE= 39.6+ 2.8 Ma 
MEAN AGE = 51.0 + 6.1 Ma 



ACK LENGTH DATA 

89 POS 102A 
M.L. = 13.94 
S.D. = 1.78 
N = 102 

89 POS 103A 
M.L. = 13.21 
S.D. = 2.46 



- 89 POS 118A 
ML. = 14.23 
S.D. = 2.09 
, N = 4 4  

I 

I 

r 89 POS 108A 
M.L. = 12.31 

40 89 POS llOA r ML. = 14.04 

C S.D. = 1.50 

30 N =  38 

- 89 POS 102A 
M.L. = 13.94 
S.D. = 1.78 
, N =  102 

1 

1 

I I 

89 POS l l l A  
M.L. = 14.01 
S.D. = 2.06 
N=61  
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