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INTRODUCTION 

As part of a larger study of climate change a group of 
samples, primarily basalts Erom some of the unglaciated basins in 
the interior of Alaska and the Yukon Territory of Canada, were 
collected and analyzed using 40~r/39~r age spectrum and total fusion 
dating techniques. This publication contains reduced 'OA~/~'A~ data 
from a portion of the study area and is intended only to be a 
preliminary publication of these results, in more detail than can 
be accommodated in today's professional journals. Also included in 
this report is information on the location of all samples and a 
brief description of both the outcrops Erom which the samples were 
collected and the individual samples. The data contained herein are 
not interpreted in a geological context and care should be taken by 
users unfamiliar with argon isotopic data in the use of these 
results. No geological meaning is implied for any of the apparent 
ages presented below and many of the apparent ages are not 
geologically meaningful. All of the apparent ages are included for 
use in discussing in subsequent publications. This report is 
primarily a detailed source document for subsequent publications 
that will integrate this data into a geological context. 

SAMPLING STRATEGY 

The area sampled in this study is along the Porcupine River in 
the Yukon flats basin in east-central Alaska, between the Upper 
Ramparts, near the Alaska-Yukon Border and the Fish hook bend area 
to the west ( ~ i g .  1). Because the area is extremely remote and has 
no roads, access is limited to areas that can be reached by 
airplane, helicopter or riverboat. All of thesamples were collected 
from outcrops cut by the Porcupine River and its tributaries in 
their traverse across the Arctic tundra. Most of the samples 
collected are basalts that range from fairly fresh to quite 
weathered. All possible efforts were made to collect only the least 
altered material at each outcrop, although in several instances all 
of the basalt from a given outcrop or flow was quite altered. At 
two outcrops on the western end of the traverse we sampled a tephra 
layer that was found intercalated in a sedimentary sequence. 
Plagioclase and biotite separated from these samples were analyzed 
using 4oAr/39~r dating techniques. Special attention was given Fo the 
collection of basalts from stacks of flows that were intercalated 
with pods, lenses, or beds of forest floor material. Pollen from 
these organic deposits is a good indicator of the climate in the 
area and precise 40~r/39~r dating of the basalts constrain the 
numerical age of these deposits. Terrestrial microfossils from 
these types of beds generally have long ranges and are not useful 
for precise correlation other numerically dated sections. 



METHODS 

Sample Prewaration 
All basalt samples were crushed, ground, and sized using 2 5 0 ,  

180, 150, 125, and- 125 pm mesh sieves. Phenocrysts of various 
sorts were effectively removed from the samples by working with the 
150 to 125 ym s i z e  fractions. This material was washed in an 
Branson model AT 610-6, industrial grade, ultrasonic cleaner for a 
period of one hour to remove dust particles and then rinsed and 
dried. The resultant material was then leached in 10% Hcl in a 
Branson model B220 ultrasonic cleaner until all reactions ceased, 
and finally washed in acetone, alcohol, and deionized water(X3). 
Tephras were stripped of biotite using a Frantz magnetic separator. 
The biotite was then concentrated to greater than 99.9% purity 
using standard mineral separation techniques including, heavy 
liquids, additional magnetic separation, light ultrasonic cleaning 
and paper shaking. Care was taken to exclude all but the densest, 
most magnetic biotite, in an effort to exclude altered biotite. 
Plagioclase was concentrated using the same techniques, in addition 
to heavy duty ultrasonic cleaning. Some quartz was not removed 
using these techniques and was left in the sample, as it contains 
no potassium it acts primarily as a dilutant. 

Approximately 1000 mg of basalt, 1000 rng of plagioclase and 
10-100 mg of biotite of biotite were packaged in tin capsules and 
sealed under vacuum in quartz tubes. Samples were then irradiated 
in the central thimble facility at the TRIGA reactor (GSTR) at the 
U.S. Geological Survey, Denver, Colorado. The monitor mineral was 
FCT-3 sanidine (Kunk et al., 1985; and Cebula et a1. ,1986) which 
has an age of 27.79 Ma compared against Mmhb-1 at 519.4 
Ma (Alexander et a1. ,1978; and Dalrymple et al. , 1981) . The type of 
container, and the geometry of samples and standards is similar to 
that described by Snee et al. (1988). 

S a m ~ l e  Analysis 
A11 samples were analyzed on a VG Isotopes, Ltd, Model 1200 B 

Mass Spectrometer at the U.S. Geological Survey, Reston, using the 
step heating method. Heating for 10 minutes per step followed a 
schedule of 8-15 steps per sample, The number and temperature of 
heating steps was selected t o  limit the percentage of gas released 
to less than 20%/step for most samples. 

Heating of all samples was done in a small volume molybdenum- 
lined "low blankn tantalum furnace. Temperature was monitored by 

bRe thermocouple and controlled by a proportional, 
a w5Re-w, programma le controller. The furnace and the rear manifold were 
pumped between steps with a turbo molecular pump. Two isolated ion 
pumps evacuated the front manifold and the mass spectrometer tube 
between each incremental step. During normal operation, the gas to 
be analyzed was purified in the rear manifold by a Saes ST707 Fe-V 
getter operated at room temperature. Gas was equilibrated with the 
front manifold with an empty cold finger (in the rear manifold) 
chilled with liquid N' to remove condensables (chiefly water), and 
cleaned in the front manifold by a Saes ST101 Al-Zr getter operated 



at 400°C  and a Ti (Hz) getter operated at a constant 350°C. An 
activated charcoal finger submerged in a constant boiling mixture 
of dry ice and acetone was used to remove gasses with a molecular 
weight greater than 60 or 80 (primarily other noble gasses) prior 
to the admission of the argon dominated gas to the mass 
spectrometer by expansion. The Argon-rich gas was further purified 
in the mass spectrometer by a second Saes ST101 active gas getter 
operated at room temperature. Its successful operation could be 
monitored by the drop in counts of mass 44 (dominated by C02) after 
the first gas analysis cycle. Argon isotopes with masses 40 through 
36 and C02, mass 44 were analyzed as a function of time in five 
analysis cycles. 40~r, 39~r, and 3 6 ~ r  peaks and their baselines, were 
measured as a series of four, Eive second integrations in each of 
the five cycles, that were then averaged. 3 8 ~ r  and 3 7 ~ r  peaks, and 
their baselines, were measured for only one, five second 
integration per cycle. After the analysis the mass spectrometer was 
evacuated. If necessary, the fraction of gas remaining in the 
front manifold could be introduced into the mass spectrometer for 
a replicate Msplitll analysis, but with a signal 3.6 x smaller (see 
tables below). All phases of the sample heating, cleanup, 
equilibration and sample analysis were preformed under computer 
control. 

Jsoto~ic Data Reduction 
All the Ar isotopic data were reduced using an updated version 

of the computer program ArAr* (Haugerud and Kunk, 1988) and decay 
constants recommended by ~teiger and Jager (1977). The isotopic 
measurements made in the Eive cycle analysis had baseline values 
subtracted and then were regressed, to time zero, using standard 
linear regressiontechniques. These regressed values and associated 
statistical estimates of analytical uncertainties of the time zero 
peak values were used in the data reduction. No corrections for 
furnace blanks were made because blanks were routinely less than 
0.1% of sample signal at all temperatures, 

Corrections for interfering reactor-produced argon isotopes 
from Ca, K, and C1 in the sample were made using the production 
ratios given in Dalrymple et al. (1981). Errors included in 
calculating ages or  r a t ios  include analytical errors in the 
analysis, decay factor uncertainties, measured atmospheric or 
calculated initial 40~r/36~r ratios. the irradiation ~arameter J. the 
production ratios of the various ' reactor induced -argon producing 
reactions, the initial 38~r/36~r ratio, and the age of the monitor - 

(Haugerud and Kunk, 1988) . L 

The tables and figures below include the identification of 
plateau ages, isochron ages, minimum ages, fusion ages and total 
gas ages. Plateau ages are identified where the ages of two or more 
contiguous steps overlap within experimental error, and whose 
cumulative 39~r, comprises greater than 50% of the total potassium 
derived 3 9 ~ r  (Fleck et al., 1977; Snee et al., 1988). For all 
samples analyzed by the 4 0 ~ r / 3 9 ~ r  age spectrum dating technique, all 
steps were examined for colinearity on isotope correlation diagrams 



to assess if non-atmospheric argon components were trapped in any 
samples and to calculate an isochron age. In several instances, 
points that were deemed to be not collinear were deleted from the 
isotope correlation diagram. Minimum ages are of a single step 
(except the first step in the age spectrum) and represent the 
lowest age measured in a U- or L- shaped spectrum. No analytical 
precision is s tated for minimum ages in Table 1. Fusion ages 
represent the  results of a single analysis in which all of the 
argon was released by melting in a single step. Total gas ages 
represent the age calculated from the  addition of all of the 
measured argon peaks for all steps in a single saraple. The total 
gas and fusion ages are equivalent to conventional K/Ar ages. No 
analytical precision is calculated for total gas ages. 



SAMPLE DESCRIPTIONS 

The locations and descriptions of samples analyzed in this 
project are given below. This information is organized by site 
numbers and one or more sample descriptions can be found after 
information on the location, map unit, and a site description. 
Stratigraphic relationships between sites are not known, except as 
noted. Petrographic observations were made on a single thin section 
for each basalt sample and focus on t h e  degree to which the basalt 
is altered. Observations on tephras were made from loose grains, 
using both petrographic and binocular microscopes. In the 
descriptions that follow, minerals are listed in decreasing order 
of abundance in the matrix followed those present as phenocrysts. 

S i t e :  90-1 

Location: 67°1915111N, 141°19148nW 

Map Unit: Coleen B-I, T29N,R29E sections 19 and 20 

Outcrop This outcrop on the south side of the river consists 
description: of two basalt flows overlaying a thick conglomeratic 

sandstone. Both basalts are six to ten meters in 
thickness. The lower flow is somewhat more variable 
in its thickness and pinches out entirely for 
brief intervals due to relief on the upper surface 
of the sandstone, The lower basalt flow is massive 
and only slightly altered. In some portions of the 
outcrop this basalt appears to be composed of three 
subunits defined by the presence of vesicles at 
their upper surfaces. The upper flow has horizontal 
cleavage parallel to the base of the flow with a 
vertical spacing of ten to thirty cm and is much 
more pervasively a l tered  than the lower flow. 
Lenses of peat can be found at the base of the lower 
flow and in depressions in the upper surface of the 
lower flow. In one of these lenses between the two 
flows the charrad remains of an upright tree stump 
were noted. 

C 

K-90-8-17A Lower basalt flow at this site. Sub-site 90-1A. 

Description: Gray, slightly vesicular, massive basalt. Slightly 
altered with some minor iron staining in hand 
sample. Most vesicles empty with no zeolite or 
other alteration products lining interior. 

The fairly coarse grained groundmass of this 
basalt is composed of clinopyroxene, plagioclase and 
opaques. About 40-50% of the basa l t  was initially 



glass. Phenocrysts include fresh plagioclase, 
olivine with slight alteration to iddingsite and 
clinopyroxene. One partially zeolite filled vesicle 
was noted in thin section, however the rest were 
empty and not lined with any alteration products. 
Minor iron staining was noted. 

K-90-8-17B Upper basalt flow at this site, about two meters 
above its base where it is somewhat more massive. 
Near sub-site 90-1E. 

Description: Gray basalt that appears pervasively altered in the 
hand sample and is non vesicular. 

In thin section the matrix is very fine grained 
and composed primarily of clinopyroxene with lesser 
amounts of plagioclase and opaques. About 40-50% of 
this basalt is groundmass. Phenocrysts include 
abundant, fairly fresh, olivine, with only minor 
alteration to iddingsite, and rare clinopyroxene. 

K-90-8-17C Base of the upper basalt flow at sub-site 90-1C. 

Description: Medium gray basalt, somewhat altered in hand sample, 
with some filled vesicles and fractures, and 
conspicuous iron staining. 

In thin section the matrix is composed of 
clinopyroxene, plagioclase and opaques. About 60-70% 
of the rock is groundmass. Phenocrysts include 
olivine, slightly altered to iddingsite and 
plagioclase. All fractures and most vesicles are 
filled with alteration products, primarily zeolites 
and iron oxides. 

K-90-8-18A3 Top sub-unit of lower basalt flow, near subsite 90- 
1E. 

~escription: Medium gray, non vesicular basalt in hand sample 
that is the least altered material available in 
place. 

In thin section the matrix of this sample is 
composed of clinopyroxene, plagioclase, and opTques. 
The basalt is as much as 60-70% graundmass. This 
matrix contains phenocrysts of olivine that have 
been slightly altered to iddingsite and rare 
clinopyroxene, Some iron staining noted. 



Site: 90-2 

Location: 67°18t45wN, 141°29/48"W 

Map unit: Coleen B-1 T29N, R28E, section 28 

Outcrop This site is located on the south side of the river 
description: immediately to the west of the confluence of the 

Campbell River with the Porcupine River and is 
located about 7.3 Km down stream from site 90-1. The 
outcrop consists of three basalt flows deposited one 
atop the other. A peat lens was found beneath the 
lowermost flow. The lowest basalt flow is about ten 
meters thick and is very similar in appearance to 
the lower flow at site 90-1. It is gray in color, 
fairly massive, ha's a low number of vesicles and is 
only slightly altered. The middle basalt flow is 
about s i x  meters in thickness and is very similar 
in appearance to the upper flow at site 90-1 
although it is slightly thinner. It is gray in 
color, has a platy cleavage with a spacing of ten to 
thirty cm and is quite altered. The upper flow at 
this outcrop is about ten meters thick and has no 
analogue at site 90-1. It is gray in color and 
fairly massive with little in the way of visible 
alteration and few vesicles. 

K-90-8-19A Lowest basalt flow at this outcrop. Probably part 
of a large slump block that includes peat lens. 

Description: Medium gray, non vesicular basalt in hand sample 
that appears fairly fresh. 

In thin section the matrix of this basalt is 
composed of clinopyroxene, plagioclase, and opaques. 
About 30-40% or the rock is groundmass. Phenocrysts 
include fresh olivine and plagioclase. This was one 
of the freshest samples dated in this study. 

K-90-8-19B Middle basalt flow at this outcrop. 

Description: In hand sample this medium gray, somewhat~ves~cular 
basalt appears .quite altered, with many of its 
vesicles filled. 

In thin section this sample has a very fine 
grained matrix composed of clinopyroxene, glass, 
plagioclase and opaques. The matrix accounts for as 
much as 90% of the rock, 10-20% of which is 
fresh glass. Small olivine phenocrysts are partially 
altered to iddingsite, and most cavities are filled 
with iron stained zeolites. 



K-90-8-19C Upper basalt flow at this outcrop. 

Description: In hand sample this basalt appears fairly fresh and 
non vesicular. 

In thin section the matrix is composed of 
plagioclase, clinopyroxene and opaques. The matrix 
makes up about 30-50% of the rock. Phenocrysts 
include olivine slightly altered to iddingsite, 
fresh laths of plagioclase and clinopyroxene. Some 
minor iron staining was noted. 

B i t e :  90-5 

Location: 67°1611511N, 141°38'48" 

Map unit: Coleen B-2 T28N, R28E, section 7 

Outcrop This outcrop is located on the west (north) side of 
description: the Porcupine river about 0.6 downstream of its 

confluence with the Rapid River. The outcrop 
consists of a sequence of four basalt flows. The 
lowermost flow in this stack was deposited on a 
surface of steeply dipping Paleozoic sediments. A 
one meter thick paleosoil separates the uppermost 
two basalt Elows. All four of the basalt flows are 
somewhat massive and variably altered. The 
stratigraphic relationship of these basalt flows 
relative to those at the other sample sites is not 
obvious on the basis of field observations. 

K-90-8-22A Top basalt flaw at this outcrop, Not dated due to 
pervasive alteration. 

Description: In hand sample this medium gray basalt appears to be 
fairly unaltered and to contain black phenocrysts of 
an indeterminate mineral. 

In thin section the medium grain size matrix of 
this basalt is composed of clinopyroxene, 
plagioclase and opaques. The groundmass makes up 
about 60-70% of the rock. Phenocrysts include 
clinopyroxene, olivine, some zoned, strongly altered 
to iddingsite and altered, zoned plagioclase laths. 
This is one of the most altered basalts sampled in 
this study and was not suitable for age dating. 

K-90-8-22B Second from the top basalt flow at this outcrop. 

Description: In hand sample this medium gray basalt is somewhat 
vesicular and altered. 

In thin section the fine grained matrix is 
composed of clinopyroxene, plagioclase and opaques. 



The groundmass is as much as 80% of the rock This 
matrix contains small olivine phenocrysts that have 
been fairly strongly altered to iddingsite and 
small, fresh, plagioclase laths. Fractures in the 
rock are filled with alteration products. 

K-90-8-22C Third from the top basalt flow at this outcrop. 

Description: In hand sample this medium gray, vesicular basalt 
appearsto be somewhat less alteredthan K-90-8-228. 

In thin section the matrix is composed of fine 
grainedclinopyroxeneandorthopyroxene, plagioclase 
and opaques. About 90% of the rock is groundmass. 
Phenocrysts include very large poikiolitic 
plagioclase with inclusions of clinopyroxene and 
orthopyroxene similar to that found in the matrix, 
and olivine that is altering to iddingsite. Vesicles 
and fractures are filled with zeolites. This basalt 
is the only on collected in our study area that 
contained orthopyroxene or large poikiolitic 
plagioclase. 

K-90-8-22D Lowest basalt flow in the section at this outcrop. 

Description: In hand sample this medium gray basalt appears to 
be fairly fresh and non vesicular. 

In thin section the fine grained matrix is 
composed of clinopyroxene, plagioclase, and opaques. 
About 80-90% of the rock is groundmass. Phenocrysts 
include clinopyroxene, olivine, strongly altered to 
iddingsite, and altered plagioclase. This sample was 
not analyzed because it is too altered. 

K-90-8-22F Highest basalt flow on opposite side of the river. 
Not dated due to the degree of alteration, 

Description: In hand sample this medium gray, vesicular basalt 
quite altered, 

In thin section the fine grained matrix is 
composed of clinopyroxene, plagioclase and opaques. 
About 80-90% of the rock is groundmass. Phenocrysts 
include olivine, moderately altered to iddin site, H and clinopyroxene. Fractures and vesicles are illed 
with alteration products, primarily zeolites and 
iron oxides. 

Site 90-6 

Location: 67O14'42"N, 14l031'3OW 

Map unit Coleen A-2 T28N, R28E, section 19 



Outcrop This outcrop is located on the west side of 
description: the Porcupine River, about 2.7 km down stream of 

Half-Way Pillar and directly across  the river from 
site 90-6b. The outcrop consists of a series of at 
least five basalt flows, only the lowermost of which 
is accessible without climbing gear. Only this lower 
flow was sampled. It is a dark grey to black in the 
basal ten feet  and is somewhat more weathered and 
lighter grey in color in its upper portions. The 
lower portion of this basalt is the freshest, least 
altered and least vesicular of any af the basalts 
seen at any of the outcrops visited on this trip. 
the upper portions of this flow are somewhat altered 
and contains numerous filled vesicles. 

K-90-8-19D Lowermost portion of lowermost basalt flow at this 
outcrop. 

Description: The hand sample of this non-vesicular basalt is 
very dark gray in color and appears to be the 
freshest material collected. 

In thin section the matrix is composed of very 
fine grained clinopyroxene, plagioclase, and opaques 
with minor traces of iron oxides as alteration 
products. About 80-90% of the rock is groundmass. 
Phenocrysts include fresh olivine and fresh 
plagioclase laths. 

K-90-8-19Dl Upper portion of the lowest basalt flow at this 
outcrop. 

Description: In hand sample this light gray, vesicular basalt is 
visibly, quite altered with filled vesicles. 

In thin section the matrix is composed of 
clinopftroxene, plagioclase andopaques. About40-60% 
of the rock is groundmass. Olivine phenocrysts, 
contained in this matrix is strongly altered with 
some grains being completely replaced with 
iddingsite. Small plagioclase phenocrysts are also 
somewhat altered. Most vesicles are filled with 
zeolites. 

Site: 90-7 L 

Location: 670af48"N, 142°8'24abW 

Map unit: Coleen A-3 T27N, R25E, section 24 

outcrop This outcrop consists of a sequence of poorly 
description: consolidated lake sediments, mostly claystones and 

siltstones with minor intercalated sandstones. The 
sediments contain variable amounts of organic 



matter. A tephra was located at about 19.9 meters 
above the base of the outcrop enclosed in an organic 
rich siltstone. Although, it is quite variable in 
thickness ranging from a minimum of 0.2 rnm to a 
maximum of 5 cm, the tephra is continuous at this 
outcrop. This variation in thickness is most 
probably due to slight reworking of the tephra very 
shortly after its deposition. Although, the 
reworking was no t  great enough to completely mix the 
tephra into the underlaying sediments, it is 
variably contaminated with the organic rich 
claystone in which it is enclosed. The tephra is 
medium gray in color and weathers to bright white. 
Biotite is visible in this tephra with the aid of a 
hand lens. A second possible tephra was noted about 
22 meters above the base of the outcrop. It was 
present in only one small portion of the outcrop. It 
is quite possible that this represents reworked 
material from the lower tephra. 

K-90-8-21A The bulk of this sample is composed of pumiceous 
glass with variable degrees of devitification with 
an admixture of aggregates of silt size material 
from the enclosing sediments. Primary igneous 
phenocrysts includeplagioclase, quartz, biotite and 
zircon. The plagioclase is only slightly altered 
with most grains being pristine. Biotite has a wide 
range of specific gravity and is clearly variably 
altered. None of the phenocrysts showed signs of 
significant transport, and no igneous grains could 

be identified that were obvious contaminates. 

K-90-8-21B Sample is composed mostly of sediments but does 
contain highly altered biotite and plagioclase (some 
fairly fresh) as well as quartz. These observations 
are consistent with this material representing 
reworked material from the lower tephra. The sample 
was not suitable for dating. 

Site: 90.8 

Location: 67°10'10wN, 142°10'0011W 

Map Unit: Coleen A 3 ,  T27Nt R25Et section 14 

Outcrop This outcrop consists of a sequence of poorly 
description: consolidated lake sediments which includes 

claystones, mudstones and minor sandstones, a11 with 
variable organic content. Atephra was located about 
20.2 meters above the base of the outcrop. It is 
medium gray in color, when wet, weathers to a bright 



white, and contains visible b i o t i t e  flakes. The 
tephra is locally discontinuous in the outcrop with 
a maximum th ickness  of about 2 . 5  cm, due to slight 
local reworking very s h o r t l y  after deposition. This 
reworking also resulted in the addition of some of 
the host sediments as an admixture to the tephra. 

This sample is virtually identical to sample K-90- 
8-21A except the biotite and plagioclase are 
more altered. The alteration precluded the 
preparation of an adequate plagioclase mineral 
separate from this sample. 



RESULTS 
4 0 ~ r / 3 9 ~ r  Data 

The 4 0 ~ r / 3 9 ~ r  data presented in this report are presented in two 
different Eormats. Data within both formats are arranged in the 
same order as the section on sample descriptions. 

The first of these formats is a condensed tabular form (Table 
1). The data presented in this table are organized by site number. 
These tables summarize the data contained in the succeeding, more 
detailed individual data sets. Included in this table are: the 
sample numbers; the material analyzed, the apparent age and its 
error (see below for a detailed explanation) ; the percent 1 9 ~ r  of 
the total that this apparent age represents; the number of steps / 
total number of steps that this a arent age represents; the MSWD, 
for isochron ages; the initial Pgr/'6Ar used in calculating the 
apparent age (or atmos if 295.5 was used and; a comment listing the 
type of apparent age. 

The individual data sets include a series of four tables, as 
well as three graphical representations of some of the age spectrum 
data. Total fusion analyses have no figures. 

The first table, RAW DATA, includes the computer file number 
of the individual argon analysis, the temperature of the step, 
regressed peak values and their precision, the trap current 
(filament amperage, in microamps) and the manifold splitting option 
used. The relationship between the trap currents and manifold 
options can be found in the footnotes of the third table. No 
corrections have been made to the peak values, these are raw .' 
numbers. 

The second table, CORRECTIONS, contains calculated corrections 
for decay of radioactive isotopes of argon, as well as the 
production of interfering isotopes during irradiation, and a 
calculated initial 3 8 ~ r  value. All of these values have been 
corrected only for the affects of mass discrimination as discerned 
by measuring atmospheric argon. The measured atmospheric argon 
value used is listed in the footnote of table three. All tabular 
data in this table, as well as the two subsequent tables, is 
indexed by the temperature of the step analyzed. 

The third table includes the percent 3 9 ~ r  of the age spectrum 
total that each step contains, the radiogenic yield (percentage of 
4 0 ~ r  that is derived from the decay of potassium), calculated 
apparent K / C a  and K/C1 ratios for each step, a corrected 40Ar/39~r 
ratio (labeled F) from which the age can be directly calculated, a 
calculated age for the step, in millions of years and a series of 
three estimates of the precision of each age. The intra-sample 
precision includes estimates of the errors that are unique to a 
single sample and can be used only for comparisons with other steps 
of the same sample. The intra-package precision includes an 
estimate of the precision of the irradiation parameter J and can be 
used to compare total fusion analyses that used the same monitor 
mineral. This estimate of precisian should not be used to compare 



steps either within a single age spectrum or between different age 
spectra. The inter-package precision includes an estimate of the 
precisian of the age of the monitor mineral and should not be used 
for comparisons of any data contained in this report. Also 
included, as a footnote, is an estimate of the limit of 
reproducibility of the mass spectrometer when the sample was 
analyzed. If an intra-sample error is less than this value times 
the age of the step, this value should be used when comparing with 
other steps from the same age spectrum. 

The fourth data table lists molar quantities of the indicated 
argon isotope derived from the sources indicated. The age and the 
estimate of intra-sample precision are repeated. The J-value and 
its precision estimate, and sample weight are listed near the top 
of this table. If an age plateau, as defined above, was found, it 
is listed at the bottom of this table along with an estimate of its 
intra-package precision, the percent 3 9 ~ r  contained in the plateau 
and the temperatures of the first and last steps on the plateau. 
All precision estimates, in all tables, are at the one sigma level 
of confidence. 

The first figure with each age spectrum data set includes two 
graphs. The lower and larger graph plots cumulative percent 39Ar of 
the steps in the age spectrum against apparent age in millions of 
years. The precision estimate used to construct the error boxes of 
each step is two sigma. The upper, smaller raph plots the apparent 
K/Ca ratio of each step against cumulative 'Ar released. Many times 
the degree of sample purity or the presence of compositional zoning 
can be inferred from this figure. Homogeneous samples with no 
compositional zoning or impurities are reflected by horizontal 
patterns in this figure, the patterns of those with zoning or 
impurities typically depart from horizontal. 

The third figure included is an inverse isotope correlation 
diagram. In this figure the corrected 39~r/40~r ratio of each 
temperature step of an age spectrum is plotted against its 
corrected 36~r/40~r ratio. The intercept of the line generated by 
these points with the X-axis of the graph is the inverse of the 
40Ar/39~r ratio of those points included on the line, an age can be 
directly calculated from this value. The Y-axis intercept is the 
inverse of the initial 40Ar/36~r ratio of the sample. This value can 
be used to indicate the presence of excess argon. Values for these 
intercepts and their inverse ratios as well as their errors can be 
found either above or below this figure. Also included are an age 
calculated from the inverse of the X-axis, an MSWD, for the points 
included in the calculations, a list of points that were not used 
in the regression and the pezcent 3 9 ~ r  included in the line. 

For additional information on the sample data sets see 
Haugerud and Kunk(1988). 



TABLE 
River 
being 
total 

1. Summary of argon isotopic r e s u l t s  from t h e  Porcupine 
traverse, Sample column includes field number, the material 
dated and, for basalts, its position from the  base and the 
number i n  the  s t a c k .  See t e x t  for additional details. 

No 
Sample Age, %"~r Steps MSWD s, f Comment 

f (Ha) total Ar 

SITE W-1 
K-90-8- l7A Basalt 2/2 

K-90-8-17B Basalt l/2 

K-90-8-17C Basalt 1/2 

K-90-8-18.43 Basalt 2/2 

SITE W-2 
K-90-8-19A Basalt 1/3 

K-90-8-198 Basalt 2/3 

K-90-8-19C Basalt 3/3 

SITE 90-5 
K-PO-8-22B Basalt 3/4 

K-90-8-22C Basalt 2/6 

SITE 90-6 
K-90-8- 190 Basalt 1/5 

K-90-8-1901 Basalt 1/5 

SITE 90-8 
K-90-8-20A B i o t i t e  

atmos 
308,l 
atms 
a tms  
308,l 
atms 

316,2 
atms 
atmos 
324,3 
a ttws 

a tms  
314,4 
atms 
atmos 
313,l 
atmos 
etms 
333,14 
atmos 

atmos 
315,3 
atmos 
BtmOS 
295,l 
atms 

atms 
322,7 
atmos 
a tms  
322,3 
atrmos 

O t m O g  

at- 
301,2 
atnus 

at= 

Plateau age 
lsochron age 
Total gas age 
M i n i m  age 
Isochron age 
Total gas age 
M in im age 
Isochron age 
Total gas age 
Minimm age 
lsochron age 
Total gas age 

Plateau age 
Isochron age 
Total gas age 
M i n i m  age 
1 sochron age 
Total gas age 
Plateau age 
Isochrm age 
t o t a l  gas age 

Minimm age 
Isochron age 
Total gas age 
M i n i m  age 
lsochron age 
Total gas age 

PLateau age 
Isochron age 
Total gas ege 
Rinimrn Age 
tsoehron age 
Total gas ebe 

Fusion age 
Plateau age 
lsochron age 
Total gas age 

Fusion age 



-R- 

John Herberts 

Figure 1. Map showing portions of the Porcupine River and some of its tributaries. Outcrop 
locations are designated with numbered filled boxes. Box number 1 is site 90-1 etc. No 
samples were collected at sites 90-3, 90-4 and 90-63. 



hccrrta lnt les  Ln tube  clan^ Ere ~zciuaed I n  u n c e r t a l n t l e s  Ln r a w  counts. 
-1 04/05/92 :7:05:54 13 Apr 1992 

K-90-8-17h WR BASALT #1-3FLD76 
= P = = = = t = = I = = = = = = = 3 1 P ~ = = = = = = = = ~ = = = = = = = = = = = ~ Q = ~ ~ = ~ = = = = = ~ m ~ = = = = = ~ = = = = = = = = =  

Z = 0.001824 5 0.50% SAMPLE WT = 0.9991 g 

I n i t i a l  & Potasa~urn C h l o r l n e  Calcium 
TEMP radioqen~c derlved derived derived Initial AGE * 

C 4OAr 39Ac 3 8 A r  37Ar 5 6 A r  in Ha 

750 
850 
9 50 
1050 
1150 
1250 
i450 
1650 
TOTAL 

GAS 

5 6 . 5 %  of gas on p l a t e a u ,  sreps i C 5 O  t k r o u g n  1250 PLATEAU AGE = 15.07+ .08 

Note: a l l  gas quantities are  i n  moies. :lo blank correctron. 
Ages calculated asaumlnq initial 40Ar/36Ar = 2 9 5 . 5  = 0 

* *  1-sigma precrsion estrmates are for intra-sample r e p r o d u c i b i l i t y .  
* *  1-sigma precision estimates for piateaux are for i n t r a - i r r a d i a t i o n  package 

r e p r o d u c i b i l i t y .  
* * *  below detection limit 



.: 0 4 / 0 5 / 9 2  K-90-8-17~ 'JR BASALT $1-33~76 17:05:48 13 Apr 1992 

precls ran 
TEMP ? TOT FAD APP .APP - AGE i n t r a -  Lntra- ~ n t e r -  

C 29Ar YIELD X / C a  ?./CL (mi) sample package package 

A 750 2.1 18.5 
9 850 3.0 98.1 
C 950 24.9 95.2 
D 1050 22.1 95.7 
E l 1 5 0  14.0 94.6 
F 1250 20.4 95.7 
G 1450 5.8 B7.0 
H 1650 2.7 7 8 . 4  
Tota l  gas K/Ca = 

?reclszons are 1 s~gma,  aeasurea ~n "a. !teasurea 40136 atm = 2 9 7 . 2  2 . 5  
J = (3.COlE24 z 0.50% c~atra-pac~aae~ I 2 . 5 , 2 %  r ~nter-7ackaae) 
Trap current factors- 40: 5 . 5 6  130: 1.52 L30: 1 
~anrfold factors- ALL: 1 SPLIT 1: 4 . ;  SPLIT 2 :  17.64 SlLIT 3:  74.09 

EALL: 2.26 ESPLZT 1: 9 . 4 9  ESPLIT 2 :  39.87 
SensltlvLty = 1.3443-17 3 Reproaucr~~li"? = .;5 3etectlon limit = 40 c o u n t s  

. Data reduced asaumrnq lnitlal 40/36 = 295.50 i: 0. 00 
Ca-factors: 2637=2.6E-04f1.72-06 32.37=3.iE-05'2.4E-07 3937=6.7E-04f3.7E-06 
K-factors: 3739=0.03+00~2.~~-03 3a39=1.3E-G2k2.43-04 4039~5.7E-03f4.QE-03 



.,- 9 4 / 0 5 / 9 2  'L-90-6-i?X biR BASALT $1-3=76 17:05:46 13 >.pr 1992 

X L E  TEXP 40Ar 39Ar 2 8 A r  3 7Ar 3 6Ar TRAP . W I F O L D  
r e q r e s s i c n  CLJRRENT OPTION 

ALL 

ALL 

ALL 

ALL 

XLL 

ALL 

ALL 

ALL 

TEMP 39Ar 37Ar -----Y-der~ved---- ---- Ca-derived---- C1-der Initial 
C Decay Decay 4 0 A r  3 8 A t  :7Ar ?9Ar j8Ar 56Ar 3 6 A t  3 8 ~ r  

A l l  values In counts, corrected for mass d i sc r r r r .~na t lon  



-/ 04/05/32 1 7 : 2 4 : 0 3  10 Apr 1992 :<-90-E-i7A WR BASALT #1-3m76 

10 - 
k. - 
m 

1 - - 

- 
- 

* 1 - - - - - - 
. 9 1  

30 

20 

- 
- q 

K-90-8- 17A 
S I T E  90-1 

- UPPER FLOW 
PLATEAU AGE 15.1 i 0 . 1  Ma 

- 

10 

0 

. 
- 

I I 1 I 
0 "rr, RELEASED [ % I  1 OC 



v 04/05/92, SAMPLE K-90-8-17A WR BASALT #l-3KD76 17:06:25 10 Apr 1992 

8 point6 regressed out o f  8 
Mean X = .118E+00 Mean Y = .145E-02 Slope = -.153E-01 + .843E-04 
36/40 = .325E-02 + .121E-04 39/40 = .212E+00 + .691E-03 
Fit parameters: SUMS = 195.808 MSWD = 32.635 
40Ar/36Ar = 308 + 1.15 F = 4.71 + .015 AGE = 15.43 + .09 Ma 



7 n C e r t a l n t l e s  In tune ~ L a n x  are ~zcLuaea l a  uncertalntzes rn raw counts.  
*: 04 /05  / 9 2  2 :  13  Apr 1992 

K-90-8-i7B WR BASALT +4-6m76 --- - - - ~ = = = ~ ~ ~ P = = = ~ = I I = = = = = ~ ~ ~ P = = = = = = = = ~ I = Z = ~ = = # = = ~ = = = = = ~ = = S = ~ ~ = = = = ~ - ~ ~ ~ ~ ~ ~ ~ ~ = * Q = = = ~ R ~ ~  
J = 0.001851 2 0.50% SAMPLE WT = 1.0029 q 

I n i t r a l  & Potassrum Chlar~ne Calcrum 
TEMP r a d i o g e n ~ c  derrvea derrved dertved I n i t i a l  AGE * f W  

C 40- 39Ar 3 8 A r  37Ar 3 6Ar rn Ma 

7 5 0  7.0333-12 
875 6.3203-12 
950  3.987E-12 
1050 6.836E-12 
1170 4.5413-12 
1250 4.115E-12 
1450 2.877E-12 
TOTAL 4.071E-ll 
GAS 

NO PLATEAU 

Note: all gas quantities are I n  moiss. 110 blank c=rroctzan. 
Ages calculated aasurnlng initial SOArJ36Ar = 295.5 2 0 

* *  1-sigma precrs ion  estimates are for rnrra-sample reprodueiaility. 
**  1-sigma prec i s ion  estirnatee f o r  ~Lateaux  are for intra-zrradiatron package 

reproducib i l i ty .  
*** below detect ion l i m i t  



prec~sion 
TEMP 4 TOT ?AD APP APP .. AGE i n t r a -  ~ n t r a -  i n t e r -  

C 29Ar YIELD K/Ca :</C.l (Ha) sample sackage package 

h 750 5.0 2 5 . 7  
a 875 15 .9  3 3 . 8  
C 950 26.7 94.9 
Dl050 19.9 91.1 
E 1170 12.7 87.1 
71250 12.4 93.8 
G 1450 7 . 3  86.6 
T o t a l  gae K/Ca = 

Precrszons are 1 slqma, measured Ln Ma. xeaaured 40136 arm = 297 .2  2 . 5  
J = 0.001851 2 0.50% (lntra-packaae) 2 0.50% (inter-package) 
Trap current factors- 40: 5.66 100: 2.62 200: 1 
Han~fold factors- ALL: 1 SPLIT 1: 4.2 SPLIT 2: 17.64 s ? L I T  2 :  74.09 

FALL: 2 . 2 6  ESPLIT 1: 9.49 ESPLIT 2 :  39.87 - - Sens l t zv l cg  = 1.344E-17 \ Reproauc~311Fzy = . 2erect:zn X - s l t  = 4 0  counts 
3ata reducea assumlnq ~ n l t z a l  i 0 / 3 6  = 295.53  5 2.00 
Ca-factors: 3637=2.6E-04+1.;2-06 3837=3.22-05'2.4E-07 2937=6.7&-04+3.:E-06 
K-factors: 3739=0.OE+OOr2.2E-03 3839=1.22-02'2.4E-04 4039=5.72-0324.0E-03 



FILE TEMP 4 0Ar 3 9Ar 38Ar 37Ar 3 6Ar TRAP .LIANIFOLD 
regresalon CDRRENT OPTION 

200 ALL 

200 ALL 

200 ALL 

TEMP 39Ar 3 7 A r  -----?.-derrvea---- ---- Ca-derrved---- C1-der Initial 
C Decay Decay 4 O A r  28Ar 3 7 A r  39Ar 38Ar 36Ar 36Ar 38Ar 

- -  

All v a i u e s  13 c c u n t s ,  czrrecred for mass a l s c r ~ r n ~ n a t ~ o n  



K-90-8- 170 
SITE 90-1 
LOWEST FLOW 

10 - 

0 1 I I I I 
0 j9;7r, RELEASED I%) 100 



- .  

v 02/05/91, SAMPLE K-90-8-17B #4,5,6 RD76 WR BASALT 14:14:35 30 Aug 

7 points regressed out of 7 
Mean X = .692E-01 Mean Y = .226E-02 Slope = -.143E-01 -k .967E-04 
36/40 = ,3253-02 + .820E-05 39/40 = .227E+00 + a112E-02 
Fit parameters: SUMS = 32.931 MSWD - 6.586 
40Ar136Ar = 308.04 + .78 F = 4.399 + .022 AGE = 14.63 + .1 Ma 



3 n c e r t a l n t r e s  Ln tube b l a n ~  are ~? .c iudea  in u n c e r t a l n t r e a  in r a w  Counts.  
.: 04/05/92 17 :  3 1 :  15  13 Apr 1992  

R-90-8-17C 'dl4 BASALT #7-gRD76 
................................................................................ 

J = 0-001868 + 0.50% SAMPLE WT = 0.9984 g 
- - I - - - - - - - - - - - - - - I - - - - - - - - - - - L - - - - - - - - - - * - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

I n i t i a l  & Pot aesrum Chlor~ne Calcium 
TEMP radiogenic derived d e r ~ v e d  derived Initial AGE * n 

C 4 0 A r  3 9 A r  3 8Ar 3 7 A r  3 6 A r  i n  Ma 

GAS 

NO PLATEAU 

- Note: all gas quantities are i n  moles. :ro blank correc tron .  
Ages c a l c u l a t e d  aeeumlng i n i t i a l  40Ar/36Ar = 295.5 + 0 

* *  1-sigma p r e c i s i a n  estimarea are fc r  intra-sample r e p r o d u c z b i l i t y .  
* *  1-sigma precisian esclmatea f o r  plateaux are for intra-irradiation package 

reproducrbility. 
***  bclaw d e t e c t i o n  l i m i t  



.: 0 4 / 0 5 / 9 2  K - 9 0 - 8 - 1 7 ~  'WR BASALT #7-?RD76 1 7 : 3 0 : 4 6  L O  Apr 1992 

pree~sion 
TEMP 3 TOT RAD APP APP 7. AGE i n t r a -  Fntra-  i n t e r -  

c j9Ar YIELD K/Ca K / C l  (Ma)  sample package package 

A 7 5 0  4.7 25.1 
B 885 25 .5  93.8 
C 950 29.4 95.2 
D 1050 16.3 94.9 
E 1180 1 3 . 7  90.7 
F 1270 7.4 88.9 
G I 4 5 0  3.0 56.0 
Total gaB K/Ca = 

P r e c ~ s ~ o n e  are 1 srqma, neaaurea Ln sa. geasurea 40/36 atm = 297.2 2.5 
; = 0.001868 * 9.50% l~ntra-pac~age) = 0 . 5 0 %  (~nter-package) 
:rap current factors- 40:  5.66 1213: ;.52 TOO: 1 
Hanlicld factors-  ALL: i S P L I T  1: 4 . 2  SPLIT 2 :  17.64 S P L I T  3: 74.09 

EALL: 2 . 2 6  ESPLIT 1; 3 - 4 9  ESPLIT 2 :  39.87 
S e n s l t i - z i t y  = 1.344E-17 9 Reproauci~~litg = . 2 5  Detec t ion  limit = 40 caunrs  
Data reduced assuming lnltial 40/36 = 295.50 ? 0.00 

- Ca-factors: 3637=2.6E-04f1.7~-06 3a37=3.2~-0542.4E-07 3937=6.7E-04f3.7E-06 
K-factors: 3739=0.0E+O0+2.2Z-03 3839~1.32-0222.43-04 4039~5.7E-0354.0E-03 



-: 0 4 / 0 5 / 9 2  K-90-8-17C iiR BASALT f7-OPJ376 L7:30:45 10 A p r  1992 

R A W  D A T A  

FILE TEMP JOAr 39Ar 3 8 A r  3 7 A r  3 6 A r  TRAP 
regremoron CTVRX3NT 

. M I F O L D  
OPTION 

ALL 

ALL 

ALL 

ALL 

ALL 

ALL 

ALL 

-- 

C O R R E C T I O N S  

TEMP 3 9 A r  37Ar ----- K-der rvea---- ---- Ca-derived---- C1-der Initial 
OC Decay Decay 40Ar 38Ar 37Ar 39Ar 38Ar  f6Ar 36Ar 3 8 A r  

All values  Ln councs ,  correctea for maas dlscrz~~narzon 



,J 0 4 / 0 5 / 9 2  17:45:59 13 Apr 1992 K-90-8-i7C WR BASALT #7-9RD76 

K-90-8- 17C 
S I T E  90-1 
UPPER FLOW 



0 4 / 0 5 / 9 2  17:48:22 13 Apr 1992 K-90-8-17C 'JR BASALT Y 7 - 4 m 7 6  

7 p o i n t s  regressed out of 7 

Mean X = .140E+00 Mean Y = .i21E-02 Slope = -.143E-01 + .;18E-03 
36/40 = .321E-02 + .190E-04 39/40 = . 2253+00  + .960E-03 
F i t  parameters: SUMS = 84.289 MSwD = 16.858 
40Ar/36Ar = 311.67 + 1.85 F = 4.454 + .u19 AGE = 14.95 + .: Ma 



'Jncertaln~~es I n  tUDe ~ l a n ~  are included in uncerta lnt ieB in raw counts .  
-7 04/05/92 17:54 :56  13 AUK 1992 

K-90-8-18A3 WR BASALT #lo-12m76 
============t-----=====-------3T============s=a====~~aa=~~~X====~&===~~==~====== 

2 = 0.001846 + 0.50% SAMPLE WT = 1.0030 q 

Initial & Potase~um Chlorrne Calcium 
TEMP radiogenze derived derlved derived 1 nitial AGE 

C 4 0 A r  3 9 A r  3 8Ar 3 7 A r  3 6 A r  in Ma 

a75 j.672E-12 3.0253-13 3.281E-15 2.1553-13 7.220E-15 16.85 k .18 
935 5.334E-12 1.009E-12 *** 3.7843-13 2.021E-15 15.57 2 .03 
1050 1.178E-11 2.4243-12 5.462E-16 1.162E-12 2.3553-15 15.16 + .03 
1180 5.777E-12 1.3883-12 * * w  1.326E-12 1.893E-15 14.85 k .06 
1270 4,801E-12 9.683E-13 ***  3.810E-12 1.4203-15 15.01 L .02 
1450 2.3943-12 3.106E-13 1.049E-i5 5.9093-12 2.087E-15 16.83 t .04 
TOTAL 3.455E-11 6.4033-12 4.876E-15 1.280E-11 1.700E-14 15.30 

GAS 

:I0 PLATEAU 

Note: all gaa quantities are i n  moles. Yo blank correction. 
' * Ages calculated assuming initial 40Ar/36Ar = 295.5 + 0 

* *  1-sigma precision estimates are for intra-sample reproducibility. 
* *  1-sigma precision eatrmates fcr piateaux are for intra-irradiation package 

reproducibility. 
* * *  below detection l i m i t  



-1 0 4 / 0 5 / 9 2  K-90-8-18A3 WR BASALT $10-12RD76 17:54:25 10 Apr 1992 

precision 
TEMP 4 TOT rn APP APP F AGE intra- intra- i n t e r -  

C 39Ar YIELD K/Ca XIC1 (Ma)  s a m p l e  package package 

h 875 4.7 41.9 .73 223 5.084 16.85f .18 .20 . 22  
B 935 15.8 88.8 1.39 0 4.696 1 5 . 5 7 5  -03 .08 .12 
C 1 0 5 0  37.9 94.1 1.08 10741 4.570 15.16 k .03 .08 -11 
D 1180 21.7 91.7 . 5 4  0 1.479 14.85 f .06 .lo .12 
E 1270 15.1 91.3 -13 0 4.525 15.01f .02 .08 -11 
F 1450 4.9 71.9 .03 717 5.079 16.83 f .04 .lo .13 
Tota l  gaa K/Ca = . 8  

Precssions are 1 sigma, measured in Ma. Heasured 40136 atm = 297.2 2.5 

J = 0.001846 5 0.50% (intra-package) ' 0.50% (inter-package) 
Trap current factors- 40: 5.66 :00: 2 - 6 2  200: 1 
Manifold factors- ALL: 1 SPLIT  1: 4 . 2  S P L I T  2: 17.64 SPLIT  3: 74.09 

EALL: 2.16 ESPLIT 1: 3 . 4 9  ESPLIT 2 :  39.87 
S e n s i t i v i t y  = 1.344E-17 % Reproaucibiiity = . 2 5  S e t e c t i o n  l i m i t  = 40 counts 
Data reduced assuming i n i t i a l  40136 = 295.50 2 0.00 
Ca-factors: 3637=2.6E-04*1.7E-06 3837=3.2E-05'2.4E-07 3937=6.7E-04f3.7E-06 
K-factors: 3739=O.OE+oOf2.2E-03 3839=1.3E-02f2.4E-04 4039=5.7E-03k4.03-03 



-1 04/05/92 K-90-8-laA3 WR B A S U T  #lo-12RD76 1 7 : 5 4 : 2 4  10 Apr 1992 

R A W  D A T A  

FILE TEMP 4 0 A r  3 9Ar 3 8 A r  3 7 A r  3 6Ar TRAP MANIFOLD 
regression CURRENT OPTION 

538 200 ALL 
4 
157 200 ALL 
3 

197 200 ALL 
4 
166 200 ALL 
7 
179 200 ALL 
1 
2 7 0  200 ALL 
1 

TENP 3 9 A r  3 7 A r  ----- K-dersved---- ---- ca-derived---- C1-der Initial 
* O C  Decay Decay 4 0 A r  3 8 A r  2 7 A r  3 9 A r  3 8 A r  3 6 A r  36Ar 3 8 A r  

All values I n  c o u n t s ,  corrected for mass discrimination 



*I 0 4 / 0 5 / 9 2  i3:00:38 10 Apr 1992 %-90-8-18A3 WR BASALT #lo-12RD76 

K-90-8- 18A3 
UPPER FLOW 

39~r':  RELEASED [%) 



v 04/05/92, SAMPLE K-90-8-18A3 WR BASALT #lo-12RD76 L7:56:00 10 Apr 1992 

6 points  regressed out of 6 
Mean X = .164E+00 Mean Y = -7843-03 Slope = - .141E-01 + .150E-03 
36/40 = ,3093-02 + ,2573-04 39 /40  = .219E+00 + .803E-03 
Fit parameters: SUMS = 69.727 MSWD = 17.432 
40Ar/36Ar = 323.52 + 2.69 F = 4.56 + .017 AGE = 15.12 + .09 Ma 



'Jncercalntres  L n  t u b e  b l a n ~  are lnc iuaed  I n  u n c e r t a l n c l e s  13 raw c o u n r s .  
.r 0 4 / 0 5 / 9 2  18:08:21 10 ADr 1992 

K-90-8-19A WR BASALT #13-15RD76 
--=-------- -- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

J = 0.001846 2 0.50% SAMPLE WT = 1.0056 g 
---_-3----CI------------------------*--------------------------------------*---- 

Snit la1  & Potasalum Chlorlne  C a l c ~ u m  
TEMP raaiogenlc derived d e r ~ v e a  ierrved I n i t i a l  AGE 

C 40Ar 39Ar 3 8Ar 3 7Ar 3 6 A r  in Ma 

875 6.120E-12 5.513E-13 2.671f -15 5.1473-13 l.lS1E-14 16.36 c .25  
935 9.325E-12 1.810E-12 * n * 1.0343-12 3.046E-15 15.44 ' .05 
1015 1.337E-11 2 781E-12 **a 1.6793-12 1.9943-15 15.24 5 .02 
1100 4 6643-32 9.2103-13 * * *  7.593E-13 1.5563-15 15-14 2 .04 
1200 3.401E-12 6.8383-13 * * *  8.780E-13 1.081E-15 14.95 t. . I 2  
1450 3.8453-12 4.338E-13 L.953E-15 7.722E-12 5.854E-15 16.15 5 . 2 5  
TOTAL 4.0'73E-11 7.180E-12 4.624E-i5 1.259E-11 2.5043-14 15.33 

GAS 

S i . 6 %  o f  pas on p l a z e a u ,  steps ;215 tP, rcuan llSO PLATEAU AGE = 15.22 - . 3 8  

Note: all gas quantities are In moles.  :lo blank correct ion .  
- AgeB c a l c u l a t e d  aseumlng lnitiai 40Ar/36Ar = 295.5 " 

* *  1-s~qina prec is ion  e a t m a t e s  are  for ~ntra-sample reproduc ib i l i ty .  
* *  1-sigma prec is ion  estimates f o r  p ia teaux  are for i n t r a - i r r a d i a c r c n  package 

reproducibility. 
***  below detect ion  l i m l t  



.: 0 4 / 0 5 / 9 2  K-90-8-13A hX BASALT $13-15RD76 18:07:12 LO Apr !.992 

precis lon  
TEMP 4 TOT RAD APP ".PP F AGE i n t r a -  ~ n t r a -  i n t e r -  

c 3 9 A r  YIELD K / C a  K / C l  (Ma) sample package package 

Precrsrona are 1 algma, zeaaurea an Ma. n a a ~ u r e d  40 /36  a t m  = 297.2 2.5 

J = 0.001846 + 0.50% (~ntra-package) : 0.50% (inter-package) 
Trap current factors- 40: 5.66 130: 2 . 6 2  200:  1 
Hanrfold f ac to r s -  .aL: 1 :?LIT 1: 5.2 SPLIT 2 :  i 7 . 6 4  SPLIT 3: '4.09 

EALL; L.26 ESPLZT 1: ? .49  ESPLIT 2: 39.87 
Sensitivity = 1.3443-1; 3 Reproauclnzlitg = . 2 5  Detection l i m ~ t  = 40 counts 
Data reduced assumlnq ~ n r t r a l  40136 = 295.50 * 0.00 
Ca-factors: 3637=2.6E-04kL.72-06 2837=3.2E-OS52.4E-07 3937=6.7E-04+3.7E-06 

- K-factors: 3739=0.OE+00+2.iE-03 383901.3E-0222.4E-04 4039=5.7E-0324.OE-03 



K-90-8-19A biR BASALT $13-i5m76 19:07:?0 13 Apr 1992 

R A W  D A T A  

FILE TEMP 4 0 A r  39Ar 3 8 A r  37Ar 3 6Ar TRAP 
reqreeeion CURRENT 

XANICFOLD 
OPTION 

ALL 

ALL 

ALL 

ALL 

. TEMP 39Ar 3 7Ar -----K-derlvea---- ---- Ca-derived---- C1-der Initial 
C Decay Decay 4OAr 38Ar 27Ar 39Ar 3 8 A r  36Ar 36Ar 38Ar 

A 1 1  7alues  Ln Counts, zzrrected for mass discr~m~natLon 



-1 0 4 / 0 5 / 9 2  ;8:16:22 10 Apr 1 3 2  7 -40 -6 -19A  WR BASALT $13-15Ra76 

K-90-8- 19A 
S I T E  90-2 
LOWEST FLOW 
PLATEAU AGE 15.2 i 0 . 1  Ma 

1 
I 

- 
- - 
- - - - 
m - - - 

- 

- 

I 

I 

- 

I I 1 1 I I 
0 j9Fy RELEASED [%) 100 



7 0 4 / 0 5 / 9 2  12:17:50 13 A u r  1?92 K-90-8-19A WR BASALT #13-Ism76 

6 points regressed out c f  5 
Hean X = .;68E+00 Hean Y = .741E-03 Slope = -.146E-01 + .236E-03 
36/40 = .319E-02 + .412E-04 39/40 = .219E+00 + .114E-02 
Fit parameters: SUMS = 5.438 XSWD = 1.36 
4QAr/36Ar = 313.92 + 4.06 1 = 4.568 + . 0 2 4  AGE = 15.15 + .11 Ma 



3 n c e r t a l n t ~ e s  Ln tube alank are ~ n c l u d e d  i n  u n c e r e a i n t i e e  i n  raw eounre.  
,r 0 4 / 0 5 / 9 2  18:26:08 10 Apr 1992 

K-90-8-19B WR BASALT #16-i8RD76 
--==----------- -- - - - - - - - - - - - ~ = r 1 3 ~ a = = m = = = t ~ = = = = Q = = = = = = = S = = = = = = = = = = = = = ~ = 5 a = = ~ = = = = ~ = Q ~ ~ = ~ = ~ m ~ = = = =  

J = 0.001847 k 0.50% SAMPLE WT = 1.0011 g 
-----------------_----------------*------------------------------------------"-- 

Initial & Potaoa~um Chlorrne Calcium 
TEMP zadiogenic derived d e r ~ v e d  derzved Initial AGE * t 

C 4 0 A r  3 9 A r  3 8 A r  3 7 A r  3 6 A r  in Ma 

650 1.079E-11 
750 1.440E-11 
870 1.165E-11 
950 7.805E-12 
1050 4.833E-12 
1150 2.8443-12 
1250 1.773E-12 
X O U  3.409E-il 

GAS 

NO PLATEAU 

- Note: all gas quantities are In moiee. :la blank correction. 
* Agea calculated aseumrnq ~nltial 40Ar/36Ar = 295.5 f 0 
* *  i-sigma precision esr imaree are f o r  intra-sample reproducibility. 
** 1-aigma p r e e ~ s i o n  estimates for plateaux are for intra-irradiation package 

reproducibility, 
***  below detect ion  limit 



.: 0 4 / 0 5 / 9 2  K-90-8-1P9 WR BASALT $16-i8RD76 13:25:5B 10 Apr 1992 

preczsion 
TEHP 3 TOT ?AD APP APP T AGE i n t r a -  i n t r a -  i n t e r -  

C 39Ar YIELD K/Ca  K/cl ( na) sample package package 

h 650 8.3 30.6 
3 7 5 0  2 6 . 1  65 .2  
C 8 7 0  2 4 . 9  7 5 . 9  
0 9 5 0  1 7 . 6  7 9 . 3  
2 1 0 5 0  11 .5  8 0 . 3  
F 1150 7 . 1  80.4 
G 1250 4 . 5  7 6 . 9  
Total gas K/Ca = 

? r e c l s ~ o n s  arc 1 srgma, Ieanurea -n Ma. Yeaaurea 40/36 atm = 297.2 2.5 
J = 0.001841 5 0.50% ( r n t r a - p a c ~ a g e )  0.50% r~nter-~ackaae) 
Trap current factors- 4 3 :  5.66 130: L . 6 2  z 3 0 :  : 
Xanlfold factors- ALL: 1 SPLIT 1: 4 . 2  STLT: 2 :  17.61 SPLIT 3:  74 .09  

E U L :  2.26 ESPLIT 1: 5 - 4 9  ESTLIT 2 :  39.87 
S e n s l t r v ~ t y  = 1.344E-i7 % Reproauelb~ilty = .;5 3etect lon  limit = 40  counts 
Data reduced assurnlng ;~ztlal 4 0 / 3 6  = 2 9 5 . 5 5  r 0.00 

. Ca-factors: 3637~2.6E-0421.7E-06 3a37=3.22-0552.4E-07 3937-6.7E-04f3.7E-06 
K-factors: 2739aO.OE+00+2.2E-03 2a39~1.2E-0222.4E*04 403935 .7E-03f4 .OE-03  



-t 0 4 / 0 5 / 9 2  K-90-8-19B WR BASALT g16-18RD76 18:25:56 10 A ~ K  1992 

R A W  D A T A  

FILE TEMP 4 0 A r  j 9 A r  3 8 A r  3 7 A r  3 6Ar TRAP 
reqresaion CURRENT 

. W X  FOLD 
3PTf ON 

ALL 

ALL 

ALL 

C O R R Z C T I O N S  

TEMP 3 9 A t  37Ar  -----K-dsrrved---- ---- Ca-derived---- CL-aer I n i t i a l  
O C Decay 9ecay 4OAr 38Ar j7Ar 3 9 A r  3 8 A r  36Ar 26Ar  3 8 A r  

All valuea I n  c o u n t s ,  corrected f o r  mase discrim~nat~zn 



K-90-8- 198 
SITE 90-2 
MIDDLE FLOW 



-7 04/05/92 18:41:04 13 Apr 1992 '-90-8-198 WR BASALT fL6-18RD76 

F o i n t s  EFG deleted; 
4 p o i n t s  regressed out of 7 includes 76.9 % of 39Ar 

Mean X = .110E+00 Mean Y = .159E-02 Slope = -.146E-01 + .120E-03 
36/40 = -320E-02 + -144E-04 39/40 .219E+00 + .9723-03 
Fit parameters: SUMS = .468 MSWD = . 2 3 4  
40Ar/36Ar = 312.54 + 1.41 F = 4.566 + .02 AGE = 15.15 + .1 Ma 

W/O POINTS EFG 



Uncertainries in tube blank are included in uncertainties in raw counts .  
v 0 4 / 0 5 / 9 2  0 9 : 4 7 : 4 0  13 Apr 1992 

K-90-8-19C WR BASALT f19-21RD76 
---------------------------------------------------------------------=-*-- 1-------1--1------1----11-------------------- ---- 

J = 0.001827 t 0.509 SAMPLE WT = 1.0012 g 
- - - - I I I - - - - C - C - - - - - - 1 1 1 - - 1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

Initial & Potassium Chlorine Calcium 
TEMP radiogenic derlved derived derived I n i t i a l  AGE* 

C 4 0 A r  3 9Ar 3 8 A r  37Ar 3 6 A r  in Ma 

870 
950 
1050 
1150 
1250 
1450 
1650 
TOTAL 
GAS 

9 2 . 2 %  of gas on plateau,  s t e p s  350 through 1650 PLATEAU AGE = 14.52 

+ Note: a l l  gas quantities are i n  moles. No blank correction. 
* Ages calculated assuminq initial 40Ar/36Ar = 295.5 5 0 
** 1-sigma precision estimates are f o r  intra-sample reproducibility. 
** 1-sigma precision estimates for plateaux are for intra-irradiation p; 

reproducibility. 
*** below detection limit 



*J 0 4 / 0 5 / 9 2  K-90-8-L9C WR BASALT #19-21RD76 0 9 : 4 7 : 3 4  13 Apr 1 9 9 2  

precision 
TEMP % TOT RAD APP APP F AGE i n t r a -  intra- i n  

C 39Ar YIELD K/Ca K / C 1  (Ma sample package pa 

A 8 7 0  7 . 8  7 3 . 6  
B 9 5 0  1 7 . 9  8 7 . 7  
C 1 0 5 0  2 4 . 0  9 1 . 3  
D l 1 5 0  1 7 . 9  91.6 
El250 1 3 . 9  9 0 . 6  
F 1 4 5 0  1 1 . 7  8 6 . 1  
G I 6 5 0  6 . 9  86.8 
Total gas K/Ca = 

precisions are  1 sigma, measured in Ma. Measured 40/36 atm = 2 9 7 . 2  2.5 
J = 0 . 0 0 1 8 2 7  2 0 . 5 0 %  (intra-package) 2 0 . 5 0 %  ( i n t e r - p a c k a g e )  
Trap c u r r e n t f a c t o r s -  4 0 :  5 . 6 6  1 0 0 :  2 . 6 2  2 0 0 :  1 
Manifold fac tors -  ALL: 1 SPLIT I: 4 . 2  SPLIT 2 :  17.64 SPLIT 3 :  7 4 . 0 9  

EALL: 2 . 2 6  ESPLIT 1: 9 . 4 9  ESPLIT 2 :  3 9 . 8 7  
sensitivity = 1 . 3 4 4 E - 1 7  5 Reproducibility = .25 Detection limit = 40  cc 
Data reduced assuming initial 4 0 / 3 6  = 2 9 5 . 5 0  + 0 . 0 0  
Ca-factors: 3637=2 .6E-0421 .7E-06  3 8 3 7 = 3 . 2 E - 0 5 f 2 . 4 E - 0 7  3 9 3 7 = 6 . 7 E - 0 4 f 3 . 7 E - 0 6  
K-factors: 3739=0.0E+00+2.2E-03 3839=1 .3E-0222 .4E-04  4039=5.7E-03f4 .OE-03 



v 0 4 / 0 5 / 9 2  K-90-6-i9C :JR EASALT #19-21RD76 0 9 : 4 7 : ? 3  i3 Apr 1 9 9 2  

R A W  D A T A  

FILE TEMP 4 0Ar 3 9Ar 3 8 A r  3 7 A r  3 6Ar TRAP 
r eg ress ion  CURRENT 

ALL 

ALL 

ALI 

ALI 

ALI 

C O R R E C T I O N S  

TEMP 39Ar 37Ar ----- K-derived---- ---- Ca-derived---- C1-der Ini- 
OC Decay Decay 40Ar 38Ar 37Ar 39Ar 3 8 A r  36Ar 36Ar 38; 

All values in c o u n t s ,  corrected for mass discrimination 



v 0 4 / 0 5 / 9 2  09:53:52 13 Apr 1 9 9 2  K-90-8-19C WR BASALT f19-21RD76 

- 
rn 

- 
m - I - - 
m - 
r ; - - 

K-90-8- 19C 
S I T E  90-2 

- UPPER FLOW 
PLATEAU AGE = 14.5 + 0 . 1  Ma 

- 

L 

- 

I I I I I 1 I 
0 RELEASED [%) 100 



x 
-,, 0 4 / 0 5 / 9 2  29:57:04 13 Apr 1992 K-90-8-19C 'JR BASALT X19-21Rn76 

Point deleted; 
7 points reqressed out of 7 - - 

Mean X = .182~+00 Mean Y = .612E-03 Slope = -.131E-01 - .681E-03 
36/40 = ,300E-02 + .125E-03 39/40 = .229E+00 + .267E-02 
Fit parameters: SUMS = 1.333 MSWD = ,267 
40Ar/36Ar = 3 3 3 . 3 9  + 13.9 F = 4.365 + .051 AGE = 14.33 .18 Ma 



.r 04/05/92 12:01:15 12 A p r  1992 
K-90-8-22B WR BASALT #28-30RD76 

.................................................................................. 

J = 0.001822 2 0.50% SAMPLE WT = 1.0049 g 

I n i t i a l  & Potasazum Chlor lna  Calcium 
TEMP radioqen~c der~ved derzved derived I n i t i a l  AGE * * 

C 4 0 A r  3 9 A r  3 8Ar 3 7 A r  3 6 A r  in Ma 

870 
9 50  
1050 
115 0 
1250 
1450 
1650 
TOTAL 

GAS 

NO PLATEAU 
2 5 . 8 %  of gas releasea in steps ;250 througn 1550 average age = i4.97 + .10 

Note: all gas quanti t ies  are in moies. No blank correction. 
Ages calculated asrumrng i n i t i a l  40Ar/36Ar = 2 9 5 . 5  5 0 

* *  1-sigma precision estimates are for intra-sample reproducibility. 
** 1-sigma precision estimates for plateaux are for intra-irradiation package 

reproducibility. 
***  below detection limit 



Y n c e r r a l n t ~ e s  I n  tubs blank are lccluded zn u n c e r t a ~ n t i e a  I n  raw c s u n t s .  
,r 04/05/92 11:01:03 :3 Apr 1992 

K-90-8-22B WI3 BASALT X28-30RD76 
=P==BI=IIPDI=====I=IPP=~~~~==I====P====================~=~~=~================================ 

J 0.001822 2 0.50% SAMPLE WT = 1.0049 g 

I n i t i a l  & Potasalum ~ h l o r r n e  Calcium 
TEMP radiogenic darsved derzvea d e r ~ v e d  I n i t i a l  AGE * * 

C 40Ar 3 9 A r  3 8Ar 3 7Ar 5 6 A r  in  Ma 

870 
950 

1050 
1150 
1250 
1450 
1650 
TOTAL 

GAS 

NO PLATEAU 

. ~ote: a l l  gae quantities are i n  rnolea. No blank cor rec t ion .  
A g e s  ca l cu la ted  asaumlng i n i t i a l  40Arf36Ar = 2 9 5 . 5  k 0 

**  1-sigma prec i s ion  est imates  are for  intra-sample reproduc ib i l i t y ,  
* *  1-sigma prec i s ion  est imates  for plateaux are for in t ra - i rrad ia t ion  package 

reproducib i l i ty .  
*** below detection l i m i t  



.: 0 4 / 0 5 / 9 2  X-90-6-2ZB WR BASALT #28-30RD76 1;:00:55 13 Apr 1992 

precis i o n  
TEMP 9 TOT U D  APP APP F AGE i n t r a -  i n t r a -  ~ n t e r -  

C 39Ar YIELD K / C a  X/Cl (Ma 1 sample package package 

A 870 13.0 43 .8  1 ~ 9 1  2 17 5.054 16.542 .13 .16 .18 
B ?SO 23.4 69.4 2.30 1162 4 . 8 5 2  15.88 t .OS .09 . L2 
~ 1 0 5 0  21.7 77 .5  1.52 0 4 . 7 9 2  l5.68 k - 1 2  .14 . 1 6  
D 1150 16.1 78.8 .82 2032 4 .653  15.23 4 . 0 6  . 1 0  .12 
E 1250 12.2 79 .7  . 2 4  652 4 .540  1 4 . 8 6 '  .14 .16 .18 
F1450 8 . 4  7 7 . 5  . 0 4  415 4 . 6 9 7  15.37 5 .36 .37 . 3 8  
GI650 3.1 67.5 . 0 3  2 82 4 .627  15.15 k . 2 8  . 2 9  .30 
T o t a l  gas K/Ca = 1.3 

Precrssona are 1 argrna, meaeurea I n  Ha. seaeured  4 0 / 3 6  atrn = 2 9 7 . 2  2 . 5  
J = 0 .001822  5 3 . 5 0 %  ( ~ n t r a - p a c k a g e )  = 0 . 5 0 %  ( ~ n t e r - p a c k a g e )  
TraD current factors- 4 0 :  5 - 6 6  0 5 2  230: ; 
Xan~iold f ac tor s -  ALL: ; SPLIT 1: 4.2  SPLIT  2 :  1 7 . 6 4  SPLIT 3 :  74 .09  

EALL: 2 . 2 6  ESPLIT 1: 9.49 ESPLIT 2:  39.87 
S e n s ~ t ~ v i t y  = 1.344E-17 % Reproducrbrliry = .25 Setaceion L i m i t  = 40 counts 
Data reduced assuming i n ~ t ~ a l  40/36 = 295.50  2 0 . 0 0  
.Ca-factors: 3 6 3 7 = 2 . 6 3 - 0 4 i l . x - 0 6  3837=3.2E-05f2.4E-07 3937~6.7E-04'3.7E-06 
K-factors: 3739=O.OE+00;2.2E-03 3839=1.3E-02'2.4E-04 4039~5.7E-03f4 .OE-03 



-1 04/05/92 K-90-8-22B WR BASALT f28-30RD76 L1:00:54 13 Apr 1?92 

R A W  9 A T A  

FILE TEMP 40Ar 39Ar 3 8Ar 3 7Ar 3 6Ar T M P  . M I F O L D  
reqreaeron ClJRRENT OPTION 

U L  

ALL 

ALL 

ALL 

ALL 

ALL 

ALL 

C O R R E C T I O N S  

TEMP 3 9 A r  37Ar -----K-der~ved---- ----ca-derived---- C1-der I n i t i a l  
O C  Decay Decay 30Ar 38Ar 3 7 A r  39Ar 38Ar 36Ar 26Ar 38Ar 

All values r n  counts, corrected f o r  maaa d ~ s c r z m ~ n a t i o n  



-J 04/05/92 ;1:56:21 13 Apr 1992 K-90-8-22B WR BASALT #28-30RD76 

K-90-8-226 
S I T E  90-5 

- 
r 1 

I 

- - 
e 

L 

- 

- 

7 J 

t 

- 

I I I 1 I 
0 

58  

j 9 ~ r y  RELEASED ( % I  100 



-- 

v 0 4 / 0 5 / 9 2 ,  SAMPLE K-90-8-22B WR BASALT $28-30RD76 11:36:28 13 Apr 1992 

7 point8 regressed out of 7 
Mean X = .124E+00 Moan Y = .134E-02 Slope = -.147E-01 + .223E-03 
36/40 = .3173-02 + e288E-04 39/40 .215E+00 + .1473-02 
Fit parameters: SUMS = 17.197 MSWD = 3.439 
40Ar/36Ar = 315.41 + 2.86 F = 4.644 + .032 AGE = 15.2 + .13 Ma 



+r 04/05/92 12:12:30 13 Apr 1992 
X-90-8-22C 'JR BASALT #32RD76 

==9==============3=========P=======I==P%=z===n===mm======5===~================== 

J = 0.001776 t 0.50% SAMPLE WT = 0.3343 Q 

Initial & potasarum C h l o r ~ n e  Calcium 
TEMP radiogenrc derived derlved derived I n i f  ial ACE * * 

C 4 0 A r  39Ar 3 8 A r  3 7 A r  3 6 A r  in Ma 

650 
7 50 
870 
950 

1 0 5 0  
1 1 5 0  
1250 
1450 
TOTAL 

GAS 

NO PLATEAU 

. Note: a l l  gas q u a n t i t i e s  are in males. !lo blank correction. 
Ages c a l c u l a t e d  aseumrng initial 4OAr/36Ar = 295.5 s 0 

* *  i-sigma p r e c i s i o n  estimates are for intra-sample reproducibility. 
* *  1-sigma pm8cisi0n estrmares for plateaux are for intra-irradiation package 

reproducibility. 
***  below detection L i m i t  



.Y 04/05/92 K-90-8-i2C h i  BASALT g32RD76 1 2 : 1 3 : 2 8  13 Apr 1392 

preelslon 
APP F AGE TEMP 3 TOT KAD APP i n t r a -  i n t r a -  Lnter- 

C j 9 A r  YIELD K/ca K / C 1  (Ma) sample package package 

A 6 5 0  3.2 5.1 
B 750 13.8 64.9 
C 870 32.2 86.6 
D 950 19.4 84.4 
El050 11.6 74.2 
El150 6.8 74.2 
GI250 7.3 77.3 
HI450 5.8 59.1 
T o t a l  gas K/Ca = 

?reczsrans are 1 srgma, masurea ;2 "a. xeasurea 4 0 1 3 6  arm = 2 9 7 . ;  1.5 
J = 0.001776 5 0.50% c~ntra-paexage) z 3 . 5 0 %  ( ~ n t e r - p a c k a q e )  
Trap current f ac to rs -  4 0 :  5 . 6 6  L30: Z . 6 2  200: 1 
~ a n r f o l d  factors- ALL: 1 SPLIT 1: 4 .2  SPLIT 2: 17.64 SPLIT 3: 74.09 

EALL: 2 . 2 6  ESPLXT :: 9.49 ESPLIT 2: 39.87 
Sensitivity = 1.3443-17 3 R@proaucrcrlity = - 2 5  3 e t e c t ~ o n  L i n ~ t  = 40 counts 

. Data reduced asclumrng l n r t r a l  40136 = 295.50 5 0.00 
Ca-factors: 3637=2.6E-0421.72-06 3837=3.23-0552.43-07 3937=6.7E-04s3.7E-06 
K-factors: 3739=0.03+00*2.2E-03 3839=1.2E-0222.43-04 4039=5.7E-0324.0E-03 



-7 04/05/92 K-90-8-22C 'JR BASALT #32RD76 L2:13:26 ,13 Apr 1992 

R A W  D A T A  

FILE TEMP 40Ar  39Ar 3 8Ar 3 7 A r  3 6Ar TRAP ,NANIFOLD 
reqrese~an CURRENT OPTION 

200 "oL 

200 EALL 

200 EALL 

200 EAtL 

200 EALL 

200 E U L  

200 KALL 

200 EALL 

C O R R E C T I O N S  

TEMP 39Ar 3 7 A r  -----K-derrved---- ----Ca-derived---- cl-der I n i t i a l  
C Decay Decay 4OAr 38Ar 2 7 A r  39Ar 38Ar 36Ar 3 6 A r  3 8 A r  

All vaiuos Ln counts, corrected for  mas8 d i s c r ~ r n i n a t r o n  



'! 04/05/92 12:20:29 13 Apr L992 !'.-30-8-22C WR BASALT #32RD76 

K-90-8-22C 
SITE 90-5 

I - - 
* 

- 

- 

- 

. - 
- 
7 

I I 1 
0 3gA61:y RELEASED (%] 1 00 



.,- 0 4 / 0 5 / 9 2 ,  SAMPLE K-90-8-22C WR BASALT #32RD76 12: 14:09 13 Apr 1992 

8 p o i n t s  regressed out of 8 
Mean X = .118E+00 Mean Y = .l53E-02 SLope = -.158E-01 + ,958E-04 
36/40 = .339E-02 + .132E-04 39/40 = .215E+00 + .729E-03 
Fit parameters: SUMS = 389.023 MSWO = 64.837 
40Ar/36Ar = 295.06 + 1.15 F = 4.661 + ,016 AGE = 14.87 + .09 Ma 



Yncerra lnt ies  L n  tube b l a n ~  are ~ncluaed in uncertainties L n  raw c o u n t s .  
-I 04/05/92 0 : O l :  13 Apr 1992 

K-90-8-190 'a BASALT #22-24RD76 
- - - - = --------~---------'-'--'-------------- --------+--+------------p====f=========----- -----t==r==aI= 

J = 0.001804 = 0.50% SWPLE WT = 1.0025 g 
--*----_--*-----------------------------------------------------------*--------- 

I n i t i a l  & Potaaaiurn Chlorrne Calcium 
TEMP radiogenic der ived  derl7ed derived I n i t i a l  AGE * * 

C 4 0 A r  39Ar 3 8Ar 37Ar  3 6- in Ma 

870 
9 5 0  
1050 
1150 
1250 
1450 
1650 
TOTAL 

GAS 

57.4% o f  gas on plateau,  sreps 350 chrougn 1150 PLATEAU AGE = L5.91 
51.6% of gas on plateau,  s t e p  1159 t h r o u a n  1650 PLATEAU AGE = 15.81 

Note: all gas quantities are i n  moles. No blank correction. 
Ages calculated  aoeurnlng initial 4OAr/36Ar = 2 9 5 . 5  5 0 

* *  1-sigma p r e c i s i a n  estimates are for lntra-sample reproducibility. 
* *  1-sigma p r e c i s i o n  estrmates for plateaux are for i n t r a - ~ r r a d i a t r o n  package 

r e p r o d u c i b i l i t y .  
* * *  below detection l i m i t  



.t 04/05/92 K-90-8-i?D WR BASALT +22-24RD76 10:00:52 13 Apr 1992 

precrs~on 
TEMP % TOT XAD APP hP P F AGE intra- Fntra- Lnter- 

C S 9 A r  YIELD K/Ca K / C l  (Ma)  sample package package 

h 870 a.8 51.0 
B 950 18.9 7 6 . 6  
C 1Q50 20.7 8 3 . 7  
D l 3 5 0  17.8 86.8 
E l 2 5 0  15.7 88.1 
F 1 4 5 0  11.5 85.5 
G I650 5.7 92.9 
Total gaa K/Ca = 

Precrslons are 1 srqma, measurea I n  Ma. Xeasurea 40/36 atm = 297.2 5 . 5  
; = 0.001804 r 9.50% crntra-packaae) : 0.50% (znter-package) 
Trau current factors- 40:  5.66 130: z . 3 2  130: 1 
Xanrfold fac tors-  ALL: 1 SPLIT 1: 4 . 2  52LIT f :  17.64 SPLIT 3: 74.09 

EALL; 2.26 ESPLIT 1: 5.49 ESPLIT 2: 39.87 
Sensltlvity = 1.3443-17 % R e p r ~ d u ~ i ~ i i ~ t . {  = . ; 5  a e t e c t l o n  limit = 40 councs 
Data reduced assumlng ~ n ~ t ~ a l  40/36 = 295 .SO 4 0.00 

. Ca-factors: 363712.6E-04k1.72-06 3837=3.2E-05'2.4E-07 3937~6.7E-04f3.7E-06 
K-factors: 3739=0.03+00&2.22-03 3839=1.:E-0252.4E-04 4039~5.7E-0324.OE-03 



R A W  3 A T A  

7ILE TEHP 4OAr 2 9Ar 2 8 A r  2 7 A t  3 6Ar TRAP UANIFOLD 
reqresaien CURRENT CIPTION 

200 ALL 

200 ALL 

TEMP 3 9 A r  :7Ar ----- K-derrved---- ---- Ca-derived---- C1-der I n i t i a l  
C Decay Decay 40Ar : 8Ar  Z 7 A r  39Ar 38Ar 3 6 A r  3 6 A r  2 8 A r  

All valuea Ln c o u n t s ,  corrected f o r  mass discrzmlnacrcn 



K-90-6- 190 
S I T E  90-6 
LOWEST FLOW 
PLATEAU AGE 15.8 + 0 .1  Ma 

* - 
- - - - - - 
" 

- - - - - - - - 

- 

- 
1 

I - 
- 

I I I I I 1 1 
0 jg/fFK RELEASED (%)  100 



,J 04/05/92 :0:44:04 13 4pr 1992 7-90-8-19D WR BASALT #22-24RD76 

7 p o m t s  regres~ed out of 7 
Mean X = .152E+00 Wean Y = .833E-03 Slope = -.i50E-01 + .462E-03 
36/40 = .310E-02 + .716E-04 39/40 = .207E+00 + .299E-02 
Fit parameters: SUMS = ,516 YSWD = .LO3 
40Ar/36Ar = 322.26 + 7.44 F = 4.825 + ,046  AGE = 15.63 + .17 Ma 



' J nce r t a rn t l e s  i n  tobe blank are ~ n c i u a e d  in u n c e r t a ~ n t i e s  ln raw counts. 
.s 0 4 / 0 5 / 9 2  10:49:55 1 3  Apr 1992 

K-90-8-19D1 iiR BASALT $25-27XD76 
======f=D=====ZL================================m=====n========================= 

; = 0.001869 2 0.50% SAMPLE WT = 1.0000 q ................................................................................ 
Initial & Pat aselurn Chlor~ne Calcium 

TEMP radiogenic derived d e r ~ v e d  derived I n i t i a l  AGE* * 
C 4 0 A r  3 9 A r  3 8 A r  3 7 A r  3 6Ar in Ma 

El0 PLATEAU 

. Note: all gaa quantities are i n  rnoies. :lo blank correction. 
* Ages calculated assurnlnq i n i t i a l  4 0 A r / 3 6 A r  = 2 9 5 . 5  " 
* *  1-sigma preciaron e s t i m a t e s  are for intra-sample reproducibility. 
**  1-sigma precision e s t r m a t e s  f o r  plateaux are f o r  i n t r a - i r r a d i a t i o n  package 

reproducibility. 
* * *  below detect ion l i m i t  



,r 04/05/92 K-90-8-19D1 5iR BASALT $25-27RD76 10:49:48 13 Apr 1992 

2recrszon 
TEMP 4 TOT W APP APP F AGE i n t r a -  ~ n t r a -  i n t e r -  

C 39Ar YIELD K/Ca X / C 1  ( M a )  sample ~ackage package 

A 870 10.5 38.6 1.35 259 5 , 3 9 7  18.11" .17 .20 .22 
B 950 17.5 60.5 1.72 1662 5.055 16.96' -09 .13 . IS 
C 1 0 50 18.1 67.4 1.24 :4022 4,856  16.30 + .14 .I6 .18 
Dl150 18.7 76.5 - 88  0 4.814 16.16k .06 .lo .13 
E 1250 16.2 78.9 .41 24493  4.696 15.76 f .09 .12 .14 
F 1 4 5 0  12.1 79.8 .09 0 4.806 16.13 k .04 .09 -12 
GI650 7.0 76.3 .08 73999 4.730 l5.88 $ - 2 2  . 2 4  . 2 5  
Total gas K/Ca = .9 

Precrs lons  are 1 sigma. meaeurea i: Ma. Yeaeured 40/36 a t m  = 2 9 7 . 2  2.5 
; = 0.001869 c 0.50% ( ~ n r r a - p a c k a q e )  = '3.50% ( ~ n t e r - p a c k a g e )  
Trap current factors- 40: 5.66 0 :  2 TOO: 1 
Hanlfold factors- L 1 SPLIT 1: 4 . 2  :?LIT 2 :  17.64 SPLIT 2 :  74.09 

EALL: 2.26 ESPLIY :: 9.49 ESPLIT 2: 39.87 
sansrtrvrty = 1.3443-17 % Reproauer3~l r=:~  = . 2 5  3etectron l i s~t  = 40 c o u n t s  
Data reduced assumlng r n r t ~ a l  40/36 = 295.50 5 0.00 
.Ca-factors: 3637=2.63-04k1.72-06 3837=3.iE-05*2.4E-07 3937=6.7E-04*3.7E-06 
K-factors: 3739=0-OE+00?2.2E-03 3839=1.3E-02f2.4E-04 4039=5.7E-03t4.OE-03 



-7 04/05/92 K-90-8-14D1 i i R  BASALT $2S-i7RD76 13:49:47 13 Apr 1?92 

FILE TENP 4 0 A r  3 9 A r  3  BAr 3 7 A r  3 6 A r  TRAP =IFOLD 
reqresaion CURRENT OPTfON 

1418 200 ALL 
8 
9 12 200 ALL 
7 
676 200 ALL 

11 
450 200 ALL 
5 
3 44 200 ruaL 
7 
? 19 200 ALL 
i 
217 200 ALL 
7 

C O R R P C T I O N S  

TEMP 3 9 A r  3 7 A r  -----K-derlvea---- ---- Ca-derived---- C1-der Initial 
O C Decay Decay 40Ar 3 8 A r  3 7 A r  39Ar 3 8 A r  3 6 ~ r  36Ar 3 8 A r  

All valuer -3 c o u n t s ,  corrected f o r  mass discraminat ion  



- 04/05/92 13:55:02 13 Apr 1992 X-90-8-19D1 'rlR BASALT #25-27RD76 

K-90-8- 1901 
S I T E  90-6 
LOWEST FLOW 



.: 04/05/92 13:55:02 13  Apr 1992 ::-40-8-1951 'a BASALT $25-27RD76 

K-90-8- 1901 
SITE 90-6 
LOWEST FLOW 
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.J 02/05/91 K-90-8-21A BIOTITE #95RD76 15:03:11 4 ; JOV 1991 

R A W  D A T A  

FILE  TEMP 4 0Ar 3 9 A r  3 8 A r  3 7 A r  3 6Ar TRAP MANIFOL * CURRENT OPTION 

850 107914 28812 1036 42 17 2 200 ALL 
f 79 23 14 7 12 

* 36Ar peak values less than 50 are means those above 50 are from linear 
regressions 

C O R R E C T I O N S  

TEMP 39Ar 37Ar ----- K-derived---- ----~a-derivea---- C1-der I n i t i a -  
O C Decay Decay 40Ar 38Ar 3 7 A r  39Ar 38Ar 36Ar 36Ar 38*r 

All values in counts, corrected for mass discrlaination 

TEMP % TOT RAD APP APP F 
C 39Ar YIELD K/Ca K/CL 

precision 
AGE intra- intra- inter 
(Ma) sample package packa 

A 850 100.0 52.7 134.92 102 1.968 6.56 + .41 .42 .42 
Total gas K/Ca = 134.9 

Precisions are 1 sigma, measured in Ma. Measured 40/36 atm = 296.5 +.5 
J = 0.001852 + 0.25% (intra-package) + 0.50% (inter-package) 
Trap current factors- 40: 5.66 100: 2.62 200: 1 
Manifold factors- ALL: 1 SPLIT 1: 3 . 3  SPLIT 2: 10.89 STLIT 3 :  35.937 

EALL: 2 ESPLIT 1: 6.6 ESPLIT 2: 21.78 
sensitivity = 1.000E-17 % Reproducibility = .25 Detection limit = 40 count 
Data reduced assuming initial 40136 = 295.50 + 0.00 
Ca-factors: 363712.6E-04+1.7E-06 3837=3.2E-05+2.4E-07 ,3937=6.7E-04+3.7E-06 
K-factors: 3739=0.0E+00+2.2E-03 3839=1.3E-024-2.4E-04 4039=5.7E-03+4.0E-03 

==================-------------------- ------,,,------------------------------- -I-_- 

J = 0.001852 + 0.25% SAMPLE FV'T = 0.4101 g 
-------------------I---------.-------------------*----*--------------------------- 

Initial & Potassium Chlorine Calcium 
TEMP radiogenic derived derived derived Initial AGE* ** 

C 4 0Ar 3 9 A r  3 8 ~ r  3 7 A r  3 6Ar in Ma 

Note: all gas quantities are in moles. No blank correction. 
* Ages calculated assuming initial $gAr/36Ar = 295.5 + 0 
** 1-sigma precision estimates are for intra-sample reproducibility. 
** 1-sigma precision estimates for plateaux are for intra-irradiation packa 

reproducibility. 
***  below detection limit 



2ncertaLntzes  sn rube blank are rncludea sn uncertalntzes In raw counts .  
.r 0 4 / 0 5 / 9 2  ;3:00:59 13 Apr 1392 

iC-90-8-21A P L A G I O C L A S E # ~ ~ - ~ ~ R D ~ ~  
= m t ~ ~ ~ ~ ~ ~ ~ ~ ~ = ~ t m u ~ ~ ~ u ~ ~ ~ r + ~ ~ ~ ~ = ~ ~ ~ = ~ ~ = = a = = = a ~ ~ ~ ~ ~ R = = ~ ~ ~ ~ = ~ ~ ~ * ~ ~ ~ ~ ~ ~ U ~ ~ = ~ ~ ~ = = = ~ ~ ~ ~  

J = 0.001865 k 0.50% S W L E  WT = 1.6701 g 

I n i t i a l  & Potase~um Chlor~ne Calcium 
TEMP radiogenzc der~vea der lvad d e t  aved I n i t i a l  AGE * * 

C 4 0 A r  3 9 A r  3 8- 3 7Ar 3 6- in Ma 

1100 4.385E-12 3.443E-13 1.030E-14 4.929E-13 1-2323-14 7 . 2 6  t .19 
1100 5.5593-12 2.6383-12 r r 4.149E-12 1.3953-15 6 .63  + . 03  
1240 6.5llE-12 3.220E-12 *** S.009E-12 9.158E-16 6 . 5 1  2 . 0 4  
1340 2.6723-12 1.2193-12 w e *  1.800E-12 8.191E-16 6.69 ? . 10  
1380 1.1883-12 4.715E-13 **n 7.297E-13 5.908E-16 7 . 2 2  5 . 2 9  
TOTAL 2.032E-11 3.892E-12 1.03OE-14 1.218E-11 1.5843-14 6.65 

GAS 

5 5 . 2 %  o f  gas on plateau ,  ;teas i L G O  t k r c u c n  1340 PLATEAU AGE = 5 . 5 4  + . 9 4  

Note: all gas quantitlea are i n  moles. !To blank correct ion .  
* Ages ca l cu la t ed  aeeurnrno rnitial 4 0 A r 1 3 6 A r  = 295 .5  5 0 
;* l-sigma prec i s i on  estlmares are fcr intra-sample r e p r o d u c i b i l i t y .  
**  1-sigma p r e c ~ s i o n  estimates f o r  plateaux are for i n t r a - i r r a d i a t i o n  packaqe 

reproducibility. 
*** below detection Limit 



FILE TEMP 40- 39- 3 8 A r  37Ar 3 6Ar TRAP AMITFOLD 
reqrseeion CUrCRENT OPTION 

TEMP 39Ar . 37Ar ----- x-derr.~ea---- ---- Ca-dar~ved---- Cl-aer I n r t i a l  
C aecay Decay JQAr l 8 A r  Z7Ar 3 9 A r  j 8 A r  36Ar 36Ar  

A l l  values Ln counts ,  corrected f o r  maae d z s c r l r n r n a t ~ c n  

preclsron 
TEMP 4 TOT 3AD APP APP F AGE intra- Lntra-  inter-  

C 3 9 k  YIELD K/Ca K / c ~  ( ~ a  1 sample ~ackaqa package 

A 1 1 0 0  4.4 17.0 
B 1100 33.4 93.6 
C1240 40.B 95.8 
Dl340 15.4 90.9 
E 1380 5.0 85.3 
Total qae KICa = 

Precas~ana are 1 srqma, measured in Ma. Hearnured 40 /36  atm = 297.2 z . 5  
3 s 0.001865 5 0.50% (intra-package) 5 0 .50% (inter-package) 
Trap current factorr- 40s 5 . 6 6  100: 2 .62  200: 1 
Man i fo ld  factors- ALL: 1 SPLIT 1: 4.2 SPLIT 2: 17.64 SPLIT 2 :  74.09 

E A U :  2.26 ESPLIT 1: 9 .49  ESPLIT 2: 39.87 
Senait ivrty = 1.344E-17 3 Reproducibility ~ 7 7 . 2 5  Detection LirPst = 40 counts 
Data reduced assuming z n i t i a l  40136 = 295.50 + 0.00 
Ca-factors: 363712.6E-04i1.7E-06 383713.2E-05f2.4E-07 3937=6.72-04*3,7E-06 
K-factors: 2739=0.OE+OOf2.2E-03 3839-1.3E-02t2.4E-04 4039-5.7Z-0354.0E-03 



K-90-8-2 1 A  
SITE 90-7 
P L A G  IOCLASE 
P L A T E A U  AGE = 6.58 i 0.05 Ma 



Point E deleted; 
4 p o i n t s  regressed out of 5 includem 9 4  a of 39Ar 

Mean X = .2573+00 Mean Y = .164E-02 Slope = -.651E-02 + .574E-04 
36/40 = .332E-02 + .187E-04 39/40 = .510E+00 + .284E-02 
Fit parameters: SUMS = 2.92 MSWD = 1.46 
40Ar/36Ar = 301.22 + 1.7 F = 1.961 + .011 AGE = 6 .58  + .05 Ma 

W/O POINTS E 



K-90-8-20A BIOTITE f95RD76 15:08:01 3 NQV 1991 

R A W  D A T A  

FILE TEMP 4 0Ar 3 9Ar 38Ar 3 7Ar 3 6Ar TRAP X A N I F O L  
* CURRENT OPTION 

26240 450 121762 31648 1111 3 1 201 200 ALL 
+ 17 20 8 6 4 

* 3 6 A r  peak values less than 50 are means those above 50 are from linear 
regressions 

C O R R E C T I O N S  

TEMP 39Ar 37Ar ----- K-derived---- ---- ca-derived---- C1-der Initial 
OC Decay Decay 40Ar 38Ar 37Ar 39Ar 3 8 A r  36Ar 3 6 A r  38Ar 

All values in counts, corrected for mass discrimination 

precision 
TEMP k TOT RAD APP APP F AGE intra- intra- inter 

C 39Ar YIELD K/Ca K/C1 (Ma) sample package pack2 

A 450 100.0 51.0 202.17 106 1.958 6.58 + .12 .12 .13 
Total gas K/Ca = 202.2 

Precisions are 1 sigma, measured in Ma. Measured 40/36 atm = 296.5 +.5 
J = 0.001865 + 0 . 2 5 %  (intra-package) + 0.50% (inter-package) 
Trap current factors- 40: 5.66 100: 2.62 200: 1 
Manifold factors- ALL: 1 SPLIT 1: 3.3 SPLIT 2: 10.89 SPLIT 3: 35.937 

n L L :  2 ESPLIT 1: 6.6 ESPLIT 2: 21.78 
sensitivity = 1.000E-17 % Reproducibility = . 2 5  Detection limit = 40 count 
Data reduced assuming initial 40136 = 295.50 -1- 0.00 
Ca-factors: 3637=2.6E-04+1.7E-06 3837=3.2E-05+2.4E-07 3937=6.7E-044-3.7E-06 
K-factors: 3739-O.OE+00+2.2E-03 3839=1.3E-02+2.4E-04 403915.7E-03i-4.0E-03 
l___d--l---ll-l-------d- ~ ~ ~ - - - - - - - - - - - - -  ---------I------------ ---------------------------54:4:-------4:1------------ 

J = 0.001865 + 0.25% SAMPLE WT = 0.0106 g 
-----------------------------------------------------------------------------. 

Initial & Potassium Chlorine Calcium 
TEMP radiogenic derived derived derived Initial AGE* * *  

C 4 0Ar 3 9 A r  38Ar 37- 3 6Ar in Ma 

Note: all gas quantities are in moles. No blank correction. 
* Ages calculated assuming initial@@~r/36~r = 295.5 + 0 
**  1-sigma precision estimates are for intra-sample reproducibility. 
**  1-siqma precision estimates for plateaux are for intra-irradiation packa 

reproducibility. 
***  below detection limit 
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