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may be too young. Anomalously young ages could result
if the glass has lost argon via diffusion or alteration. The
“Ar/*Ar incremental, or age-spectrum, technique is used
to evaluate the possibility of argon loss or redistribution
caused by reheating or alteration of minerals. Although it
is rarely used on terrestrial volcanic glasses, the funda-
mental concepts of the *°Ar/®Ar spectrum technique
(Lanphere and Dalrymple, 1978) are the same as when ap-
plied to crystalline materials. A sample is heated to pro-
gressively higher temperatures, and a series of ages,
termed apparent ages, is calculated from the argon ex-
pelled at each temperature step. Typically, a history of al-
teration or reheating of a mineral sample will result in
younger ages for the low-temperature steps. Higher tem-
perature steps will produce older ages that may form a
plateau around a value thought to reflect the true cooling
age of the rock. In general, this pattern is attributed to a
higher argon retentiveness of the high-temperature sites in
the crystal lattice. Although glass is not directly compara-
ble to minerals in that it lacks a well-developed crystal
structure, “’Ar/**Ar incremental heatings can nonetheless
give insight into the argon retentiveness of glass. The as-
sumption used for interpreting incremental heatings of
glass is that the low-temperature steps (about 300-500 °C)
release loosely held argon from the outside edges of the
glass shards and from alteration products. Higher tempera-
ture steps (about 550 °C and higher) release argon (by vol-
ume diffusion) from inner portions of the shards that have
been less affected by alteration and diffusion over geolog-
ic time. Alteration and diffusion of argon will be most pro-
nounced along the edges of the shards; low-temperature
steps will reveal these effects of argon loss by yielding
anomalously young apparent ages.

All samples were analyzed by either induction-heating
or laser-heating “’Ar/*Ar techniques, and one sample
(M86LPA9) by both methods (table 2). Three of the sam-
ples (M86LPA19, 84ACr180Y, MS86LPA9) produced
well-defined plateaus in the argon-release sequence
(fig. 4A4) and show only minor radiogenic argon loss at
low-temperature steps. The amount of argon loss can be
estimated by comparison of plateau ages and recombined
total-fusion ages. In a total-fusion analysis, a sample is
completely fused after irradiation and all of the Ar re-
leased is analyzed in a single experiment. To simulate this
technique, the data can be combined from the incremental
Ar releases to calculate a total-fusion age, known as a re-
combined total-fusion, or total-gas, age for each sample.
The recombined total-fusion ages for all samples are about
1 m.y. younger than the plateau ages (table 3), indicating
loss of radiogenic argon of less than 2.5 percent. Two of
the samples (M86LPA14, 86ACr019) give less well-
defined plateaus, and their calculated ages appear
anomalous on the basis of the inferred stratigraphic se-
quence. “Ar/*$Ar versus *Ar/*Ar isochron diagrams and

%Ar/“Ar versus *Ar/*Ar correlation diagrams for these
samples also show evidence of disturbance (figs. 4B, 4C).

Sample M86LPA19

This tephra bed is inferred to be the oldest unit dated
in this study on the basis of its stratigraphic position. Glass
from the tephra was dated twice by the age-spectrum
method and once by the total-fusion method using
laser heating (table 2). The plateau ages from the two
age-spectrum experiments are 70.0£0.9 and 71.4+0.6 Ma
(table 3). Although temperatures of individual steps were
not determined, the general plateau shape is similar to that
of samples for which temperatures are known. Both age
spectra for this tephra unit show evidence of minor loss of
“Ar in the low-temperature steps. This loss is expressed
by young ages in the first step of experiment L115-2,
which involved about 7 percent of the total release of *Ar
from the sample, and in the first two steps of experiment
L115-3, which involved about 32 percent of the total *Ar
release (fig. 44). The difference in release patterns be-
tween the two experiments may be due to inhomogeneous
heating by the laser heat source, leading to incomplete de-
gassing at the lower temperature steps. In spite of this in-
consistency, total radiogenic “°Ar loss, estimated by
comparison of the recombined total-fusion ages with the
plateau ages, is less than about 2 percent in each analysis.

Ages calculated from the “°Ar/*®Ar versus *Ar/**Ar
isochron diagrams (fig. 4B) and **Ar/*’Ar versus **Ar/*Ar
correlation diagrams (fig. 4C) for these experiments agree
with the plateau ages according to the criteria of Lanphere
and Dalrymple (1978). The error estimates (+) derived
from the isochron and correlation diagrams are slightly
higher than those calculated from the plateaus because of
the extremely low percentage of atmospheric **Ar contam-
ination in the laser-fusion line. **Ar for these samples was
typically only slightly above background values, so analyt-
ic error is relatively high. In addition, measured 4°Ar/?6Ar
ratios, especially for the higher temperature platean steps,
are greater than about 3,000 (fig.4B), so that the isochron
must be projected relatively far back to the axis from
which the initial “’Ar/**Ar ratio is derived. The combined
effect of these factors is that the ages calculated from the
isochron and correlation diagrams have errors approxi-
mately 2 to 3 times those indicated by the plateau calcula-
tions, but in all cases agree with the plateau ages within
the error limits. Initial “°Ar/**Ar ratios also have large er-
rors—of as much as 100 percent or more—due to the low
*Ar content, but in both experiments, initial *°Ar/**Ar
ratios were consistent with the expected ratio of 295.5, the
ratio of “°’Ar to *Ar in air. The goodness-of-fit index for
the regression of the lines in the isochron and correlation
diagrams, given by SUMS/(N-2), ranges from 0.01 to 0.18.
Values greater than about 2.5 indicate the presence of geologic
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error (Lanphere and Dalrymple, 1978); values less than  of-fit index suggest that the experimental errors were
1.0 indicate that the scatter of points on the line is less  overestimated. The goodness-of-fit index nonetheless
than can be expected due to analytical error. In these ex-  provides strong evidence that the tephra gives an undis-
periments, values significantly less than 1.0 for the goodness-  turbed and geologically meaningful plateau age.

Table 2. Results of *Ar/39Ar analyses of Colville River tephra beds
[Samples listed in probable stratigraphic order, with sample from lowermost tephra bed at end of table. Bold italic entries indicate data used in
calculation of plateau and isochron ages. In third column, temperatures (°C) are reported for samples heated by induction coil, lettered steps for

samples heated by continuous laser; TFU means total fusion. J, parameter used in age calculations; rad, radiogenic. Decay constants: Ag+A'g =
0581 x1010yr ], g = 4.962 x 1010 yr L, 40K /K, ) = 1167 x 10" mol/mol)

Sample Experiment Temp (°C) 3JArreleased “VArrad  Apparent

number number _orstep _ 40Ar3%r 3TAr9Ar 36Ar39Ar  (percent)  (percent)  age (Ma)

M86LPA9 L1212 A 22.28 0.08604 0.06051 1.28 19.7 22.1425.8
B 16.41 003099 008048 3.90 855 69.816.5
c 1473 01691 003862 16.24 922 67.641.7
D 1426 01690 001943 27.32 95.9 68.140.8
E 14.18 01330 001050 20.67 97.7 68.9+1.0
F 14.07 01413 0004771 10.11 98.9 69.241.0
G 14.14 01139 0004163 5.80 99.0 69.741.0
H 14.08 01649 0008217 14.68 98.2 68.841.3

1=0.00281

Reactor corrections: (36Ar/37Ar)cy=0.0003; (39Ar37 Ar)c,=0.0003; (40Ar39Ar)K=0.0086

M86LPA9  87A076 350 2223 0.05515 0.7520 0.17 0.03 0.6+26.7
400 21.77 0111 07389 197 214 50.0+1.8
475 11.27 01715 01176 1336 69.1 65.5+0.4
600 8.803 01659 002101 62.55 92.9 68.740.2
750 9.160 01430 003466 1941 88.8 68.310.3
865 17.38 003415 03180 2.46 45.9 67.041.3
FUSE 3382 1253 1.153 .08 .7 2094788

1=0.004745

Reactor corrections: (30Ar/37 Ar)ca=0.000234; (39 Ar/37 Ar)ca=0.000654; (40Ar/39 Ar)k=0.0057

86ACI019  88A003 450 16.67 0.1756 0.003098 9.35 450 63.0+1.8
550 9.126 1562 004647 4238 84.7 65.040.5
625 8.788 1621 004158 29.18 85.8 63.410.7
700 10.01 1809 008652 11.89 743 62.6+1.4
800 13.49 2357 01977 567 56.6 64.242.8
FUSE 4195 1.256 1153 1.52 189 66.7+2.8

1=0.004745 _

Reactor corrections: (30Ar/37Ar)a=0.000278; (39Ar37Ar)c,=0.0007; (40Ar39AnK=0.0332

MSGLPA14 88A004 450 17.30 0.1889 0.03943 459 325 474429
525 13.01 1510 01474 2336 66.3 72.140.8
600 10.07 1439 004354 3274 87.0 73.240.6
700 9.355 1463 002891 26.64 90.6 70.940.7
775 9517 1630 004225 9.73 86.7 69.0+1.4
FUSE 64.77 3460 1842 294 16.0 86.045.1

7=0.004725

Reactor corrections: (36Ar/37Ar)ca=0.000278; (39Ar37Ar)ca=0.0007; (40Ar39Ar)K=0.0332

84ACr180Y 87A075 350 3537 0.05557 0.1041 0.58 13.0 39.0+8.9
450 16.69 05418 03560 6.26 369 52.040.9
525 1031 04298 007529 34.06 784 68.0+0.3
600 8.773 03772 001751 2451 94.1 69.310.3
700 8.497 04671 008265 25.86 97.1 69.340.3
850 13.02 2258 01610 7.38 63.6 69.510.8
FUSE 1475 1.956 02166 1.34 57.5 71.343.9

1=0.004745

Reactor corrections: (36Ar/37Ar)a=0.000234; (39Ar/37 Ar)c,=0.000654; (40Ar39 Ar)k=0.0057
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Table 2. Results of “°Ar/33Ar analyses of Colville River tephra beds—Continued

[Samples listed in probable stratigraphic order, with sample from lowermost tephra bed at end of table. Bold italic entries indicate data used in
calculation of plateau and isochron ages. In third column, temperatures (°C) are reported for samples heated by induction coil, lettered steps for
samples heated by continuous laser; TFU means total fusion. J, parameter used in age calculations; rad, radiogenic. Decay constants: le-ﬂ.'g =
0.581 x 10710yl ag = 4.962 x 10710 yr ] 40Kk, ) = 1167 x 104 molfmol]

Sample Experiment Temp (°C) 39Ar released Radiogenic Apparent
number number  or step 40Ar/39Ar 37Ar/39Ar 36Arl39Ar (percent) 407, age (Ma)

MS86LPA19 L115-1 TFU 15.29 0.02571 0.005813 100 88.7 67.5t1.5

L115-2 A 18.15 0.07131 02405 6.29 60.8 55.1174

B 15.36 03294 004176 20.85 91.9 70.242.4

C 14.88 02771 002610 17.40 94.8 70.11£2.1

D 14.85 .02393 003381 20.15 93.2 68.842.0

E 14.87 03198 003107 11.37 93.8 69.342.9

F 1445 .03979 001380 1.83 97.1 69.843.0

G 14.77 02632 001768 22.12 96.4 70.8+1.4

L115-3 A 17.34 0.007356 0.01290 2.80 78.0 67.314.2

B 15.01 02244 003973 28.68 92.1 68.810.6

C 14.77 02248 001475 47.44 97.0 71.240.8

D 14.65 01742 0007919 15.67 98.4 71.610.7

E 14.92 01306 001839 2.76 96.3 71.443.3

F 15.03 01364 002773 2.64 94.5 70.613.4

J=0.00281

Reactor corrections: (30Ar/37Ar)c,=0.0003; (394137 Ar)c,a=0.0003; (40Ar39Ar)k=0.0086

Sample 84ACr180Y

Sample 84ACr180Y was collected from a tephra bed
inferred to be the second oldest in the area of study. A
fault of unknown displacement separates it from the
MS6LPA19 tephra bed, the oldest tephra in the study area.
Conventional induction-heated “°Ar°Ar incremental-heating
analysis on glass from this tephra sample gives a plateau
age of 69.310.4 Ma (table 3). Minor radiogenic “°Ar loss
is apparent in the 350-, 450-, and 525-°C steps (fig. 44,
table 2), which total nearly 41 percent of the total **Ar
release. Comparison with the recombined total-fusion age
of 67.6£0.4 Ma (table 3) indicates that total radiogenic
“Ar loss is about 2.5 percent. The “Ar/>*Ar versus
¥ A1/®Ar isochron diagram (fig. 4B) and **Ar/*“Ar versus
*Ar/®Ar correlation diagram (fig. 4C) yield identical ages
of 69.310.4 Ma and initial “Ar/*Ar ratios of 297.946.1
and 298.016.1, respectively; these ratios are identical to
the expected value of 295.5. The values of SUMS/(N-2)
are about 0.08 and 0.09 for these diagrams, suggesting that
the age is geologically accurate. Inclusion of the 525-°C
step on the plateau does not significantly change the pla-
teau age or the ages derived from the isotope and correla-
tion diagrams, but it changes the SUMS/(N-2) value for
the diagrams to about 5, suggesting geologic error, in this
case most likely due to minor radiogenic “°Ar loss.

Sample M86LPA14

Sample M86LPA14 was taken from a tephra bed
about 18 m stratigraphically above the 84ACr180Y tephra

bed. “°Ar/Ar age-spectrum analysis suggests some
disturbance of argon in this sample. As in the two previ-
ous samples, the initial low-temperature (450 °C) step
shows evidence of radiogenic “°’Ar loss; it is followed by
an apparent plateau defined by the 525-, 600-, 700-, and
775-°C steps (fig 4A). This plateau, however, shows sig-
nificantly more scatter than those of the previous samples,
with apparent ages ranging from 69.0 to 73.2 Ma (table 2).
The “Ar/**Ar versus ¥ Ar/*Ar isochron diagram (fig. 4B)
and the *Ar/*Ar versus *Ar/*Ar correlation diagram
(fig. 4C) also suggest that there is some argon redistribu-
tion in this sample. No combination of steps from the ap-
parent plateau yields ages in the isochron and correlation
diagrams that are concordant with the corresponding pla-
teau age and have a SUMS/(N-2) value of less than about
4; most combinations give higher values. Initial “°Ar/**Ar
values are highly variable and range from about 120 to
more than 500 (expected value is 295.5), depending on the
heating increments used in the regression. One explanation
for the anomalous data for this sample is that it contains
extremely fine-grained alteration products, most likely
clays, that have lost small amounts of *Ar by recoil dur-
ing or shortly after irradiation, thus giving slightly old ap-
parent ages. Samples of glass shards from this tephra unit
viewed under the scanning electron microscope (fig. 3)
show significantly more surface alteration than shards that
give apparently undisturbed spectra. This alteration may
have penetrated the glass from this tephra bed deeply
enough that the hydrofiuoric acid treatment did not remove
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Table 3. Summary of K-Ar and “CAr/3%Ar ages of Colville River tephra beds
[Samples listed in probable stratigraphic order, with sample from lowermost tephra bed at bottom of table. ---, not determined]

Sample Experiment K-Ar 40Ar39Ar 40Ar9Ar 40Ar/39Ar total-
number number age (Ma) plateau age (Ma) isochron age (Ma) fusion age (Ma)
MS86LPAY----- L121-2 .- 68.8+0.5 69.0+0.8 68.01+0.7*
87A076 --- 68.5+0.4 68.7+04 67.6+0.4*
871589 69.5+2.1 -—- --- ---
86ACr019----- 88A003 No plateau -—- 64.1+0.5*
871535 65.842.0 - --- ---
MS86LPA14--- 88A004 No plateau --- 71.120.5*
871590 68.5+2.0 --- ---
84ACr180Y--- 87A075 --- 69.3+0.4 69.3+04 67.6+0.4*
MS86LPA19---- L115-1 - —_— -- 67.5%1.5
L115-2 --- 70.0+0.9 69.5+3.1 69.0+1.0*
L115-3 --- 71.4+0.6 72.0+1.1 70.4+0.6*
871452 704+2.1 --- ---
*Recombined age.

all the alteration products. The conventional K-Ar analysis
of this sample gave an age of 68.5+2.0 Ma, analytically
indistinguishable from the age of the underlying tephra
bed (see table 2). Thus, alteration of this tephra bed, which
appears to have caused some argon redistribution, appar-
ently did not result in appreciable loss of radiogenic “°Ar.

Sample 86ACr019

Sample 86ACr019 was taken from a tephra bed several
meters stratigraphically above two major dinosaur-bone-
bearing beds and about 3 m below a third bone bed. This
tephra bed is inferred to be the second youngest in this
study, although a covered interval separates this part of the
section from the three tephra beds described in the previ-
ous paragraphs, and a fault of unknown displacement sep-
arates it from the younger beds to the east (figs. 1, 2).
“Ar/®Ar age-spectrum analysis of this sample reflects
some degree of argon loss and (or) redistribution. Al-
though a plateau appears to be present at about 64 Ma
(table 2), the overall shape of the plateau is similar to that
of sample M86LPA 14, which is interpreted to indicate a
disturbed age (fig. 44). The initial 450-°C step gives a
slightly young age, and it is followed by a series of steadi-
ly decreasing ages for the middle-temperature steps. The
final two steps give slightly higher ages, similar to the fi-
nal step for MB86LPA14. Moreover, the apparent platecau
age of about 64 Ma is slightly young on the basis of the
ages of the other samples. The “Ar/**Ar versus *Ar/>*Ar
isochron diagram (fig. 4B) and *Ar/*’Ar versus *Ar/*Ar
correlation diagram (fig. 4C) bear out the conclusion that
this sample is slightly disturbed. Ages calculated from the
isochron and correlation diagrams are concordant with the
age calculated from the apparent plateau, and initial
“Ar/*Ar ratios are close to 295.5, but the goodness-of-fit
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index, SUMS/(N-2), is about 3.5, indicative of geologic
error. The pattern of steadily decreasing ages of the pla-
teau steps is a characteristic of recoil of *Ar after irradia-
tion. The young apparent ages, however, are not typical of
recoil but instead suggest loss of radiogenic “’Ar. Possibly,
devitrification and recrystallization of very fine grained al-
teration products that were susceptible to *Ar recoil in the
reactor also led to significant loss of radiogenic “’Ar over
geologic time, This age spectrum is in contrast to that of
MB86LPA14, which apparently was affected by recoil ef-
fects but does not show evidence of argon loss.

Sample M86LPA9

Sample M86LPA9 is from the youngest tephra bed
exposed near Ocean Point. “°Ar/*Ar age-spectrum analy-
sis was performed by both induction-heating techniques
(experiment 87A076) and laser-heating techniques (experi-
ment L121-2), giving plateau ages of 68.510.4 and
68.8+0.5 Ma, respectively (table 3). Both spectra show
very well defined plateaus and similar release patterns
(fig. 4A). Only minor loss of radiogenic argon is apparent
in the low-temperature release steps. Comparison of the
plateau ages with recombined total-fusion ages (table 3)
indicates total radiogenic argon loss is less than 1.5 per-
cent for both types of analysis. The “°Ar/*®Ar versus
*®Ar/*Ar isochron diagrams and *°Ar/*Ar versus
¥Ar/*Ar correlation diagrams for both these analyses also
indicate that the plateau ages represent undisturbed ages
(figs. 4B, 4C). Ages derived from the isochron and correla-
tion diagrams are concordant with the plateau ages, initial
“OAr/*Ar ratios are not significantly different from 295.5
at a 95-percent confidence level, and the goodness-of-fit
indexes (SUMS/(N-2)) are less than 1.



DISCUSSION

The results indicate that rhyolitic glass at least as old
as Late Cretaceous can give geologically reasonable K-Ar
and “Ar/*Ar radiometric ages. Analysis of age spectra
and isochron and correlation diagrams using the criteria of
Lanphere and Dalrymple (1978) readily distinguishes be-
tween samples that have undergone some degree of argon
redistribution and those that are essentially undisturbed
and therefore give reliable cooling ages. The “°Ar/*Ar age
spectra for three of the glass samples (M86LPA19,
84ACr180Y, M86LPAY) have concordant, well-defined
plateaus and show only minor evidence of argon loss
caused by alteration or diffusion. Samples M86LPA14 and
86ACr019 gave disturbed age spectra and appear to have
some degree of argon redistribution, but only one of these
(86ACr019) shows evidence of significant argon loss.
“Ar/®Ar ages derived from isochron diagrams—termed
isochron ages—are in general preferred ages because the
method by which they are determined minimizes the ef-
fects of alteration, and thus argon loss, and takes best ac-
count of analytical errors. The plateau and isochron ages
also have greater precision than conventional K-Ar ages,
in part because they are an average of several individual
age determinations.

Although all of the samples show evidence of minor
argon loss, three of the five glass samples we dated yielded

63

ages that represent true cooling ages on the basis of nor-
mal criteria for analysis of “°Ar/>’Ar age spectra. The mi-
nor (<2.5 percent) “°Ar loss observed in the
low-temperature heating steps can be attributed to loss of
“Ar due to surface alteration and (or) diffusion near shard
boundaries. Nonetheless, the “Ar/*Ar ages are indistin-
guishable from the conventional K-Ar ages within the lim-
its of analytical uncertainty. Of the two samples giving
apparently disturbed *°Ar/*’Ar age spectra, one
(M86LPA14) gave a K-Ar age (68.5+2.0 Ma) that is rea-
sonable on the basis of the other radiometric dates, sug-
gesting that some argon redistribution occurred without
significant argon loss. The slightly old recombined total-
fusion age of 71.1£0.5 Ma obtained on this sample by
“Ar/*Ar analysis may be an artifact of the irradiation
process (recoil of *Ar). Sample 86ACr019 appears to
have suffered significant “’Ar loss due to alteration or dif-
fusion on the basis of the incremental heating data. The
K-Ar age of 65.842.0 Ma for this sample is therefore con-
sidered a minimum age.

The “best” or preferred age for each of the tephra
beds is shown in figure 5. For samples M86LPA9 and
MS86LPA19, preferred ages are 68.8+0.4 and 70.4+0.8 Ma,
respectively, and are calculated from weighted means of
“Ar/*°Ar isochron ages, “’Ar/*Ar total-fusion ages, and
K-Ar ages for each tephra bed. The preferred age for sam-
ple 84ACr180Y is the “Ar/°Ar isochron age of 69.3+0.4 Ma.
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The best age estimate for sample M86LPA14 is the K-Ar
age of 68.5+2.0 Ma, because of possible irradiation-
induced disturbance in the “°’Ar/*Ar analysis. The K-Ar
age of 65.842.0 Ma for sample 86ACr019 is considered a
minimum age because of significant argon redistribution
and loss apparent in the “’Ar/*Ar analysis. Although there
appears to be a slight decrease in age upward through the
section, none of the tephra beds are demonstrably different
in age at a 95-percent confidence level. Since the ages are
concordant, a best age estimate of 69.1+0.3 Ma for the
dinosaur-bonebearing beds was calculated using the
weighted mean of all the analyses. Assuming that offsets
across the faults and covered intervals are small, the loca-
tion of the Cretaceous-Tertiary boundary, considered to be
about 66 Ma (Palmer, 1983), appears to be at least 100 m
above the youngest dated tephra bed (M86LPAY), provid-
ed depositional and environmental conditions remained
constant. This new dating, by establishing a Late Cretaceous
age for the dinosaur-bone-bearing beds, is compatible with
the impact theory for the extinction of the dinosaurs. Un-
fortunately, no tephra beds have been identified near the
probable location of the Cretaceous-Tertiary boundary to
allow for K-Ar or “*Ar/*Ar dating. About 40-60 m above
the youngest tephra bed, the section passes into a marine
depositional environment (Phillips, 1988). Thus, any teph-
ra beds deposited at this time would likely be reworked
and altered by diagenetic interaction with sea water.

REFERENCES CITED

Alvarez, L.W., Alvarez, Walter, Asaro, Frank, and Michel, H.V,,
1980, Extraterrestrial cause for the Cretaceous-Tertiary ex-
tinction: Science, v. 208, p. 1095-1108.

Brouwers, EM., Clemens, W.A., Spicer, R.A., Ager, T.A,, Carter,
L.D., and Sliter, W.V., 1987, Dinosaurs on the North Slope,
Alaska—High latitude, latest Cretaceous environments: Sci-
ence, v. 237, p. 1608-1610.

Carter, L.D., Repenning, C.A., Marincovich, L.N., Hazel, J.E.,
Hopkins, D.M., McDougall, Kristen, and Naeser, C.W,,
1977, Gubik and pre-Gubik Cenozoic deposits along the
Colville River near Ocean Point, North Slope, Alaska: U.S.
Geological Survey Circular 751-B, p. B12-B14.

Dalrymple, G.B., and Lanphere, M.A., 1969, Potassium-argon
dating: San Francisco, W.H. Freeman Company, 258 p.

1971, ®Ar/*Ar technique of K-Ar dating—A comparison

with the conventional technique: Earth and Planetary Sci-

ence Letters, v. 12, p. 300-308.

C12  Evolution of Sedimentary Basins—North Slope Basin

1974, “9Ar/*Ar age spectra of some undisturbed terres-
trial samples: Geochimica et Cosmochimica Acta, v. 38,
p. 715-738.

Detterman, R.L., Reiser, H.N., Brosgé, W.P., and Dutro, I.T,, Ir,
1975, Post-Carboniferous stratigraphy, northeastern Alaska:
U.S. Geological Survey Professional Paper 886, 46 p.

Fleck, R.J., Sutter, J.F, Elliot, D.H., 1977, Interpretation of dis-
cordant “Ar/*Ar age-spectra of Mesozoic tholeiites from
Antarctica: Geochimica et Cosmochimica Acta, v. 41,
p- 15-32.

Gryc, George, Patton, W.W.,, Jr., and Payne, T.G., 1951, Present
Cretaceous stratigraphic nomenclature of northern Alaska:
Washington Academy of Sciences Journal, v. 41, no. 5,
p. 159-167.

Ingamells, C.O., 1970, Lithium metaborate flux in silicate analy-
sis: Analytica Chimica Acta, v. 52, p. 323-334.

Lanphere, M.A., and Dalrymple, G.B., 1978, The use of
“Ar/¥Ar data in evaluation of disturbed K-Ar systems, in
Zartman, R.E., ed., Short papers of the Fourth International
Conference, geochronology, cosmochronology, isotope
geology: U.S. Geological Survey Open-File Report 78-701,
p. 241-243.

Marincovich, Louie, Jr., Brouwers, EXM., and Carter, L.D., 1985,
Early Tertiary marine fossils from northern Alaska—Implications
for Arctic Ocean paleogeography and faunal evolution: Ge-
ology, v. 13, p. 770-773.

McDougall, Kristen, 1987, Maestrichtian benthic foraminifers
from Ocean Point, North Slope, Alaska: Joumnal of Forami-
niferal Research, v. 17, no. 4, p. 344-366.

Palmer, A.R., 1983, The Decade of North American Geology
1983 geologic time scale: Geology, v. 11, p. 503-504.

Phillips, R.L., 1988, Measured sections, paleoenvironments, and
sample locations near Ocean Point, Alaska: U.S. Geological
Survey Open-File Report 88—40.

Stacey, J.S., Sherrill, N.D., Dalrymple, G.B., Lanphere, M.A.,
and Carpenter, N.V,, 1981, A five-collector system for the
simultaneous measurement of argon isotopic ratios in a static
mass spectrometer: International Journal of Mass Spectrome-
try Ion Physics, v. 39, p. 167-180.

Steiger, R.H., and Jéger, E., 1977, Subcommission on geochronolo-
gy—Convention on the use of decay constants in geo- and
cosmochronology: Earth and Planetary Science Let-
ters, v. 36, p. 359-362.

Taylor, J.R., 1982, An introduction to error analysis, the study of
uncertainties in physical measurements: Oxford University
Press, 270 p.

York, Derek, Hall, C.M., Yanase, Yotaro, Hanes, J.A., and
Kenyon, W.J., 1981, “°Ar/**Ar dating of terrestrial minerals
with a continuous laser: Geophysical Research Letters, v. 8,
p. 1136-1138.




SELECTED SERIES OF U.S. GEOLOGICAL SURVEY PUBLICATIONS

Periodicals

Earthquakes & Volcanoes (issued bimonthly).
Preliminary Determination of Epicenters (issued monthly).

Technical Books and Reports

Professional Papers are mainly comprehensive scientific reports of
wide and lasting interest and importance to professional scientists and en-
gineers. Included are reports on the results of resource studies and of
topographic, hydrologic, and geologic investigations. They also include
collections of related papers addressing different aspects of a single scien-
tific topic.

Bulletins contain significant data and interpretations that are of last-
ing scientific interest but are generally more limited in scope or
geographic coverage than Professional Papers. They include the results
of resource studies and of geologic and topographic investigations; as well
as collections of short papers related to a specific topic.

Water-Supply Papers are comprehensive reports that present sig-
nificant interpretive results of hydrologic investigations of wide interest
to professional geologists, hydrologists, and engineers. The series covers
investigations in all phases of hydrology, including hydrogeology,
availability of water, quality of water, and use of water.

Circulars present administrative information or important scientific
information of wide popular interest in a format designed for distribution
at no cost to the public. Information is usually of short-term interest.

Water-Resources Investigations Reports are papers of an interpre-
tive nature made available to the public outside the formal USGS publi-
cations series. Copies are reproduced on request unlike formal USGS
publications, and they are also available for public inspection at
depositories indicated in USGS catalogs.

Open-File Reports include unpublished manuscript reports, maps,
and other material that are made available for public consultation at
depositories. They are a nonpermanent form of publication that may be
cited in other publications as sources of information.

Maps

Geologic Quadrangle Maps are multicolor geologic maps on
topographic bases in 7 1/2- or 15-minute quadrangle formats (scales main-
ly 1:24,000 or 1:62,500) showing bedrock, surficial, or engineering geol-
ogy. Maps generally include brief texts; some maps include structure
and columnar sections only.

Geophysical Investigations Maps are on topographic or planimetric
bases at various scales; they show results of surveys using geophysical
techniques, such as gravity, magnetic, seismic, or radioactivity, which
reflect subsurface structures that are of economic or geologicsignificance.
Many maps include correlations with the geology.

Miscellaneous Investigations Series Maps are on planimetric or
topographic bases of regular and irregular areas at various scales; they
present a wide variety of format and subject matter. The series also in-
cludes 7 1/2-minute quadrangle photogeologic maps on planimetric bases
which show geology as interpreted from aerial photographs. Series also
includes maps of Mars and the Moon.

Coal Investigations Maps are geologic maps on topographic or
planimetric bases at various scales showing bedrock or surficial geol-
ogy, stratigraphy, and structural relations in certain coal-resource areas.

Oil and Gas Investigations Charts show stratigraphic information
for certain oil and gas fields and other areas having petroleum potential.

Miscellaneous Field Studies Maps are multicolor or black-and-
white maps on topographic or planimetric bases on quadrangle or ir-
regular areas at various scales. Pre-1971 maps show bedrock geology
in relation to specific mining or mineral-deposit problems; post-1971
maps are primarily black-and-white maps on.various subjects such as
environmental studies or wilderness mineral investigations.

Hydrologic Investigations Atlases are multicolored or black-and-
white maps on topographic or planimetric bases presenting a wide range
of geohydrologic data of both regular and irregular areas; principal scale
is 1:24,000 and regional studies are at 1:250,000 scale or smaller.

Catalogs

Permanent catalogs, as well as some others, giving comprehen-
sive listings of U.S. Geological Survey publications are available under
the conditions indicated below from the U.S. Geological Survey, Books
and Open-File Reports Section, Federal Center, Box 25425, Denver,
CO 80225. (See latest Price and Availability List.)

"Publications of the Geological Survey, 1879- 1961" may be pur-
chased by mail and over the counter in paperback book form and as a
set of microfiche.

"Publications of the Geological Survey, 1962- 1970" may be pur-
chased by mail and over the counter in paperback book form and as a
set of microfiche.

"Publications of the U.S. Geological Survey, 1971- 1981" may be
purchased by mail and over the counter in paperback book form (two
volumes, publications listing and index) and as a set of microfiche.

Supplements for 1982, 1983, 1984, 1985, 1986, and for subsequent
years since the last permanent catalog may be purchased by mail and
over the counter in paperback book form.

State catalogs, "List of U.S. Geological Survey Geologic and
Water-Supply Reports and Maps For (State)," may be purchased by mail
and over the counter in paperback booklet form only.

"Price and Availability List of U.S. Geological Survey Publica-
tions," issued annually, is available free of charge in paperback book-
let form only.

Selected copies of a monthly catalog " New Publications of the U.S.
Geological Survey" available free of charge by mail or may be obtained
over the counter in paperback booklet form only. Those wishing a free
subscription to the monthly catalog "New Publications of the U.S.
Geological Survey" should write to the U.S. Geological Survey, 582
National Center, Reston, VA 22092.

Note.--Prices of Government publications listed in older catalogs,
announcements, and publications may be incorrect. Therefore, the
prices charged may differ from the prices in catalogs, announcements,
and publications.






