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ABsTRACT:  Zircons from 13 sediment samples from the Rhone and
Rhine drainages were dated by the fission-track method to study down-
stream changesin detrital fission-track grain-age distributionsin large
river systems draining the European Alps. The orogen-parallel Rhone
River shows a zircon fission-track grain-age distribution similar to that
in its Alpine source areas. This signal is well preserved because there
are Alpine sources along its full length and input from non-Alpine
sources is small. In contrast, only the headwaters of the north-flowing
Rhine River are located in the Alps. As a consequence, Alpine-derived
zircons, which are distinguished by young fission-track ages, become
progressively diluted downstream by older ages from zircon sources
external to the Alps. Nevertheless, the Alpine component is persistent
and can easily be detected in sediments more than 1000 km down-
stream at the Rhine delta. These results demonstrate that fission-track
dating of detrital zircons can provide useful information about oro-
genic processes, even wher e sediments have been transported hundreds
of kilometers from the orogenic source, crossing ephemeral lakes and
subsiding basins. Deposits along the lower reaches of the river appear
to have a short-residence time (< 1 Myr), and thus many of these
deposits serve to smooth out variationsin the supply of sediment from
fast-eroding heterogeneous sources in the Alpine headwaters of these
drainages. For the Rhone and the Rhine rivers, we show that fast ero-
sion in the Alps accounts for most of the sediment load. This finding
supports a widespread observation that the sediment in most large
continental drainagesis usually derived from a small part of the drain-
age, where uplift, relief, and erosion rates are greatest.

INTRODUCTION

Heavy-mineral assemblages have long been used in provenance studies
of sliciclastic sediments because they contain a wealth of information
about the source region, as well as transport processes (Pettijohn et al.
1987). In this respect, zircon is one of the most useful heavy minerals
because it is common in many source rocks, resistant to weathering and
abrasion, and datable by various methods. We focus here on dating of
detrital zircon grains using the fission-track (FT) method. Other methods,
such as “°Ar—°Ar dating of mica and potassium feldspar, have also proven
useful for detrital thermochronologic studies (e.g., Copeland and Harrison
1990; Heller et a. 1992). Hurford et a. (1984) conducted the first prove-
nance study using detrital zircon FT ages, and useful reviews on the prov-
enance aspect of detrital FT analysis can be found in Hurford and Carter
(1991), Carter (1999), and Garver et al. (1999). As a provenance method,
detrital FT dating provides information about the thermal and exhumational
history of the source region (Baldwin et a. 1986; Cerveny et a. 1988;
Brandon and Vance 1992; Garver and Brandon 1994a, 1994b; Lornegan
and Johnson 1998; Garver et a. 1999; Spiegel et a. 2000; Bernet et al.
2001; Stewart and Brandon 2003).

In this paper, we use modern orogenic sediments carried by two large
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rivers, the Rhone and Rhine rivers, from sources in the Alps to see whether
transport and storage in these continental-scale drainages have a detectable
influence on detrital zircon fission-track grain-age (FTGA) distributions.
Thisissueisimportant given that detrital thermochronology studies of oro-
genic regions tend to focus on marine sediments (e.g., shallow marine de-
posits, turbidites, etc.), which commonly are deposited at a distance from
the orogenic source. The advantage of using marine sediments for such
studies is that they are well mixed and thus are able to provide information
about the orogen at its largest scale. Furthermore, marine fossils provide
an independent method for determining depositional ages, in some cases
to a precision of = 1 Myr. Long transport represents a problem in that
sediments from the orogenic source are subject to storage, and reworking
within the river system, and dilution by sediments from tributary drainages.

We present here FT data for detrital zircons from 13 samples of modern
river sediments collected along the Rhéne and Rhine rivers (Fig. 1). Each
sampleis represented by a FTGA distribution composed of 60 to 100 grain
ages. An advantage of these riversisthat the bedrock within their drainages
has been studied widely by thermochronometric methods. In particular, the
distribution of zircon FT ages in bedrock exposures of the Alps is well
known (see Hunziker et a. 1992 and Bernet et a. 2001 for data and map
compilations). Thus, we can compare detrital zircon FTGA distributions
from river samples directly to modern bedrock cooling ages in the source
region (Fig. 2).

The Rhone and Rhine rivers have contrasting drainage patterns. The
Rhone River follows the curved front of the Swiss and French Alps, and
ultimately empties into the Mediterranean Sea. Thus, it receives Alpine
sediment aong its entire course. The Rhine River flows northward, per-
pendicular to the Alps, crossing the Rhine Graben and lowlands of Ger-
many and the Netherlands on its course to the North Sea. Both rivers are
interrupted by major lakes along their courses. Lake Geneva for the Rhone
River and Lake Constance for the Rhine River. These lakes provide an
opportunity to see how sediment storage might influence FTGA distribu-
tions.

RESEARCH OBJECTIVE

[deally, we would like the sample distribution of zircon FTGA to be an
unbiased representation of the distribution of zircon cooling ages exposed
over the area of the erosional source from which the zircons were derived.
This expectation is compromised by several factors. First is the fact that
the dated detrital zircons provide information about the age distribution
relative to yield of sediment, whereas the distribution of zircon FT agesin
the source region is usually viewed relative to the area of the source region.
Thus, one must make a clear distinction between a distribution of cooling
ages by area and by yield. Detrital zircon FTGA distributions are adways
determined relative to yield, so that the fastest and slowest eroding parts
of the source area will be overrepresented and underrepresented, respec-
tively, relative to the area that they occupied in the drainage.

A second factor is that zircon concentrations in different lithologies can
vary considerably. For instance, carbonates and mafic igneous rocks typi-
cally havelittle to no zircon, whereas quartz-bearing rocks typically contain
abundant zircon. This issue can usualy be assessed by inspection of geo-
logic maps of the source region. Also, local variations tend to average out
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Fic. 1.—Simplified map of the Rho "ne River and Rhine River drainages in central Europe. Labels for lakes and geologic features are identified in the legend. Labels for
sample locations are: Rhone drainage: A = middle Rhone River, B = Isére River, C = Drome River, D = Ardeche River, E = Durance River, and three from the
Rhone delta: F = Fos sur Mer, G = St Marie de la Mer, H = Plage de Piemonsan. Rhine drainage and associated areas: | = Inn River (Danube drainage, but included
here for comparison), J = Buchs on the Rhine River, K = Reuss River, L = Aare River, M = Worms on the Rhine River, and N = Rotterdam on the Rhine delta.
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if the active parts of the source region are large relative to the average
length scale for lithologic variation.

A third factor concerns the FT method, in that grains have to be large
enough (greater than about 70 wm) to be dated. Also, grains with very old
(> 500 Ma) or very young cooling (less than about 5 Ma) ages can be
difficult to date, depending on the uranium content, track density, and ra-
diation damage (Garver et a. 2000). In general, we have found that these
limitations are not a significant problem for most studies. Furthermore, it
is easy during dating to identify those samples where the FT method might
introduce a selection bias.

The influences discussed so far distort the relationship between the area
distribution of bedrock cooling ages in the source region and the yield
distribution of detrital cooling ages determined for a sediment sample.
However, these influences do not cause any shift in ages in the zircon
FTGA distribution. Some explanation is needed to appreciate this point.
Experience indicates that FTGA distributions of detrital zircons tend to
show clusters of ages. Individua clusters can commonly be correlated to
specific geologic regions in the source area, each with a characteristic FT
cooling age. Brandon and Vance (1992) referred to such regions as FT
source terranes. The clustering in the distribution can be formally analyzed
using the binomial peak-fitting method, which breaks the FTGA distribu-
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tion into a set of peaks or components, with each component defined by
an estimated age and size (Galbraith and Green 1990; Brandon 1992, 1996;
Stewart and Brandon 2003). A FT source terrane might be a rapidly ex-
humed metamorphic core complex, a short-lived volcanic province, or the
eroded core of an orogenic belt (e.g., Brandon and Vance 1992; Bernet et
a. 2001).

The conclusion so far is that the factors discussed above might influence
the relative sizes of peaks in distribution, but not the ages of the peaks. As
a result, our work in the Alps (Bernet et d. 2001) has emphasized pesk
ages rather than peak size, because peak ages are a more robust feature of
the zircon FTGA distributions. In particular, we have focused on the lag
time of the peaks, defined as the difference between FT peak age and
deposition. Lag time provides useful information about exhumation rates,
assuming that the FT ages record exhumation-related cooling, due to nor-
mal faulting or erosion (Garver and Brandon 1994a; Garver et a. 1999;
Bernet et a. 2001). This interpretation, however, assumes that the transport
time after exhumation, which is the time involved in moving the zircons
from the site of erosion to the site of deposition, is a negligible fraction of
the measured lag time. This issue has been addressed by comparing de-
positional ages to detrital zircon FT ages for volcanic zircons derived from
contemporaneous sources (Brandon and Vance 1992; Stewart and Brandon
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Fic. 2—Contour maps of zircon FT cooling ages in the: A) Rhone River and B) Rhine River drainage areas. The maps are based on a compilation of bedrock zircon
FT ages (Bernet et a. 2001). Note that contour intervals are different for each map and that data coverage in the lowlands is much less dense than that for the Alpine

highlands.

2003), and the transport times were insignificant in those cases. Nonethe-
less, there has been no examination yet about how large continental-scale
river systems might modify a detrital FTGA distribution. The main con-
cerns are that the distribution might become distorted because of recycling
of sediment from ephemeral deposits in floodplains, hillslopes, and lakes,
and aso by dilution from erosional sources distant from the main orogenic
source region.

SAMPLE PROCESSING

The 13 detrital zircon FTGA distributions presented here (Tables 1 and
2; also see data repository for single grain ages) were determined for sam-
ples from modern sand and gravel bars in the rivers and along the beach

for delta samples. For the Rhone drainage, we focused on the downstream
contribution of tributary sources. We sampled the Rhéne River initsmiddle
part below Lake Geneva and aso four large tributary drainages by col-
lecting sediment just upstream of their confluences with the main channel
of the Rhone River. Delta sediments were collected in three locations
around the mouth of the Rhdne River. For the Rhine drainage, we have
four samples that are used to characterize the Alpine part of the drainage,
and two other samples, one collected from the middle part of the river and
one collected from delta sediments near the mouth of the river.

All samples were collected from heavy-minera placer deposits and were
panned in the field to provide an initial concentrate of the heavy-mineral
fraction. In the laboratory, zircons were separated from the bulk samples
using standard heavy-liquid and magnetic separation techniques (Naeser

TasLE 1.—Best-fit age components for zircon FTGA samples from the Rhone drainage.

Location*
(upstream No. of Range
distance) Grains (Ma) P1 P2 P3 P4 P5 P6
Upper Rhone and tributaries (in order moving downstream)
A) middle of Rhone River (340 km) 100 8-138 88+ 19 162 + 15 300 %37 — 936 * 11 —
6% 52% 20% 22%
B) Isére River (230 km) 100 8-146 — 141+ 20 355+ 45 — 87.7+92 —
29% 38% 33%
D) ArdecheR. (135 km) 100 14-301 — — 239 + 36 — 103 + 11 181 + 37
% 4% 17%
E) Durance R. (105 km) 100 17-218 — — 303+ 42 704 * 132 107 + 16 —
12% 38% 50%
Rhone delta
F) Fos sur Mer (~0 km) 7 6-434 — 142 + 19 293 + 40 66.1 + 85 — 163 + 20
18% 17% 25.9% 39%
G) St Marie de la Mer (~0 km) 7 7-293 — 121+ 20 214 = 35 64.6 = 8.1 — 158 + 22
29% 29% 21% 21%
H) Plage de Piemonsan (~0 km) 80 5-301 — 101 + 13 231+30 540 + 75 112 + 15 —
28% 25% 24% 23%
F-H) Delta composite 228 5-434 - 117 + 13 241+ 27 645 + 6.8 - 154 + 16

26% 24% 26% 24%

* Sample C from the Drome River contained no zircon.
Note: Best-fit components are indicated by their mean ag

2 SE, followed by their estimated relative size (%) in the FTGA distribution. All samples were counted at 1250 dry (100X objective, 1.25 tube factor, 10X

e =+
oculars). Rhone delta samples were counted by B. Molitor (zeta (CN-5) of 359.9 + 12.71 (= 1 SE). The remaining samples were counted by M. Bernet using a zeta (CN-5) of 334.22 + 3.40 (= 1 SE).



ALPINE ZIRCON FISION-TRACK AGES IN THE RHONE AND RHINE RIVERS 85

TasLE 2.—Best-fit age components for zircon FTGA samples from the Rhine and related drainages.

Location
(upstream No. of Range
distance) Grains (Ma) P1 P3 P4 P5 P6
Inn drainage (representative of Alpine sources in the upper part of Rhine drainage)
1) Inn River (n.a) 60 16-252 — 179 + 36 275+ 84 492 + 45 103 + 24 —
15% 6% 70% 9%
Alpine part of Rhine drainage
J) Buchs, Rhine River (915 km) 60 12-160 — 16.6 = 25 264 * 34 — 102 + 16 —
41% 49% 10%
K) Reuss River (1005 km) 60 10-118 — 171+ 13 288 = 80 — 987 = 28 —
85% 10% 5%
L) Aare River (970 km) 60 9-244 — 161+ 15 — — 123+ 28 —
90% 10%
Lower part of Rhine drainage, including the Rhine delta
M) Worms, Rhine River (495 km) 60 9-188 - 172+ 18 331*39 — 131 £ 14 —
45% 23% 32%
N) Rotterdam, Rhine delta (20 km) 80 10-407 — 174 = 25 — — 90.2 + 18 155 = 23
17% 26% 57%
Note: See Table 1.

1976). Aliquots of separated zircons were mounted in 4 cm? Teflon® sheets
and then polished with 9 wm and 1 wm diamond paste to expose internal
zircon surfaces. Subsequently, the mounted zircons were etched in a
NaOH-KOH eutectic melt at 228°C in Teflon® dishes, in athermostatically
controlled laboratory oven. Following Naeser et d. (1987) and Garver et
al. (2000), we used the **multi-mount technique’” with 2 to 5 mounts per
sample to account for the fact that detrital zircons typically have a range
of cooling ages and uranium contents. For most samples, two mounts were
prepared. One mount was etched for 24 hours (long etch) and the other for
10 hours (short etch). Each mount contained 500-1000 zircons, depending
on available sample material. All mounts were irradiated at the Oregon
State University reactor, along with CN5 glass standards and Fish Canyon
Tuff and Buluk Tuff zircon standards (Hurford 1990).

For each mount, grains with flat surfaces were marked for counting using
reflected light at 125X magnification. The mounting process ensured that
grains were randomly distributed within the mounts with respect to their
cooling ages and uranium content, which helps to avoid sampling bias
when counting. Marked grains were counted at 1250 (dry) using an
Olympus BH-60 microscope. Our goa was typically about 60 to 100 dated
grains per sample, with a roughly equal proportion of dated grains from
each mount.

We saw little evidence of correlation between the countability of zircons
and their source. For instance, the long-etch and short-etch mounts gave
similar grain-age distributions. Thus, the FTGA distributions presented here
were constructed by combining grain ages from al mounts for each sample.
Note that our study contrasts with that of Cerveny et a. (1988) in that the
FTGA distributions for their detrital zircons were strongly influenced by
the amount of time that the zircon mount was etched. The reason is that
their samples, which were derived from fast-exhuming sources in the Him-
aaya, contained a large fraction of very young FT ages with low radiation
damage. As noted above, very young, low U zircons are difficult to date
because the low radiation damage means that they etch very slowly, so that
their fission tracks etched properly only after prolonged etch times (Naeser
et a. 1987; Kasuya and Naeser 1988).

THE RHONE DRAINAGE

The Rhone River flows from the Central Alps in Switzerland through
the Rhone graben until it reaches the Rhdne delta in the Gulf of Lyon in
the Mediterranean Sea (Fig.1). The total length of the Rhone River is
~ 810 km, and the total drainage area is ~ 99,000 km? (Allen 1997).
Sediment yield at the Rhone delta is currently ~ 60 X 10° kglyr (Allen
1997). An additional ~ 2.25 X 10° kglyr is currently being trapped up-
stream in ephemeral lakes and behind dams (see below). Thus, the total

modern yield on an open river would be ~ 62 X 10° kg/yr, which is
equivalent to an average erosion rate for the entire drainage of 0.23 mm/
yr, using a typica bedrock density of 2700 kg/m3. For comparison, long-
term erosion rates in the Alpine part of the drainage are about 0.4 mm/yr
(Bernet et al. 2001).

Approximately 60% of the Rhdne drainage lies in the Alps, and 40% is
in the Rhdne and Bresse grabens, parts of the Massif Central, and the Jura
Mountains. The main tributaries of the Rhone are: (1) the Sabne River,
which flows from the north, draining parts of the Bresse graben and the
Jura Mountains; (2) the Isere River, the Drome River, and the Durance
River, which drain the Western Alps; and (3) the Ardeche River, which
drains the Massif Central (Fig. 1). Van Andel (1955) showed that near the
Rhone delta, ~ 80% of the modern sediment load comes from Alpine
sources, and ~ 20% is derived from the Massif Central and Jura Moun-
tains.

The Drome and Sadne rivers drain areas underlain mainly by carbonate
bedrock, which commonly have a poor zircon yield (Poldervaart 1955).
Even after intense sampling, the Drome River provided only a trace of
zircon, which was not enough to be dated. For this reason, the Sabne River
was not sampled. Abundant datable zircon was found in al other sampled
tributaries, the Isere, Durance, and Ardeche rivers (Fig.1).

The Rhone and Bresse grabens started forming in the Oligocene, and
have accumulated sediment fairly steadily to the present, with an average
rate of 0.68 X 10° kg/yr and a Quaternary rate of 0.55 X 10° kg/yr (Hay
et a. 1992; Kuhlemann 2000). The grabens represent the largest sedimen-
tary basin within the Rhone drainage, but this sink accounts for < 1% of
the modern sediment flux moving through the drainage.

THE RHINE DRAINAGE

The Rhine River originates in the Central Alps of Switzerland and flows
northward through the Rhine graben and Renish massif until it reaches the
North Sea coast near Rotterdam (Fig.1). The Rhine has a total length of
~ 1360 km and a drainage area of ~ 225,000 km? (Allen 1997). The
modern sediment yield a the Rhine deltais ~ 3 X 10° kglyr (Asselman
1997). Another 3 X 10° kglyr is currently being trapped in Lake Constance
(Spreafico 1999). Therefore, the total modern yield without storage is
~ 6 X 10° kglyr, which is equivalent to an average erosion rate for the
entire drainage of 0.01 mm/yr.

The Alpine part of the Rhine is occupied by two tributaries to the west,
the Reuss and Aare rivers, and the main trunk of the Rhine River to the
east. In each case, the mountainous stretch of the river flows through a
glacialy scoured lake. The largest, Lake Constance, is located on the main
trunk of the Rhine. The other lakes are much smaller, Brienzer Lake and
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Thuner Lake on the Aare River, and Vierwaldstétter Lake on the Reuss
River. The Inn River, a tributary of the Danube River, occupies the next
drainage to the east of the Rhine River. We call attention to the Inn River
here because one of our samples was collected there, to provide more
information about spatial variations within the Alpine part of the Rhine
drainage.

The Alpine part of the Rhine, defined as the area above the confluences
of the Aare and Reuss rivers and above Lake Constance, makes up only
4% of the drainage, but it has the highest topography and fastest erosion.
Sediment trapped in Lake Constance represents mainly the yield from the
Alpine part of the drainage. Thus, we can conclude that haf of the long-
term yield of the Rhine comes from only 4% of the drainage area. This
conclusion does not account for the sediment trapped in the smaller Alpine
lakes noted above. The long-term area-averaged erosion rates are 0.12 mm/
yr or more for the Alpine part and 0.005 mm/yr for the lowland part of
the drainage, which is smaller by a factor of 24.

The Rhine graben represents the largest sedimentary basin within the
Rhine drainage. It was initiated during the Oligocene, but it appears to
have had a more punctuated history, asindicated by sediment accumulation
rates (Hay et a. 1992; Kuhlemann 2000). Quaternary accumulation rates
are 0.16 X 10° kglyr, which is equal to ~ 3% of the modern sediment
flux moving through the Rhine River. In comparison, accumulation rates
were fastest during the early Miocene, reaching 3.8 X 10° kg/yr, which is
equivalent to ~ 60% of the modern yield.

SEDIMENT STORAGE

Our objective in this paper is to understand how well zircon FTGA
distributions image the area distribution of zircon FT ages exposed in the
source region. Storage and reworking of sediments is thus an important
issue. There are two potentia problems that we need to consider. The first
is that storage can modulate the relative contribution of zircons from dif-
ferent parts of the drainage. The second is that reworking of stored sedi-
ment introduces zircons that have ‘‘aged” while in storage. Sites for stor-
age, such as lakes, dluvia banks, floodplains, and sedimentary basins, tend
to be more common in the lower reaches of a drainage. We can view this
storage as increasing the residence time of the sediment during transport
through the fluvial system. We discuss below glacia lakes, which are
scoured and filled on a glacia-interglacial time scale; the sediments in
those settings have a 50 to 100 kyr residence time.

A common feature of many rivers s cycles of aggradations and incision,
aternating on time scales of 1 kyr to 100 kyr (e.g., Bull 1991), which
means that some of the sediment stored adjacent to a river is reworked on
that time scale. Meandering of the river channel will aso cause reworking
of older floodplain deposits.

In fact, tectonic subsidence and significant accumulation in basin rocks
is the only way by which sediments can avoid recycling in terrestrial en-
vironments. The Rhine, Bresse, and Rhdne grabens are examples of long-
term storage caused by tectonic subsidence. Tectonic uplift can cause in-
version of basin sequences, resulting in the release of old sediments back
into the drainage system. An example of this situation is the uplift and
erosion of foreland basin strata along the northern and western foothills of
the Alps (Kuhlemann and Kempf 2002).

Thus, we make a distinction between temporary storage and long-term
storage. Storage is considered temporary if sediment is reworked within a
short time frame, here set to be about 1 Myr. This choice is based on the
fact that we cannot detect storage that is shorter than 1 Myr using our
zircon FT measurements. Other studies might focus on shorter-term vari-
ations in storage. For instance, cosmogenic studies of drainage-scale ero-
sion rates are sengitive to variations in storage on the 10 kyr time scale
(Schaller et al. 2001; Schaller et al. 2002).

Sediment Storage in Lakes

Lake Geneva on the Rhone River and Lake Constance on the Rhine
River provide good natural examples to evaluate the influence of storage.
Both lakes are Pleistocene in age and have formed by repeated scouring
and filling during glacial and interglacia events (Trimpy 1980; Jerz 1993;
Ehlers 1996). The largest scouring events are tied to the major glacia
advances in the Alps, occurring during the Mindel (~ 640-300 ka), Riss
(~ 265-100 ka), and Wirm (~ 70-12 ka) cold stages (Trimpy 1980; Jerz
1993; Ehlers 1996).

Lake Geneva has a current volume of 88.9 km? and an upstream drainage
area of 5200 km?. At present, the sediment accumulation rate in the lake
is ~ 2 X 10° kglyr (Spreafico 1999). Dams, built in the 1960s upstream
of the lake, currently accumulate ~ 0.25 X 10° kg/yr of sediment that
would otherwise end up in the lake (Loizeau et al. 1997). Given the present
total accumulation rate of ~ 2.25 X 10° kg/yr and a typical sediment
density of 1350 kg/m?, the lake would be filled in ~ 53 kyr.

Lake Constance has a volume of 48.5 km® and an upstream drainage
area of 6100 km? (Vetsch and Faeh 2001). At present, the lake accumulates
sediment at an average rate of 3 X 10° kglyr (Spreafico 1999). During
years with large floods, that rate can increase to 10 X 10° kg/yr. (Spredfico
1999). At the current accumulation rate, the lake would be filled in ~ 22
kyr.

These lakes are short-lived and thus represent ephemeral sediment stor-
ages. Current sediment storage started during deglaciation and will continue
until the lakes are filled by sediment or scoured again by a glacial advance.
Thus, the duration of the interglacial period, which has been < 30 kyr in
the Alps, indicates an even shorter lifespan for these lakes.

The youngest cooling ages in the Rhone and Rhine drainages lie in the
Central Alps, upstream of Lake Geneva, Lake Constance, Brienzer Lake,
and Vierwaldstatter Lake. At present, nothing coarser than silt makes it
through the lakes (Spreafico 1999). The principle of hydraulic equivalence
indicates that within that silt size fraction the zircon grains are haf the
diameter of the quartz and feldspar grains. The FT method requires zircons
that are greater than about 70 um (at least fine-grained sand size), but
zircons of this size are currently completely trapped. A key question is how
detrital zircon FTGA distributions in the modern river sediments down-
stream of these lakes have been affected by this trapping, which has been
going on since deglaciation, starting at ~ 12 ka.

Sediment Storage in River Channels and Floodplains

Floodplains and channel deposits are an additional source of sediment
aong the river. The distribution of Holocene deposits along the Rhone and
Rhine rivers provides a schematic illustration of the size of this storage
region (Fig. 3). We show below that Alpine zircons are present in modern
sediments carried by the Rhine, al the way to the mouth of the river,
despite the fact that Lake Constance is presently storing all datable Alpine
zircons. The Alpine zircons must be coming from reworking of stored
Alpine sediment, downstream of Lake Constance. Some simple calculations
are given here to provide some context for this problem.

Below Lake Constance, the area of Holocene deposits adjacent to the
Rhine is ~ 10,860 km?2, on the basis of an average width of 9.7 km and
ariver length of 1120 km. The modern volumetric flux of sediment at the
mouth of the Rhine River is 2.2 km3/kyr. If al of that flux were derived
by reworking of the Holocene deposits, it would be equivalent to an av-
erage erosion rate of 0.2 m/kyr. This rate indicates that the Holocene de-
posits are of sufficient size, relative to the sediment load carried by the
river, to play a role in buffering the delivery of Alpine-derived sediment
in the Rhine River.

The Rhone River is aso blocked by a glacial lake, Lake Geneva, but
the influence of this blockage is not so obvious in the zircon FTGA dis-
tributions given that there are other sources of Alpine sediment downstream



ALPINE ZIRCON FISSION-TRACK AGES IN THE RHONE AND RHINE RIVERS

30

A)Rhéne River, average width = 3.7 km

25 4 Rhone delta

20 A
average width below

Lake Geneva
5.0 km

Rhone Graben

Alps Lake
51 Geneva

Width of Holocene deposits (km)

. : I I
0 200 400 600

River length (km)

30
B) Rhine River, average width = 8.3 km
25 A
Rhine graben Netherlands
20 A

average width below
Lake Constance
9.7 km

Width of Holocene deposits (km)

T T T

400 600 800 1000 1200 1400

River length (km)

Fic. 3—Width of Holocene deposits aong the length of the: A) Rhone and B)
Rhine rivers. These data were derived from geologic maps. The average width of
Holocene deposits adjacent to the river channel was determined from 1:1,000,000
scale geologic maps (Geologische Karte der Bundesrepublik Deutschland 1993,
Carte Géologique de la France 1996). Holocene deposits in Lake Geneva and Lake
Constance are treated separately, and thus are not included here.

from Lake Geneva. Flood-plain deposits probably also play arole in buff-
ering sediment supply along the Rhone River. Below Lake Geneva, the
area of Holocene deposits adjacent to the Rhone River is ~ 2750 km?,
based on an average width of 5.0 km and a river length of 550 km. The
modern volumetric flux of sediment at the mouth of the Rhone River is 44
kmg/kyr. The Holocene deposits would have to be eroded at arate of 16.2
m/kyr to deliver that much sediment. From this, we conclude that the Rhone
has a much smaller buffer capacity, given its higher sediment flux and
smaller floodplain area.

RESULTS

The observed FTGA distributions are graphicaly illustrated using prob-
ability density plots (Figs. 4, 5), estimated by the Gaussian kernel method

—

Fic. 4—Probability density plots (Brandon 1996) of FTGA distributions and best-
fitted peaks (Galbraith and Green 1990) for the Rhone drainage. See samples A
through H in Table 1 and Figure 1 for further details.
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See samples | through N in Table 2 and Figure 1 for further details.
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Fic. 6.—Probability density plots of FTGA distributions for three samples from
the Rhone delta, used to show reproducibility of the distributions. See samples F,
G, and H in Table 1 and Figure 1 for further detalls.

(Brandon 1996). In al cases, the spread in grain ages within each distri-
bution is greater than expected for the analytical uncertainty of the ages
alone. In other words, all distributions are mixtures of different grain-age
components. The density plots show that these different components com-
monly appear as discrete well-defined peaks. These peaks or components
were estimated (Tables 1, 2) using the binomial peak-fitting method (Gal-
braith and Green 1990; Brandon 1992, 1996; Stewart and Brandon, 2003).

These results are compared with the geology of the drainages and the dis-
tribution of bedrock zircon FT ages.

The geology of the Rhdne and Rhine drainages indicates that the zircon
FT ages are related to exhumational cooling, associated with erosion or
normal faulting, and not to post-magmatic cooling. The closure temperature
for FT in zircon is about 240°C, assuming typica orogenic cooling rates
of ~ 15°C/Myr. (Brandon et al. 1998; Bernet et a. 2002). Steady exhu-
mation a a rate of ~ 1 mm/yr would give a closure depth of 6.5 km and
a surface cooling age of 6.5 Ma (Garver et a. 1999).

There has been no active volcanism in the Alps since the Oligocene, and
only minor Cenozoic mafic magmatism in surrounding regions. Within the
Rhdne and Rhine drainages, Cenozoic magmatism is limited to 15-3.5 Ma
basalts in the Massif Central of southeastern France (Pomerol 1980; Mi-
chon and Merle 2001), 15 Ma basdlts of the Kaiserstuhl, and the Vogels-
berg in the Rhine Graben, and upper Cenozoic basdlts in the East-Eifel and
the Neuwieder Becken in the Rhenish Massif (Wimmenauer 1985; Hen-
ningsen and Katzung 1992; Schonenberg and Neugebauer 1997). Given the
mafic basalt composition, zircon should be rare, if present at al. Another
check for young volcanic sources is euhedra zircon, but our samples con-
tain <<1% of such grains.

Zircon yield in a detrital sample is influenced by the distribution of
zircon-bearing rocks in the drainage. Zircon abundance is variable and de-
pends on rock type (Poldervaart 1955, 1956). Carbonate sedimentary rocks
and mafic igneous rocks have particularly low zircon concentrations. As
noted, some parts of the Rhone and Rhine drainages are dominated by
carbonates, and as a result contain little to no datable zircon (e.g., Drome
and Sadne rivers). The Alps and European lowlands have a mix of lithol-
ogies a the local scale, so that the zircon-concentration distribution in the
bedrock is probably fairly uniform at the scale of the Rhone and Rhine
drainages.

Samples from the Rhone Drainage

The youngest ages in our zircon FTGA distributions are from the middle
Rhone (peak P1 for sample A in Table 1), which is the most upstream
sample collected from the Rhdne drainage. The ~ 9 Ma peak is small,
making up 6% of the distribution, but it is well resolved. This peak can
only have been derived upstream of Lake Geneva, in the Central Alps (Fig.
2A), where norma faulting and erosion have exposed the most rapidly
exhumed parts of the Alps (Hurford 1986; Hunziker et a. 1992; Seward
and Mancktelow 1994; Bernet et al. 2001). This component may be small
because of zircon trapping in Lake Geneva, or because of the small area
of the source region with young zircon FT ages (Fig. 2A).

Alpine cooling ages, defined by zircons with ages less than ~ 30 to 35
Ma, dominate samples derived from the Central and Western Alps (A and
B in Table 1). About 30 to 50% of the zircons have ages of ~ 15 Ma (P2
in Table 1). This cooling age is common for rocks above the Simplon
normal fault in the Central Alps, and reflects long-term steady-state ex-
humation at rates of ~ 0.4 mm/yr (Bernet et a. 2001). Similar zircon FT
cooling ages are reported for the Western Alps for the Mont Blanc and
Pelvoux—Belledonne massifs (Seward and Mancktelow 1994; Fligenschuh
et al. 1999).

The Rhone FTGA samples show a distinct cluster of older Alpine cool-
ing ages at ~ 25 to 35 Ma (P3 in Table 1). Zircons with these FT ages
apparently were derived from more slowly exhumed metamorphic rocks
from the flanks of the Alps or from recycling of orogenic sediments from
the Alpine foredeep.

The Ardéche River drains the Massif Central and thus provides infor-
mation about the cooling history of that source area. Sample D from there
shows a small component of old Alpine ages (9% for P3, with a peak age
of 24 Ma). Otherwise the sample is dominated by old ages, with peaks at
~ 103 Ma (74%) and 180 Ma (17%).

The Durance River drains the southern part of the Western Alps. Bedrock
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Fic. 7.—Cumulative probability plots for FTGA distributions for the three Rhone
delta samples. Samples G and H have similar distributions, whereas sample F is
significantly different. The statistical significance of these differences was tested
using the KS statistic (Press et a. 1992), which is defined in terms of the maximum
difference in cumulative probability between two distributions. The KS statistic for
Fvs. His29%, for Fvs. G, 30%, and for G vs. H, 11%. The probability of observing
these values for random resampling is 0.2%, 0.3%, and 74%, respectively.

zircon FT ages are relatively old in this region (generdly > 50 Ma; Fig.
2A), indicating slow exhumation in this part of the Alps. The detrital-zircon
FTGA distribution for the Durance (E in Table 1) gives the same result,
with most of the ages concentrated in peaks at 70 Ma (38%) and 107 Ma
(50%).

The Rhdne delta is represented by three samples collected from widely
separated locations (F, G, and H in Fig. 1), spanning a distance of 50 km
across the delta front. These samples help illustrate the degree of variation
within the full population of detrital zircons in the delta sediments (Table
1, Fig. 6). The source of variation was evaluated using the KS test (Press
et al. 1992), which assesses the probability that differences between two
sample distributions might be due to chance aone. The KS statigtic is
defined by the maximum difference in probability between the cumulative
probability curves (Fig. 7). The differences between samples G and H are
small relative to the variation expected by random sampling. The KS test
indicates a 74% probability that the observed variation might be due to
random chance aone. Sample F, however, is significantly different than
the other two samples; the KS test indicates a probability of < 1% that
this variation might be due to random chance alone. Note, however that
al three samples have similar peaks, especialy the prominent Cenozoic
peaks a 12, 24, and 64 Ma. In fact, the main difference for sample F is
that there is a higher abundance of grain ages in the older peaks. This
difference in abundance of old grains could be related to short-term vari-
ation in sediment delivery from different parts of the source region.

The average zircon FTGA distribution for the Rhdne delta can be rep-
resented by merging the grain ages of al three of our delta samples (Delta
composite in Tablel; Fig. 8). The peak-fitting results for this composite
sample indicate that about haf of the zircons in the delta samples come
from sources with Alpine cooling ages.

The upstream samples are used to make a quantitative estimate of the
relative contribution of those sources to the zircon population at the Rhone
delta. For this analysis, we use a standard description for a mixture

p(7) = 2 mpy(7). (@)

In this case, we are using the probability density distributions p(7) to
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Fic. 8—Summary of best-fit results for mixture model for the composite Rhone
delta FTGA density distribution. The observed Rhone delta sample (black line) is
represented by samples F, G, and H combined. The predicted density plot is based
on results shown in Table 3, where upstream samples A, B, C, and E, are combined
as components to give a best-fit mixture for the downstream delta samples.

represent the FTGA samples, where density p is given as a function of FT
age 7. Equation 1 specifies that the density distribution of the mixture,
pw(7), is alinear combination of the density distributions of the compo-
nents of the mixture, p;(7), where the subscript indicates the ith component
of the mixture.

We use a constrained weighted |east-squares method to find best-fit es-
timates for the unknown proportions ;. The probability density values for
the FTGA distribution of the combined Rhone delta samples (F, G, H) are
used for the mixture variable p,(7) (i.e. the dependent variable), the prob-
ability density values for the four upstream samples (A, B, D, and E) are
the components of the mixture, p;(7) (i.e., independent variables). The ob-
served mixture densities p,,(7) are Poisson distributed and thus have stan-
dard errors proportiona to V p.(7), which could be used to calculate rel-
ative weights for the dependent variable. The best-fit solution is defined by
those values of 77; that minimize the misfit between observed and predicted
vaues of p.(7) (Fig. 8). The solution is constrained so that the mixing
proportions 7, are al positive and sum to 100%. The results are shown in
Table 3.

The mixture model emphasizes our previous conclusion, that most of the
zircons a the Rhone delta are derived from Alpine sources. In fact, our
estimate is nearly identical to that of Van Andel (1955) (reviewed above),
in that 77% of the zircons are coming from Alpine sources (Middle Rhone
and Isere) and 23% from non-alpine sources (Massif Central, as represented
by the Ardéche). Our analysis indicates that almost no zircons are derived
from the Western Alps (Durance). As noted above, the Western Alps retain
fairly old cooling ages (Fig. 2A), which suggests that, relative to the Central
Alps, exhumation has overal been slow in the southern Western Alps.

TasLe 3.—Best-fit mixture for zircons in Rhone delta sediments

Proportion (%)
Component of Mixture +1SE
A) Middle reach, Rhone River 40 +5
B) Isere River 37+6
D) Ardéche River 23=*5
E) Durance River 0+6
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Fie. 9.—Summary of best-fit results for mixture models for the Rhine drainage.
The downstream samples M from Worms and N from the Rhine delta at Rotterdam
are modeled as mixtures with the upstream samples J, K, and L representing the
components of the mixtures. The black lines show the observed density plots for
samples M and N, and the gray lines show the predicted density plots given by the
mixture calculation, as reported in Table 4. Note that we have allowed the solution
to account for the fact that we have no proxy for sources external to the Alps. The
difference between the observed and predicted density plots represents the estimate
of the contribution due to those external sources.

Samples from the Rhine Drainage

The Alpine source of the Rhine drainage is represented by four samples
(Table 2, Fig. 1 and 2B). Sample I, from the upper part of the Inn River,
comes from an areain the Alps just to the east of the upper Rhine drainage.
The upper Rhine drainage itself is represented by samples J, K, and L,
collected a Buchs on the Rhine River, and from the upper part of the
Reuss and Aare rivers, which flow into the Rhine. All samples have awell-
defined peak at ~ 17 Ma (Fig. 5). This young component comes from
fast-exhuming parts of the Central Alps, which, in this case, are the eastern
part of the Aar massif and the Gotthard massif (Hunziker et a. 1992).

TasLE 4.—Best-fit mixture for zircons in samples from the lower Rhine River

Proportion (%) + 1 SE

M) Worms, N) Rotterdam,
Component of Mixture Rhine River Rhine delta
J) Buchs, Rhine R. 50 +5 10+5
K) Reuss River 0=x7 0x7
L) Aare River 21+7 9+7
External sources 29+ 11 81+ 11

Samples | to L provide an east-to-west traverse of the Central Alps. Note
that the size of the 17 Ma peak increases from 15% to 90% from east to
west within this traverse (Table 2). This result reflects the fact that the
fraction of young reset rocks in the landscape increases from east to west
in the Central Alps. Three of the four samples show a variably developed
pesk at ~ 28 Ma. This peak is largest (49%) in the Buchs sample (Jin
Table 2). The Aar and Gotthard massifs represent the upstream source for
those zircons.

Two Alpine peaks (17 and 33 Ma) occur in sample M, located about
500 km downstream at Worms on the lower part of the Rhine River. This
result indicates that the Rhine graben (RG in Fig. 1) does not significantly
influence the transport of zircons.

Sample N, collected near Rotterdam on the Rhine delta, shows a small pesk
(17%) a 17 Ma, and no significant peek a 33 Ma. The Alpine component is
apparently reduced by dilution from older local sources (~ 150 Ma cooling
ages), mainly in the lower reach of the Rhine, below sample N.

The mixture model can be used again to calculate the relative contri-
butions of zircons from upstream sources to samples in the lower part of
the Rhine drainage. The components of the mixture, p,(7), are represented
by density distributions for Alpine samples J, K, and L, and these are used
to find best-fit mixtures for downstream density distributions p,(7) for
samples M and N. In this case, we fit for proportions 77; for three com-
ponents, but we note that we do not have an independent sample to rep-
resent the FT zircon component for sources externa to the Alps. We get
around this problem by removing the constraint that the best-fit proportions
r; sum to 100%. As a result, the external sources are represented by the
difference between the observed and calculated p,(7) (Fig. 9).

The results of our mixture calculation (Fig. 9, Table 4) indicate that the
fraction of Alpine zircons decreases from ~ 70% at Worms (sample M)
to ~ 20% at the Rhine delta (sample N). In both cases, the Alpine com-
ponent appears to be sourced above Buchs on the Rhine River and in the
Aare drainage as well. The mixture calculation indicates almost no contri-
bution from the Reuss River. The reason is that the Reuss sample has a
large 17 Ma peak (85%, Table 2), which makesit incompatible as amixture
component for the downstream samples.

We estimate that the non-Alpine source of zircon has an average FT age
of ~ 150 Ma. Mesozoic cooling ages are typica for old sedimentary and
crystaline rocks outside of the Alps. For instance, Koppen and Carter
(2000) report zircon FT ages from Triassic sandstone units of southwest
Germany, which range from 160 to 450 Ma with mean ages between 260
and 310 Ma. Detrital zircon FT ages from Oligocene sandstones in the
Rhine graben have detrital zircon FT ages that cluster around 80 and 150
Ma (Kuhlemann et a. 1999). Kuhlemann et al. (1999) estimated that zircon
FT ages from Hercynian basement in the Vosges and Black Forest uplifts
are about 250-300 Ma. There are no bedrock zircon FT ages for the Rhen-
ish Massif, but apatite FT ages of 130-240 Ma (Glasmacher et a. 1996)
indicate that detrital zircons from this area would probably have Mesozoic
cooling ages.

DISCUSSION

The results presented above indicate that FTGA distributions for detrital
zircon samples can provide reliable information about the thermal evolution
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of orogenic source regions, and that that information is preserved during
transport within continental-scale rivers over distances of 500 to 1000 km.
Two factors are responsible for this observation. First, much of the sedi-
ment transported within the drainages ultimately comes from the moun-
tainous part of the drainage, where uplift and erosion are the fastest. Sec-
ond, storage and recovery of sediment within the drainage servesto average
out variations in sediment yield due to short-term events, such as storms,
landdlides, and floods. Floodplains represent an important setting where
source variations are averaged out, because of aggradation and incision
cycles, and river meandering. Cyclic scouring and filling of glacia lakes
in front of the Alps is another process that averages out variations in sed-
iment supplied from the source.

Temporary zircon storage within the drainage might significantly in-
crease lag time, which is the amount of time between closure of the FT
age and deposition. This question can be addressed in two ways. Let's start
with a conceptual approach.

Consider the drainage as a system with influx controlled by erosion and
outflux by discharge of sediment at the river mouth. The volume of the
system is defined by the volume of actively moving sediment within the
drainage. For this system, flux steady state is defined when the influx and
outflux become equal, at which point the volume of the system remains
steady. The residence time—the average time for materia to move through
the system—is defined at steady state by the volume of the system divided
by the flux through the system (e.g., Rodhe 1992). Thus, a system with a
high flux and a low volume has a short residence time at steady state. The
time to steady state is dependent on the influx of sediment and the system
volume at steady state. Thus, given a perturbation, a system returns to
steady state more quickly if it has a higher influx or a smaller volume a
steady state.

The system volume—that is the volume of sediment actively moving
downstream with the system—is poorly known but is bounded between 50
to 15,000 km? (assuming an average density of 1350 kg/m? for the sedi-
ment). The lower limit represents the size of the glacial lakes on the Rhone
and the Rhine rivers, whereas the upper limit represents the total volume
of Cenozoic sediment along the Rhine, as estimated by Ziegler (1982). The
Rhdne-Bresse grabens hold about 12,300 km? of Cenozoic sediment, and
the Rhine graben, about 7,750 km?3 (integrated from Hay et a. 1992). The
modern flux of eroded sediment is 46 X 10° and 4 X 10% m3/yr for the
Rhone River and the Rhine River, respectively. Using the range of sediment
volumes above, these flux values indicate that the residence times for sed-
iment transported in these rivers is in the range 1 kyr to 3.75 Myr.

The FT data provide another perspective on this issue. If the residence
timefor zirconsin the river islong, then peak ages should get progressively
older downstream. Peak ages reported in Tables 1 and 2 have large uncer-
tainties, equal to about 10 to 15% of the age at the 95% confidence level.
The uncertainties for FT ages increase proportiona to age, so relative un-
certainties are useful in that they are approximately constant, independent
of age. Thus, our youngest peak ages have the best precision. The Rhone
River samples show a dlight decrease in peak age downstream, opposite of
expected for along residence time. The Rhdne River, however, is compli-
cated because it has young sources of zircon along alarge part of itslength.
The Rhine River is a better test because it drains northward, away from
the young Alpine sources. Linear regression of P2 ages as a function of
upstream distance (Fig. 10) indicate that the P2 peak age increases by 0.8
+ 1.2 Myr (68% confidence interval) over the 1000 km distance repre-
sented by our samples. Therefore, residence time is not significantly dif-
ferent from zero. Nonetheless, we use the best-estimate residence time to
illustrate how this quantity relates to the effective transport volume for the
river system. The residence time of 0.8 Myr times the flux of sediment
through the system (4 X 108 mé/yr) would imply an effective volume of
actively transporting sediment equal to 3200 km2. This transport volume
can be visualized as equivaent to moving the upper 280 m of Holocene
sediment adjacent to the Rhine (which covers an area of 11,400 km?, Fig.
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Fic. 10—A weighted regression showing the FT age for the P2 peak from the
Rhine drainage as a function of distance from the mouth of the Rhine. The regression
shows a dlight increase in age downstream, equal to 0.8 Myr over 1000 km. How-
ever, the one standard error uncertainty for that estimate, 1.2 Myr, means that the
downstream increase is not significant at the 68% level.

3). The average downstream velacity is slow, of course, equal to 1.25 km
per thousand years (assuming that the 0.8 Myr residence time estimate is
correct).

This analysis has implications for detrital FT thermochronology. In areas
where cooling ages reflect exhumation (i.e., not magmatic or volcanic
sources), lag times for detrital FT zircons can range from a few million
years (e.g., Himalayan sources; Cerveny et a. 1988) to 8 Myr and longer
in the Alps (Bernet et a. 2001). For scale, a typical exhumation rate of 1
mm/yr would give zircon FT cooling ages of ~ 7 Ma, given a geothermal
gradient of 30°C/km (Garver et a. 1999). In comparison, the residence
time of zircons during fluvia transport is below the level of uncertainty of
the FT ages themselves (i.e., < 1to 2 Myr). Thus, we can anticipate that
FT lag times for detrital zircons are controlled by the time needed to ex-
hume the zircons from their closure depth and that the additional time for
transport is commonly negligible.

Our focus in this discussion has been on the average time for transport
of zircon through the drainage system. Clearly, there will be variance
around the average. Thus, residence time might be short, but variance could
be very large. At present, it is not possible to provide any direct assessment
of this question. We note, however, that a large variance would tend to
smooth out the probability density distributions (i.e., diffusive smoothing).
In other words, individua peaks would tend to broaden downstream. Our
present data show no evidence of peak broadening, so variations in resi-
dence time does not seem to be a significant issue for FT studies of detrital
zircons.

CONCLUSIONS

This study of the Rhone and Rhine drainages shows that detrital zircon
FT ages from river and delta sediments do give a reliable and persistent
record of the cooling history of the source region from which they were
eroded. The fluvial system helps average out short-term variations in sed-
iment transport. As a result, the zircon FTGA distribution provides along-
term average of the yield of zircons from the erosional source region. Fur-
thermore, storage within the drainage does not appear to have a significant
influence on the FTGA distributions. The reason is that average residence
time for sediment moving through the drainage appears to be very short
(< 1 Myr) relative to the uncertainties in the FT ages. The short residence
time is a consequence of the fact that sediment discharge is large compared
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to the volume of actively moving sediments within the drainage. Thus, the
lag time between FT closure and deposition provides a good estimate of
the time needed to exhume the zircons from their FT closure depth. This
result isimportant because it supports the use of FT lag times as an estimate
of exhumation rates in studies of ancient orogenic settings (Garver et al.
1999; Bernet et a. 2001).

A fina conclusion is that the Alps have a large influence on the com-
position of the zircon FTGA distribution in the Rhine and the Rhone, even
after 500 to 1000 km of transport. This result reflects the generally observed
fact that the sediment yield in continental drainages is commonly domi-
nated by mountainous parts of the drainage where uplift and erosion are
fastest. Thus, we can be confident that the cooling information by FTGA
distributions from old orogenic sediments mainly reflects the thermal and
exhumational history of orogenic areas within the drainage.
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Data archive for detrital zircon fission-track ages from:

Rhone River

Isere River

Ardeche River

Durance River

Rhone delta (3 samples)
Aare River

Reuss River

Rhine River (near Buchs)
Rhine River (near worms)
Rhine delta (near Rotterdam)
Inn River

ZetaAge Program v. 4.7 (Brandon 6/24/97)

0
DATE/TIME: 11-23-1999/16:57:27 FILENAME: C:\YALE\FT\BERNET\99MB1l.FTZ
Field# 99MB11 Middle Rhone RR: U14Y-28/29 0SU (combined etch)

>>NEW PARAMETERS--ZETA METHOD<<

EFFECTIVE TRACK DENSITY FOR FLUENCE MONITOR (tracks/cmA2): 2.313E+05
RELATIVE ERROR (%): 2.89
EFFECTIVE URANIUM CONTENT OF MONITOR (ppm): 12.30
ZETA FACTOR AND STANDARD ERROR (yr cmA2): 333.87 7.68
SIZE OF COUNTER SQUARE (cmA2): 6.540E-07
—————— GRAIN AGES IN ORIGINAL ORDER ------
Grain Rhos (Ns) RhoI (Ni) squares U+/-2s Grain Age (Ma)
no. (cmA-2) (cmA=-2) Age --95% CI--
1 1.38e+06 ( 18) 5.66E+06 ( 74) 20 301 72 9.5 5.3 15.9
2 8.79e+06 ( 115) 2.45e+06 ( 32) 20 130 46 136.8 92.0 209.7
3  6.01E+06 ( 59) 1.42e+07 ( 139) 15 753 135 16.4 11.8 22.5
4  7.19e+06 ( 94) 6.42E+06 ( 84) 20 342 77 43.1 31.6 58.8
5 7.65E+06 ( 75) 1.21E+07 ( 119) 15 645 124 24.3 17.9 32.9
6 3.90E+06 ( 51) 1.01E+07 ( 132) 20 537 98 14.9 10.5 20.8
7 4.59e+06 ( 90) 1.07e+07 ( 210) 30 569 85 16.5 12.8 21.3
8 1.00E+07 ( 131) 2.83e+06 ( 37) 20 150 50 134.8 93.1 200.4
9 6.93E+06 ( 68) 2.03e+07 ( 199) 15 1079 165 13.2 9.9 17.5
10 5.12e+06 ( 67) 1.19E+07 ( 155) 20 630 107 16.7 12.3 22.5
11 6.69e+06 ( 70) 8.41E+06 ( 88) 16 447 99 30.7 22.0 42.6
12 7.57e+06 ( 99) 1.95E+07 ( 255) 20 1037 143 15.0 11.7 19.1
13 7.57e+06 ( 99) 2.37e+06 ( 31) 20 126 45 121.7 80.8 189.0
14 9.33e+06 ( 61) 1.76E+07 ( 115) 10 935 182 20.5 14.7 28.3
15 1.04e+07 ( 68) 1.12e+07 ( 73) 10 594 143 35.9 25.3 50.8
16 1.00e+07 ( 197) 1.52E+07 ( 298) 30 808 105 25.4 21.0 30.9
17 5.20e+06 ( 34) 1.07e+07 ( 70) 10 569 140 18.8 12.0 28.7
18 1.39e+07 ( 91) 9.94E+06 ( 65) 10 529 134 53.8 38.6 75.5
19 7.77e+06 ( 61) 1.98E+07 ( 155) 12 1050 179 15.2 11.0 20.7
20  4.79e+06 ( 94) 1.40E+07 ( 274) 30 743 99 13.2 10.3 16.9
21 7.72e+06 ( 101) 2.14e+06 ( 28) 20 114 43 137.2 89.8 217.1
22 7.22e+06 ( 118) 1.70E+07 ( 278) 25 904 120 16.3 13.0 20.5
23 5.16E+06 ( 54) 1.52E+07 ( 159) 16 808 136 13.1 9.4 18.0
24 6.98E+06 ( 137) 1.62E+07 ( 318) 30 862 109 16.6 13.4  20.5
25 3.52e+06 ( 46) 1.74e+07 ( 228) 20 927 134 7.8 5.5 10.8
26 4.36e+06 ( 57) 1.06E+07 ( 139) 20 565 101 15.8 11.4 21.8
27 3.26e+06 ( 64) 9.58E+06 ( 188) 30 510 80 13.1 9.8 17.5
28 5.99E+06 ( 98) 1.26E+07 ( 206) 25 670 101 18.3 14.3  23.5
29  8.10E+06 ( 53) 1.38e+07 ( 90) 10 732 160 22.7 15.8 32.4



30 6.04E+06 ( 79) 1.62E+07 ( 212) 20 862 128 14.3 11.0 18.7
31 6.50E+06 ( 85) 1.77E+07 ( 231) 20 939 135 14.2 10.9 18.3
32 1.63E+07 ( 96) 9.17e+06 ( 54) 9 488 135 68.2 48.2 97.4
33 3.44e+06 ( 27) 9.17E+06 ( 72) 12 488 118 14.5 8.9 22.9
34  9.79E+06 ( 64) 1.47e+07 ( 96) 10 781 165 25.7 18.3 35.8
35 5.80E+06 ( 91) 1.54E+07 ( 242) 24 820 115 14.5 11.3 18.6
36 1.22e+07 ( 128) 3.34E+06 ( 35) 16 178 61 139.2 95.3 209.0
37 4.18E+06 ( 82) 5.25E+06 ( 103) 30 279 57 30.7 22.5 41.6
38 1.35e+07 ( 132) 3.87E+06 ( 38) 15 206 67 132.3 91.7 195.7
39 6.54E+06 ( 77) 1.39e+07 ( 164) 18 741 123 18.1 13.7 23.9
40 5.28E+06 ( 69) 9.86E+06 ( 129) 20 524 97 20.6 15.1  28.0
41 5.54E+06 ( 145) 1.03E+07 ( 269) 40 547 74 20.7 16.8 25.7
42 1.22E+07 ( 72) 5.78E+06 ( 34) 9 307 106 81.1 53.2 126.1
43 4.36E+06 ( 57) 6.88E+06 ( 90) 20 366 80 24.4 17.1 34.5
44 5.05e+06 ( 66) 1.54e+07 ( 201) 20 817 124 12.6 9.5 16.8
45 3.06E+06 ( 40) 8.18E+06 ( 107) 20 435 88 14.5 9.7 21.0
46 7.03E+06 ( 69) 1.56E+07 ( 153) 15 829 142 17.3 13.0 23.2
47 5.27E+06 ( 62) 1.29e+07 ( 152) 18 687 118 15.8 11.5 21.4
48 6.22E+06 ( 122) 1.52E+07 ( 298) 30 808 105 15.8 12.6 19.7
49 7.01E+06 ( 55) 7.01E+06 ( 55) 12 373 102 38.5 25.9 57.2
50 3.87E+06 ( 38) 7.54E+06 ( 74) 15 401 96 19.8 13.0 29.8
0 ZetaAge Program v. 4.7 (Brandon 6/24/97)
DATE/TIME: 11-23-1999/16:57:27 FILENAME: C:\YALE\FT\BERNET\99MB1l1l.FTZ
Field# 99MB11 Middle Rhone RR: U14Y-28/29 0SU (combined etch)
>>NEW PARAMETERS--ZETA METHOD<<
EFFECTIVE TRACK DENSITY FOR FLUENCE MONITOR (tracks/cmA2): 2.313E+05
RELATIVE ERROR (%): 2.89
EFFECTIVE URANIUM CONTENT OF MONITOR (ppm): 12.30
ZETA FACTOR AND STANDARD ERROR (yr CmA2): 333.87 7.68
SIZE OF COUNTER SQUARE (cmA2): 6.540E-07
—————— GRAIN AGES IN ORIGINAL ORDER ------
Grain RhosS (Ns) RhoI (Ni) squares U+/-2s Grain Age (Ma)
no. (cmA-2) (cmA=-2) Age --95% CI--
51 3.87E+06 ( 38) 1.07E+07 ( 105) 15 569 116 14.0 9.3 20.5
52 1.02E+06 ( 20) 3.67E+06 ( 72) 30 195 47 10.8 6.2 17.9
53 7.65E+05 ( 10) 2.60E+06 ( 34) 20 138 48 11.5 5.0 23.5
54  8.15e+05 ( 16) 3.01E+06 ( 59) 30 160 42 10.5 5.6 18.5
55 1.83E+06 ( 24) 7.95E+06 ( 104) 20 423 86 9.0 5.4 14.0
56 3.24e+06 ( 53) 7.52E+06 ( 123) 25 400 76 16.7 11.8 23.2
57 4.65E+06 ( 76) 2.57E+06 ( 42) 25 137 43 69.4 46.9 104.0
58 2.80E+06 ( 55) 5.10E+06 ( 100) 30 271 56 21.2 14.9 29.9
59 1.99e+06 ( 52) 4.51E+06 ( 118) 40 240 46 17.0 12.0 23.9
60 1.38E+06 ( 18) 3.59e+06 ( 47) 20 191 57 14.9 8.1 26.0
61 5.02E+06 ( 82) 9.36E+06 ( 153) 25 498 85 20.6 15.6 27.2
62 6.46E+06 ( 38) 3.40E+06 ( 20) 9 181 80 72.7 41.4 132.1
63 2.60E+06 ( 34) 6.04E+06 ( 79) 20 321 74 16.6 10.7 25.2
64 4.30E+06 ( 45) 5.93E+06 ( 62) 16 315 82 28.0 18.6 41.9
65 4.20E+06 ( 55) 6.96E+06 ( 91) 20 370 80 23.3 16.3 33.1
66 3.00E+06 ( 49) 6.67E+06 ( 109) 25 355 71 17.4 12.1 24.6
67 3.21E+06 ( 42) 6.12E+06 ( 80) 20 325 75 20.3 13.5 29.9
68 1.83E+06 ( 12) 7.03E+06 ( 46) 10 374 112 10.2 4.8 19.4
69 7.95E+05 ( 13) 3.43E+06 ( 56) 25 182 50 9.0 4.5 16.6
70 1.61E+06 ( 21) 6.35E+06 ( 83) 20 337 76 9.8 5.7 16.0
71 7.16e+06 ( 117) 4.10E+06 ( 67) 25 218 55 67.0 49.0 92.3
72 2.70E+06 ( 53) 6.88E+06 ( 135) 30 366 66 15.2 10.8 21.1
73 4.64E+06 ( 91) 1.48E+06 ( 29) 30 79 29 119.6 78.2 188.9
74 5.05e+06 ( 99) 2.65E+06 ( 52) 30 141 40 73.0 51.6 104.6
75 3.44e+06 ( 36) 6.12E+06 ( 64) 16 325 83 21.7 14.0 33.2
76 2.83E+06 ( 37) 6.42E+06 ( 84) 20 342 77 17.0 11.2 25.4
77 4.64E+06 ( 91) 5.15e+06 ( 101) 30 274 57 34.5 25.8 46.2
78 9.05e+06 ( 71) 2.68E+06 ( 21) 12 142 62 128.5 78.5 220.6
79 1.12e+06 ( 22) 4.54E+06 ( 89) 30 241 53 9.6 5.7 15.4
80 2.75e+06 ( 36) 5.28E+06 ( 69) 20 281 69 20.2 13.0 30.6
81 5.05e+06 ( 99) 5.56E+06 ( 109) 30 295 59 34.8 26.3 46.1
82 8.69E+06 ( 142) 4.10E+06 ( 67) 25 218 55 81.2 60.1 110.8
83 5.99e+06 ( 98) 2.20E+06 ( 36) 25 117 39 104.0 70.3 157.3
84 6.63E+06 ( 52) 9.17e+06 ( 72) 12 488 118 27.9 19.0 40.5
85 2.29E+06 ( 30) 3.06E+06 ( 40) 20 163 52 28.9 17.3 47.7



86 5.18E+06 ( 44) 5.29E+06 ( 45) 13 281 85 37.7 24.2 58.5
87 3.82E406 ( 75) 1.33E+06 ( 26) 30 70 28 110.0 69.8 179.5
88 9.38E+06 ( 92) 5.30E+06 ( 52) 15 282 79 67.9 47.7 97.7
89 4.28E+06 ( 56) 2.06E+06 ( 27) 20 110 42 79.3 49.4 131.0
90 5.79e+06 ( 53) 3.39E+06 ( 31) 14 180 65 65.5 41.3 105.9
91 2.50E+06 ( 49) 5.20E+06 ( 102) 30 276 57 18.6 12.8 26.4
92 1.41E+06 ( 23) 3.36E+06 ( 55) 25 179 49 16.2 9.4 26.8
93 1.83E+06 ( 24) 2.06E+06 ( 27) 20 110 42 34.3 18.9 61.7
94 1.78E+06 ( 35) 4.23E+06 ( 83) 30 225 51 16.3 10.6  24.5
95 3.67E4+06 ( 36) 5.30E+06 ( 52) 15 282 79 26.7 16.9 41.7
96 6.63E+06 ( 130) 2.34E+06 ( 46) 30 125 37 108.0 76.5 155.1
97 2.19e+06 ( 43) 2.34E+06 ( 46) 30 125 37 36.0 23.1 55.9
98 3.52E+06 ( 46) 4.13E+06 ( 54) 20 220 61 32.8 21.6 49.7
99 1.17e+406 ( 23) 5.50E+06 ( 108) 30 293 59 8.3 5.0 13.0
100 2.52E+06 ( 33) 4.89E+06 ( 64) 20 260 67 19.9 12.6 30.8
0 ZetaAge Program v. 4.7 (Brandon 6/24/97)
DATE/TIME: 11-23-1999/16:57:27 FILENAME: C:\YALE\FT\BERNET\99MB1l1l.FTZ
Field# 99vMB11l Middle Rhone RR: U1l4Y-28/29 0SU (combined etch)
Number of grains = 100
MEAN URANIUM CONCENTRATION +/-2SE (ppm): 407.1, 24.8
POOLED AGE WITH 63% CONF. INTERVAL(Ma): 24.3, 23.4 -- 25.3 ( -1.0 +1.0)
95% CONF. INTERVAL(Ma): 22.5 -- 26.3 ( -1.8 +2.0)
CHIA2 PROBABILITY: 0.0%
CHIA2, DEGREES OF FREEDOM: 1.9568E+03, 99
CENTRAL AGE WITH 63% CONF. INTERVAL(Ma): 26.5, 24.4 -- 28.8 ( -2.1 +2.3)
95% CONF. INTERVAL(Ma): 22.6 -- 31.2 ( -3.9 +4.6)
AGE DISPERSION (%) : 71.5
CHIA2 AGE WITH 63% CONF. INTERVAL (Ma): 14.7, 14.1 -- 15.4 ( -0.6 +0.7)
95% CONF. INTERVAL (Ma): 13.5 -- 16.1 ( -1.2 +1.3)
NUMBER AND PERCENTAGE OF GRAINS: 50, 50%
Total range for grain ages = 7.85 to 138.27 Ma

———————————————————————— PARAMETERS FOR BEST-FIT PEAKS------=-=-=-=-==-————————————-
{standard error for peak age includes group error}

{Peak width is for PD plot assuming a kernel factor = 0.60}
PEAK ----PEAK AGE & CONF. INTERVAL (MA)---- PEAK WIDTH --GRAINS IN PEAK----
NUMBER  MEAN (----63% CI---) (----95% CI---) w(z) FRAC(%) SE(%) COUNT
1) 8.8 ( -0.9 +1.0) ( -1.7 +2.1) 0.26 5.9 3.1 5.9
2) 16.2 ( -0.7 +0.7) ( -1.4 +1.5) 0.18 52.2 5.7 52.2
3) 30.0 ¢ -1.8 +1.9) ( -3.5 +3.9) 0.19 20.2 4.5 20.2
4) 93.6 ( -5.2 +5.5) ( -10.0 +11.2) 0.22 21.7 4.2 21.7
TOTAL: 100.0 100.0
LOG-LIKELIHOOD FOR BEST FIT = -4.4597E+02
CHI-SQUARED VALUE FOR BEST FIT = 1.0164E+02
REDUCED CHI-SQUARED VALUE = 1.0930E+00
DEGREES OF FREEDOM FOR FIT = 93
CONDITION NUMBER FOR COVAR MATRIX = 24.60
NUMBER OF ITERATIONS = 8
0 ZetaAge Program v. 4.7 (Brandon 6/24/97)
DATE/TIME: 10-29-2000/17:17:37 FILENAME: D:\BERNET\99MB12.FTZ
Field# 99vMB12 Isere RR: Ul4Y-26/27 and Ul6z-28 OSU
>>NEW PARAMETERS--ZETA METHOD<<
EFFECTIVE TRACK DENSITY FOR FLUENCE MONITOR (tracks/cmA2): 2.335E+05
RELATIVE ERROR (%): 2.86
EFFECTIVE URANIUM CONTENT OF MONITOR (ppm): 12.30
ZETA FACTOR AND STANDARD ERROR (yr cmA2): 333.87 7.68
SIZE OF COUNTER SQUARE (cmA2): 6.540E-07
—————— GRAIN AGES IN ORIGINAL ORDER ------
Grain Rhos (Ns) RhoI (Ni) squares U+/-2s Grain Age (Ma)

no. (cmA-2) (cmA-2) Age --95% CI--



1 1.22e+06 ( 24) 4.84eE+06 ( 95) 30 255 54 9.9 6.0 15.6
2 2.37e+06 ( 31) 7.11E+06 ( 93) 20 375 80 13.0 8.3 19.8
3 4.66E+06 ( 61) 1.07e+07 ( 140) 20 564 100 17.0 12.3 23.2
4 9.43e+06 ( 74) 6.50E+06 ( 51) 12 342 97 56.3 38.8 82.4
5 1.22E+06 ( 16) 6.04E+06 ( 79) 20 318 74 8.0 4.3 13.7
6 8.26E+06 ( 108) 4.20E+06 ( 55) 20 221 61 76.0 54.3 107.6
7 2.75e+06 ( 36) 8.56E+06 ( 112) 20 451 89 12.6 8.3 18.5
8 4.66E+06 ( 61) 7.80E+06 ( 102) 20 411 84 23.3 16.6 32.4
9 4.59e+06 ( 24) 7.07e+06 ( 37) 8 373 124 25.3 14.4 43.4
10 3.82E+06 ( 50) 1.19e+07 ( 156) 20 628 107 12.5 8.9 17.4
11  5.76e+06 ( 113) 5.86E+06 ( 115) 30 309 60 38.0 29.1 49.7
12 3.06E+06 ( 40) 6.12E+06 ( 80) 20 322 74 19.5 12.9 28.9
0 ZetaAge Program v. 4.7 (Brandon 6/24/97)
DATE/TIME: 10-29-2000/17:17:37 FILENAME: D:\BERNET\99MB12.FTZ
Field# 99vMB12 Isere RR: Ul4Y-26/27 and Ul6z-28 OSU
>>NEW PARAMETERS--ZETA METHOD<<
EFFECTIVE TRACK DENSITY FOR FLUENCE MONITOR (tracks/cmA2): 2.554E+05
RELATIVE ERROR (%): 2.83
EFFECTIVE URANIUM CONTENT OF MONITOR (ppm): 12.30
ZETA FACTOR AND STANDARD ERROR (yr cmA2): 333.87 7.68
SIZE OF COUNTER SQUARE (cmA2): 6.540E-07
—————— GRAIN AGES IN ORIGINAL ORDER ------
Grain Rhos (Ns) RhoI (Ni) squares U+/-2s Grain Age (Ma)
no. (cmA-2) (cmA-2) Age --95% CI--
13 1.44e+07 ( 189) 8.41E+06 ( 110) 20 405 80 72.5 56.8 92.5
14 9.17e+06 ( 36) 2.55e+06 ( 10) 6 123 76 150.0 74.0 338.7
15 3.57E4+06 ( 21) 5.10E+06 ( 30) 9 245 90 29.9 16.2 53.9
16 7.80E+06 ( 102) 5.05E+06 ( 66) 20 243 61 65.5 47.5 91.1
17 2.91e+06 ( 38) 4.97E+06 ( 65) 20 239 61 24.9 16.2 37.8
18 1.07e+07 ( 112) 3.92e+06 ( 41) 16 189 60 115.2 79.9 169.5
19 8.54E+06 ( 67) 5.48E+06 ( 43) 12 264 81 66.0 44.3 99.5
20 8.51E+06 ( 89) 7.45e+06 ( 78) 16 359 84  48.5 35.2 66.9
21  5.43e+06 ( 71) 4.89E+06 ( 64) 20 236 60 47.1 33.0 67.4
22 5.66E+06 ( 74) 5.28E+06 ( 69) 20 254 63 45.6 32.3 64.5
23 1.09e+07 ( 64) 4.42e+06 ( 26) 9 213 84 103.8 65.0 170.9
24 3.31E+06 ( 26) 6.75E+06 ( 53) 12 325 91 21.0 12.5 34.1
25 6.12E+06 ( 64) 6.79E+06 ( 71) 16 327 79 38.4 26.8 54.7
26 7.44e+06 ( 73) 3.67E+06 ( 36) 15 177 59 85.7 56.8 131.9
27 2.38e+06 ( 14) 3.06E+06 ( 18) 9 147 69 33.2 15.2 70.4
28 1.70E+06 ( 10) 3.91E+06 ( 23) 9 188 78 18.7 7.9 40.5
29 1.04e+07 ( 82) 7.14e+06 ( 56) 12 344 93 62.1 43.6 89.2
30 4.93e+06 ( 29) 6.63E+06 ( 39) 9 319 103 31.7 18.8 52.6
31 1.08e+07 ( 85) 6.50E+06 ( 51) 12 313 89 70.6 49.2 102.3
32 1.14e+07 ( 186) 3.55E+06 ( 58) 25 171 46 135.1 100.0 185.3
33 8.79e+06 ( 92) 3.63e+06 ( 38) 16 175 57 102.2 69.4 153.8
34 3.82E+06 ( 30) 3.82E+06 ( 30) 12 184 67 42.5 24.7 73.1
35 2.06e+06 ( 27) 6.57E+06 ( 86) 20 317 70 13.4 8.3 20.9
36 5.73E+06 ( 45) 5.61E+06 ( 44) 12 270 82 43.5 28.0 67.6
37 1.15e+07 ( 120) 3.63E+06 ( 38) 16 175 57 132.9 91.7 197.3
38 6.12E+06 ( 48) 5.10E+06 ( 40) 12 245 78 51.0 32.7 79.8
39 3.31E+06 ( 26) 4.97e+06 ( 39) 12 239 77 28.4 16.6 47.9
40 6.40E+06 ( 67) 7.26E+06 ( 76) 16 350 82 37.5 26.5 53.0
41 1.02E+07 ( 67) 4.13E+06 ( 27) 10 199 77 104.6 66.2 170.5
42  2.38E+06 ( 14) 6.80E+06 ( 40) 9 327 105 15.0 7.5 28.1
43 6.88E+06 ( 54) 3.57E+06 ( 28) 12 172 65 81.5 50.8 134.0
44  4.59e+06 ( 36) 5.86E+06 ( 46) 12 282 84 33.3 20.9 52.8
45  7.99e+06 ( 47) 2.72E+06 ( 16) 9 131 65 123.3 69.2 233.1
46  2.77e+06 ( 29) 4.97E+06 ( 52) 16 239 67 23.8 14.5 38.2
47  9.17e+06 ( 72) 9.94E+06 ( 78) 12 479 111  39.3 28.0 55.0
48 1.06E+07 ( 83) 3.95E+06 ( 31) 12 190 69 112.8 74.0 176.8
49  1.09e+07 ( 64) 4.08E+06 ( 24) 9 196 80 112.3 69.5 188.1
50 3.31E+06 ( 26) 8.66E+06 ( 68) 12 417 104 16.4 9.9 26.0
51 1.15e+07 ( 113) 5.61E+06 ( 55) 15 270 74 86.9 62.3 122.7
52 2.29e+06 ( 18) 3.31E+06 ( 26) 12 160 63 29.6 15.2 55.9
53 1.02E+07 ( 80) 4.71E+06 ( 37) 12 227 75 91.4 61.2 139.2
54 3.75E+06 ( 49) 5.12E+06 ( 67) 20 247 62 31.2 21.0 45.8
55 1.44e+07 ( 188) 4.28E+06 ( 56) 20 206 56 141.4 104.3 194.7
56 3.57E+06 ( 28) 4.59e+06 ( 36) 12 221 74 33.1 19.4 55.9



57 1.53E+06 ( 16) 3.92E+06 ( 41) 16 189 60 16.7 8.7 30.3
0 ZetaAge Program v. 4.7 (Brandon 6/24/97)
DATE/TIME: 10-29-2000/17:17:37 FILENAME: D:\BERNET\99MB12.FTZ
Field# 99vMB12 Isere RR: Ul4Y-26/27 and Ul6z-28 OSU
>>NEW PARAMETERS--ZETA METHOD<<
EFFECTIVE TRACK DENSITY FOR FLUENCE MONITOR (tracks/cmA2): 2.335E+05
RELATIVE ERROR (%): 2.86
EFFECTIVE URANIUM CONTENT OF MONITOR (ppm): 12.30
ZETA FACTOR AND STANDARD ERROR (yr cmA2): 333.87 7.68
SIZE OF COUNTER SQUARE (cmA2): 6.540E-07
—————— GRAIN AGES IN ORIGINAL ORDER ------
Grain Rhos (Ns) RhoI (Ni) squares U+/-2s Grain Age (Ma)
no. (cmA-2) (cmA-2) Age --95% CI--
58 3.44e406 ( 36) 2.96E+06 ( 31) 16 156 56 45.1 27.1 75.6
50 8.03E+06 ( 105) 4.20E+06 ( 55) 20 221 61 73.9 52.7 104.8
60 2.68E+06 ( 21) 5.22E+06 ( 41) 12 275 87 20.0 11.2 34.6
61 7.99e+06 ( 47) 4.93E+06 ( 29) 9 260 97 62.8 38.7 103.7
62 3.26E4+06 ( 32) 5.61E+06 ( 55) 15 295 81 22.7 14.1 35.8
63 3.73E+06 ( 39) 6.21E+06 ( 65) 16 327 83 23.4 15.2 35.4
64 5.61E+06 ( 55) 6.52E+06 ( 64) 15 344 88 33.5 22.8 48.9
65 9.08E+06 ( 95) 4.40E+06 ( 46) 16 232 69 79.9 55.6 116.7
66 2.89E+06 ( 17) 6.97E+06 ( 41) 9 367 116 16.2 8.6 29.1
67 2.87E+06 ( 30) 8.51E+06 ( 89) 16 448 98 13.2 8.4 20.1
68 1.40E+06 ( 11) 1.91E+06 ( 15) 12 101 51 28.7 11.8 66.5
69 6.69E+06 ( 35) 6.31E+06 ( 33) 8 332 116 41.2 24.8 68.6
70  4.36E+06 ( 57) 3.21E+06 ( 42) 20 169 53 52.7 34.7 80.7
71 1.76E+06 ( 23) 4.05E+06 ( 53) 20 213 60 17.0 9.9 28.1
72 4.97E+06 ( 65) 1.83E+06 ( 24) 20 97 39 104.3 64.7 174.7
73 1.83E+06 ( 24) 3.52E+06 ( 46) 20 185 55 20.4 11.8 34.1
74  7.39E+06 ( 29) 4.59E+06 ( 18) 6 242 113 62.3 33.5 119.4
75 4.87e+06 ( 51) 4.87E+06 ( 51) 16 257 73 38.9 25.8 58.7
76 1.78E+06 ( 14) 6.88E+06 ( 54) 12 362 100 10.2 5.2 18.5
77  4.97e+06 ( 39) 7.39e+06 ( 58) 12 389 104 26.2 16.9 40.1
78 4.97E+06 ( 26) 4.78E+06 ( 25) 8 252 101 40.4 22.4 73.1
79 2.68E+06 ( 21) 6.24E+06 ( 49) 12 329 95 16.8 9.5 28.4
80 9.94E+05 ( 13) 4.13E+06 ( 54) 20 217 60 9.5 4.7 17.5
81 4.51E+06 ( 59) 7.03E+06 ( 92) 20 371 80 25.0 17.6 35.2
82 5.35e+06 ( 42) 2.80E+06 ( 22) 12 148 63 73.8 43.2 130.1
83 1.24e+06 ( 13) 4.11E+06 ( 43) 16 216 67 11.9 5.8 22.4
84 4.33E+06 ( 34) 1.11E+07 ( 87) 12 584 129 15.3 9.9 23.0
85 4.71E+06 ( 37) 1.40E+06 ( 11) 12 74 44 128.5 65.0 279.6
86 5.35e+06 ( 14) 4.59E+06 ( 12) 4 242 137 45.3 19.5 107.1
87 3.67E+06 ( 48) 1.44E+07 ( 188) 20 757 118 10.0 7.1 13.8
88 3.82E+06 ( 25) 2.75E+06 ( 18) 10 145 68 53.8 28.2 104.8
89 1.53E+06 ( 16) 6.79E+06 ( 71) 16 357 87 8.9 4.8 15.3
90 6.50E+06 ( 85) 3.75E+06 ( 49) 20 197 57 67.2 46.7 97.9
91 4.51E+06 ( 59) 4.74e+06 ( 62) 20 250 65 37.0 25.4 53.9
92 5.86E+06 ( 46) 2.55E+06 ( 20) 12 134 60 88.7 51.6 158.6
93 3.52E+06 ( 46) 2.29E+06 ( 30) 20 121 44 59.4 36.7 97.7
94 2.83E+06 ( 37) 2.60E+06 ( 34) 20 137 47 42.3 25.8 69.6
95  4.59E+05 ( 6) 1.83E+06 ( 24) 20 97 39 9.9 3.3 24.5
96 4.59E+06 ( 36) 2.17E+06 ( 17) 12 114 55 81.7 44.9 155.4
97 1.53e+06 ( 12) 3.19E+06 ( 25) 12 168 67 18.8 8.5 38.7
98 1.996+06 ( 13) 2.29E+06 ( 15) 10 121 62 33.8 14.8 75.9
99 1.45e+06 ( 19) 3.29e+06 ( 43) 20 173 53 17.3 9.5 30.3
100 2.75e+06 ( 18) 7.19E+06 ( 47) 10 379 112 15.0 8.1 26.3
0 ZetaAge Program v. 4.7 (Brandon 6/24/97)
DATE/TIME: 10-29-2000/17:17:37 FILENAME: D:\BERNET\99MB12.FTZ
Field# 99vMB12 Isere RR: Ul4Y-26/27 and Ul6z-28 OSU
Number of grains = 100
MEAN URANIUM CONCENTRATION +/-2SE (ppm): 270.5, 17.3
POOLED AGE WITH 63% CONF. INTERVAL(Ma): 39.3, 37.7 -- 40.9 ( -1.6 +1.7)
95% CONF. INTERVAL(Ma): 36.2 -- 42.6 ( -3.1 +3.3)
CHIA2 PROBABILITY: 0.0%

CHIA2, DEGREES OF FREEDOM: 1.3472e+03,

99



CENTRAL AGE WITH 63% CONF. INTERVAL(Ma): 37.0, 34.2 -- 40.1 ( -2.8 +3.1)
95% CONF. INTERVAL(Ma): 31.6 -- 43.3 ( -5.4 +6.3)
AGE DISPERSION (%) : 68.0

CHIA2 AGE WITH 63% CONF. INTERVAL (Ma): 14.5, 13.7 -- 15.3 ( -0.8 +0.8)
95% CONF. INTERVAL (Ma): 13.0 -- 16.1 (¢ -1.5 +1.7)
NUMBER AND PERCENTAGE OF GRAINS: 31, 31%
Total range for grain ages = 8.08 to 146.53 Ma

———————————————————————— PARAMETERS FOR BEST-FIT PEAKS----=-=-=-=-=--—————————————-
{standard error for peak age includes group error}

{Peak width is for PD plot assuming a kernel factor = 0.60}
PEAK ----PEAK AGE & CONF. INTERVAL (MA)---- PEAK WIDTH --GRAINS IN PEAK----
NUMBER  MEAN (----63% CI---) (----95% CI---) w(z) FRAC(%) SE(%) COUNT
D 14.1 ( -1.0 +1.0) ( -1.8 +2.1) 0.27 29.4 5.3 29.4
2) 35.5 (. -2.2 +2.3) ( -4.2 +4.7) 0.24 37.6 5.6 37.6
3) 87.7 ( -4.6 +4.8) ( -8.7 +9.7) 0.23 33.0 5.0 33.0
TOTAL: 100.0 100.0
LOG-LIKELIHOOD FOR BEST FIT = -4.2019E+02
CHI-SQUARED VALUE FOR BEST FIT = 1.0035E+02
REDUCED CHI-SQUARED VALUE = 1.0563E+00
DEGREES OF FREEDOM FOR FIT = 95
CONDITION NUMBER FOR COVAR MATRIX = 5.67
NUMBER OF ITERATIONS = 11

0 ZetaAge Program 4.7 (Brandon 6/24/97)

<

DATE/TIME: 11-25-1999/00:30:31 FILENAME: C:\YALE\FT\BERNET\99MB1l5.FTZ
Field# 99MB15 Ardeche RR: Ul4Y-24/25 0SU (combined etch)

>>NEW PARAMETERS--ZETA METHOD<<

EFFECTIVE TRACK DENSITY FOR FLUENCE MONITOR (tracks/cmA2): 2.399E+05
RELATIVE ERROR (%): 2.81
EFFECTIVE URANIUM CONTENT OF MONITOR (ppm): 12.30
ZETA FACTOR AND STANDARD ERROR (yr cmA2): 333.87 7.68
SIZE OF COUNTER SQUARE (cmA2): 6.540E-07
—————— GRAIN AGES IN ORIGINAL ORDER ------
Grain Rhos (Ns) RhoI (Ni) squares U+/-2s Grain Age (Ma)
no. (cmA-2) (cmA-2) Age --95% CI--
1 6.50e+06 ( 85) 2.37E+06 ( 31) 20 122 44 108.5 71.3 169.8
2 9.48e+06 ( 62) 3.67E+06 ( 24) 10 188 77 102.2 63.1 171.6
3 1.25e+07 ( 98) 4.33e+06 ( 34) 12 222 77 114.0 76.6 174.2
4 9.30E+06 ( 73) 2.93E+06 ( 23) 12 150 63 125.2 77.8 210.1
5 6.88E+06 ( 72) 2.96E+06 ( 31) 16 152 55 92.1 59.7 145.5
6 3.54e+06 ( 37) 3.25e+06 ( 34) 16 167 57 43.4 26.5 71.4
7 6.50E+06 ( 85) 3.59E+06 ( 47) 20 184 54 71.9 49.7 105.3
8 8.92E+06 ( 70) 3.06E+06 ( 24) 12 157 64 115.2 71.9 192.0
9 1.09e+07 ( 214) 2.19e+06 ( 43) 30 112 35 195.7 140.8 278.6
10 1.21e+07 ( 158) 4.20E+06 ( 55) 20 216 59 113.8 83.1 158.2
11 1.31e+07 ( 172) 4.97e+06 ( 65) 20 255 65 104.3 78.0 139.5
12 1.13e+07 ( 89) 5.10E+06 ( 40) 12 261 83 88.3 60.1 132.0
13  6.63e+06 ( 26) 3.57E+06 ( 14) 6 183 97 73.6 37.2 152.6
14  7.26e+06 ( 57) 3.06E+06 ( 24) 12 157 64 94.0 57.6 158.8
15 9.89e+06 ( 194) 3.98e+06 ( 78) 30 204 47 98.2 75.0 128.6
16 9.51E+06 ( 112) 2.63e+06 ( 31) 18 135 49 142.5 95.3 219.9
17 1.13e+07 ( 148) 3.29E+06 ( 43) 20 169 52 136.0 96.3 196.2
18 1.50e+07 ( 59) 3.31E+06 ( 13) 6 170 93 177.5 97.5 352.3
19 8.94e+06 ( 117) 2.68E+06 ( 35) 20 137 47 132.1 90.0 199.0
20  1.21e+07 ( 158) 4.97e+06 ( 65) 20 255 65 96.5 71.7 131.4
21  1.18e+07 ( 77) 3.36E+06 ( 22) 10 172 73 137.9 85.4 233.0
22 1.30e+07 ( 255) 2.40E+06 ( 47) 30 123 36 213.1 155.9 297.7
23 1.13e+07 ( 89) 4.33e+06 ( 34) 12 222 77 103.7 69.2 159.2
24 1.26e+07 ( 74) 2.38e+06 ( 14) 9 122 64 206.3 117.1 394.6
25 7.57E+06 ( 99) 1.02E+07 ( 134) 20 525 95 29.4 22.5 38.5
26 8.54E+06 ( 67) 3.06E+06 ( 24) 12 157 64 110.3 68.6 184.3
27  1.29e+07 ( 253) 3.47e+06 ( 68) 30 178 44 146.3 111.3 192.1
28 1.06e+07 ( 69) 3.67E+06 ( 24) 10 188 77 113.6 70.8 189.4
29  6.32E+06 ( 124) 3.11E+06 ( 61) 30 159 42 80.8 58.9 112.1
30 9.17e+06 ( 120) 3.13e+06 ( 41) 20 161 51 115.8 80.7 169.9



31 9.05E+06 ( 71) 3.70e+06 ( 29) 12 189 71 97.0 62.3 155.3
32 1.38E+07 ( 180) 3.52E+06 ( 46) 20 180 54 154.4 111.2 218.9
33 3.43406 ( 56) 7.22E+06 ( 118) 25 370 71 19.0 13.5 26.4
34  1.09e+07 ( 71) 4.28E+06 ( 28) 10 220 83 100.4 64.1 161.9
35 6.73E+06 ( 88) 2.75E+06 ( 36) 20 141 47 96.9 65.1 147.4
36 3.44e+06 ( 45) 7.26E+06 ( 95) 20 372 79 19.0 12.9 27.4
37 1.06E+07 ( 139) 4.51E+06 ( 59) 20 231 61 93.5 68.4 129.6
0 ZetaAge Program v. 4.7 (Brandon 6/24/97)
DATE/TIME: 11-25-1999/00:30:31 FILENAME: C:\YALE\FT\BERNET\99MB1l5.FTZ
Field# 99MB15 Ardeche RR: U1l4Y-24/25 0SU (combined etch)
>>NEW PARAMETERS--ZETA METHOD<<
EFFECTIVE TRACK DENSITY FOR FLUENCE MONITOR (tracks/cmA2): 2.377E+405
RELATIVE ERROR (%): 2.82
EFFECTIVE URANIUM CONTENT OF MONITOR (ppm): 12.30
ZETA FACTOR AND STANDARD ERROR (yr cmA2): 333.87 7.68
SIZE OF COUNTER SQUARE (cmA2): 6.540E-07
—————— GRAIN AGES IN ORIGINAL ORDER ------
Grain Rhos (Ns) RhoI (Ni) squares U+/-2s Grain Age (Ma)
no. (cmA-2) (cmA-2) Age --95% CI--
38 9.75E+06 ( 51) 4.01e+06 ( 21) 8 208 90 95.2 56.5 167.0
39 8.79E+06 ( 69) 3.70E+06 ( 29) 12 191 71 93.4 59.8 149.9
40 2.62E+06 ( 24) 1.31E+06 ( 12) 14 68 39 78.3 38.0 172.2
41  3.47E+06 ( 68) 5.96E+06 ( 117) 30 309 60 23.0 16.7 31.5
42 1.10E+07 ( 43) 3.57E+06 ( 14) 6 185 98 119.8 64.9 237.4
43 9.81E+06 ( 77) 3.82E+06 ( 30) 12 198 72 100.7 65.4 159.5
44  8.33E+06 ( 109) 1.53E+06 ( 20) 20 79 35 211.3 131.5 358.9
45 8.96E+06 ( 41) 2.84E+06 ( 13) 7 147 80 122.9 65.2 250.2
46  9.75E+06 ( 102) 2.87E+06 ( 30) 16 148 54 133.0 88.0 207.4
47 3.92E+06 ( 77) 1.48E+06 ( 29) 30 76 28 104.1 67.3 166.0
48 8.79e+06 ( 69) 4.84E+06 ( 38) 12 251 82 71.5 47.4 109.6
49  7.01E+06 ( 55) 3.06E+06 ( 24) 12 158 65 89.9 54.9 152.3
50 7.39e+06 ( 58) 2.55E+06 ( 20) 12 132 59 113.4 67.6 199.5
51 7.08E+06 ( 139) 2.75E+06 ( 54) 30 142 39 101.1 73.3 141.7
52 6.12E+06 ( 48) 4.33E+06 ( 34) 12 224 77 55.7 35.1 89.3
53 7.84E+06 ( 41) 5.54E+06 ( 29) 8 287 107 55.8 33.8 93.2
54  8.81E+06 ( 121) 3.57E+06 ( 49) 21 185 54 97.0 69.0 138.6
55 7.57E+06 ( 99) 2.60E+06 ( 34) 20 135 46 114.1 76.7 174.3
56 7.74e+06 ( 86) 2.61E+06 ( 29) 17 135 50 116.2 75.7 184.0
57 7.29E+06 ( 143) 9.17e+05 ( 18) 30 47 22 305.3 188.9 526.6
58 7.65E+06 ( 50) 3.21E+06 ( 21) 10 166 72 93.4 55.3 164.0
50 6.75E+06 ( 53) 4.71E+06 ( 37) 12 244 81 56.5 36.4 88.7
60 9.68E+06 ( 95) 3.98E+06 ( 39) 15 206 66 95.7 65.3 143.2
61 7.59e+06 ( 149) 2.09e+06 ( 41) 30 108 34 142.2 100.2 206.6
62 1.30E+06 ( 17) 3.36E+06 ( 44) 20 174 53 15.4 8.2 27.4
63 8.94E+06 ( 117) 2.52E+06 ( 33) 20 131 46 138.7 93.8 211.1
64 2.91E+06 ( 38) 3.90E+06 ( 51) 20 202 57 29.5 18.8 45.9
65 1.89E+06 ( 37) 7.65E+05 ( 15) 30 40 20 96.5 52.1 189.6
66 6.42E+06 ( 42) 2.91E+06 ( 19) 10 150 69 86.7 49.5 158.2
67 7.756+06 ( 152) 1.78E+06 ( 35) 30 92 31 169.4 117.0 252.5
68 5.86E+06 ( 115) 1.07E+06 ( 21) 30 55 24 212.3 133.7 355.5
69 8.05E+06 ( 79) 3.98E+06 ( 39) 15 206 66 79.7 53.6 120.5
70 5.86E+06 ( 46) 1.78E+06 ( 14) 12 92 49 128.0 69.8 252.4
71  7.90E+06 ( 62) 2.55E+06 ( 20) 12 132 59 121.2 72.6 212.1
72 8.10E+06 ( 106) 3.21E+06 ( 42) 20 166 52 99.1 68.7 145.8
73 8.03E+06 ( 21) 3.82E+06 ( 10) 4 198 123 82.1 37.4 195.6
74 5.58E+06 ( 73) 2.22E+06 ( 29) 20 115 43 98.8 63.6 157.9
75 5.86E+06 ( 92) 2.74E+06 ( 43) 24 142 44 84.2 58.0 124.3
76  7.80E+06 ( 153) 1.22E+06 ( 24) 30 63 26 246.7 161.0 395.9
77 8.49E+06 ( 111) 2.52E+06 ( 33) 20 131 46 131.6 88.7 200.9
78 8.15E+06 ( 64) 2.29E+06 ( 18) 12 119 56 138.6 81.8 248.8
79 7.65E+06 ( 40) 2.68E+06 ( 14) 8 138 73 111.5 59.9 222.3

0 ZetaAge Program v. 4.7 (Brandon 6/24/97)
DATE/TIME: 11-25-1999/00:30:31 FILENAME: C:\YALE\FT\BERNET\99MB1l5.FTZ
Field# 99MB15 Ardeche RR: U1l4Y-24/25 0SU (combined etch)

EFFECTIVE TRACK DENSITY FOR FLUENCE MONITOR (tracks/cmA2): 2.377E+05
RELATIVE ERROR (%): 2.82
EFFECTIVE URANIUM CONTENT OF MONITOR (ppm): 12.30
ZETA FACTOR AND STANDARD ERROR (yr cmA2): 333.87

7.



SIZE OF COUNTER SQUARE (cmA2): 6.540E-07

—————— GRAIN AGES IN ORIGINAL ORDER ------

Grain Rhos (Ns) RhoI (Ni) squares U+/-2s Grain Age (Ma)
no. (cmA-2) (cmA=-2) Age --95% CI--
80 7.90E+06 ( 62) 2.55E+06 ( 20) 12 132 59 121.2 72.6 212.1
81 8.66E+06 ( 68) 3.06E+06 ( 24) 12 158 65 111.0 69.0 185.2
82 9.56E+06 ( 75) 3.19e+06 ( 25) 12 165 66 117.4 74.1 193.1
83 6.47E+06 ( 127) 2.55E+06 ( 50) 30 132 38 99.8 71.3 141.8
84  7.34+06 ( 144) 2.04e+06 ( 40) 30 105 34 140.9 98.7 205.8
85 8.60E+06 ( 90) 2.48E+06 ( 26) 16 129 50 135.3 87.0 218.5
86 8.10E+06 ( 106) 2.98e+06 ( 39) 20 154 50 106.7 73.3 158.6
87 7.90E+06 ( 62) 3.44e+06 ( 27) 12 178 69 90.2 56.6 147.8
88 5.28E+06 ( 69) 1.30eE+06 ( 17) 20 67 32 157.9 92.7 286.5
89 3.06eE+06 ( 40) 1.53E+06 ( 20) 20 79 35 78.5 45.0 142.1
90 8.49e+06 ( 111) 1.61E+06 ( 21) 20 83 36 205.1 128.9 343.9
91 4.33e+06 ( 51) 1.36E+06 ( 16) 18 70 35 124.4 70.3 234.0
92 5.35E+06 ( 105) 1.02E+06 ( 20) 30 53 23 203.7 126.5 346.5
93  9.00E+06 ( 53) 3.74e+06 ( 22) 9 193 82 94.5 56.7 163.5
94  4.42e+06 ( 26) 2.38e+06 ( 14) 9 123 65 72.9 36.9 151.3
95 9.17e+05 ( 12) 2.68E+06 ( 35) 20 138 47 13.7 6.4 26.9
96 6.12E+06 ( 56) 2.73E+06 ( 25) 14 141 57 87.9 54.1 147.4
97 5.10E+06 ( 40) 6.88E+06 ( 54) 12 356 99 29.4 18.9 45.1
98 5.96eE+06 ( 78) 1.61E+06 ( 21) 20 83 36 144.9 89.1 247.3
99 5.12e+06 ( 67) 3.13E+06 ( 41) 20 162 51 64.4 43.0 97.8
100 5.50E+06 ( 108) 2.65E+06 ( 52) 30 137 39 81.7 58.1 116.5

0 ZetaAge Program v. 4.7 (Brandon 6/24/97)
DATE/TIME: 11-25-1999/00:30:31 FILENAME: C:\YALE\FT\BERNET\99MB1l5.FTZ
Field# 99MB15 Ardeche RR: U14Y-24/25 0SU (combined etch)
Number of grains = 100

MEAN URANIUM CONCENTRATION +/-2SE (ppm): 157.9, 10.3

POOLED AGE WITH 63% CONF. INTERVAL(Ma): 98.0, 94.0 -- 102.1 (¢ -3.9 +4.1)
95% CONF. INTERVAL(Ma): 90.4 -- 106.2 ( -7.6 +8.2)
CHIA2 PROBABILITY: 0.0%
CHIA2, DEGREES OF FREEDOM: 8.8422E+02, 99
CENTRAL AGE WITH 63% CONF. INTERVAL(Ma): 94.2, 88.0 -- 100.9 ( -6.2 +6.6)
95% CONF. INTERVAL(Ma): 82.5 -- 107.6 ( -11.8 +13.4)
AGE DISPERSION (%): 54.1
CHIA2 AGE WITH 63% CONF. INTERVAL (Ma): 23.0, 21.4 -- 24.8 ( -1.6 +1.8)
95% CONF. INTERVAL (Ma): 19.9 -- 26.6 ( -3.1 +3.6)
NUMBER AND PERCENTAGE OF GRAINS: 8, 8%
Total range for grain ages = 13.96 to 300.67 Ma
———————————————————————— PARAMETERS FOR BEST-FIT PEAKS---- - - - ———----—-——-- o ——
{standard error for peak age includes group error}
{Peak width is for PD plot assuming a kernel factor = 0.60}
PEAK ----PEAK AGE & CONF. INTERVAL (MA)---- PEAK WIDTH --GRAINS IN PEAK----
NUMBER  MEAN (----63% CI---) (----95% CI---) w(z) FRAC(%) SE(%) COUNT
D 23.9 ( -1.7 +1.9) ( -3.3 +3.8) 0.22 8.7 2.9 8.7
2) 102.4 ( -5.2 +5.5) ( -10.0 +11.1) 0.24 74.1 7.3 74.1
3) 180.1 ( -17.6 +19.4) ( -32.8 +40.0) 0.24 17.2 7.0 17.2
TOTAL: 100.0 100.0
LOG-LIKELIHOOD FOR BEST FIT = -3.6510E+02
CHI-SQUARED VALUE FOR BEST FIT = 1.0521E+02
REDUCED CHI-SQUARED VALUE = 1.1075E+00
DEGREES OF FREEDOM FOR FIT = 95
CONDITION NUMBER FOR COVAR MATRIX = 24.61
NUMBER OF ITERATIONS = 12

0 ZetaAge Program v. 4.7 (Brandon 6/24/97)
DATE/TIME: 10-30-2000/14:36:23 FILENAME: D:\YALE\FT\BERNET\99MB20.FTZ



Field# 99MB20 Durance RR: U1l6Z-29 and Ul4Y-23 0oSU (combined etch)

>>NEW PARAMETERS--ZETA METHOD<<

EFFECTIVE TRACK DENSITY FOR FLUENCE MONITOR (tracks/cmA2): 2.533E+05
RELATIVE ERROR (%): 2.95
EFFECTIVE URANIUM CONTENT OF MONITOR (ppm): 12.30
ZETA FACTOR AND STANDARD ERROR (yr cmA2): 333.87 7.68
SIZE OF COUNTER SQUARE (cmA2): 6.540E-07
—————— GRAIN AGES IN ORIGINAL ORDER ------
Grain Rhos (Ns) RhoI (Ni) squares U+/-2s Grain Age (Ma)
no. (cmA-2) (cmA=-2) Age --95% CI--
1 1.19e+07 ( 70) 5.27e+06 ( 31) 9 256 92 94.5 61.2 149.7
2 1.38e+07 ( 144) 2.58E+06 ( 27) 16 125 48 220.6 146.4 346.1
3 9.68E+06 ( 76) 4.33e+06 ( 34) 12 210 73 93.6 61.7 145.1
4 9.05e+06 ( 71) 5.61E+06 ( 44) 12 272 83 67.8 45.8 101.5
5 8.92E+06 ( 70) 5.86E+06 ( 46) 12 285 85 64.0 43.4 95.3
6 6.01E+06 ( 59) 8.46E+06 ( 83) 15 411 93 30.0 21.0 42.6
7 9.56E+06 ( 125) 5.35e+06 ( 70) 20 260 64 75.0 55.3 102.5
8 9.30E+06 ( 73) 3.82E+06 ( 30) 12 186 68 101.8 65.8 161.7
9 9.48e+06 ( 124) 3.67E+06 ( 48) 20 178 52 108.1 76.8 154.8
10 6.19e+06 ( 81) 3.90E+06 ( 51) 20 189 54 66.8 46.3 97.1
11  8.49e+06 ( 111) 3.06E+06 ( 40) 20 148 47 116.0 80.2 171.5
12 9.94e+06 ( 78) 3.70E+06 ( 29) 12 179 67 112.4 72.7 179.0
13 4.20e+06 ( 33) 7.39e+06 ( 58) 12 359 96 24.1 15.1 37.6
14 5.44e+06 ( 32) 1.70E+06 ( 10) 9 82 51 132.5 64.4 302.2
15 7.01e+06 ( 55) 7.01E+06 ( 55) 12 340 94 42.2 28.4 62.6
16 4.93e+06 ( 29) 4.59E+06 ( 27) 9 223 86 45.3 25.8 79.5
17  1.00e+07 ( 105) 6.59E+06 ( 69) 16 320 79 64.0 46.6 88.4
18 1.13e+07 ( 148) 5.20E+06 ( 68) 20 252 63 91.3 67.8 124.1
19 6.46E+06 ( 38) 4.93e+06 ( 29) 9 239 89 55.1 33.1 92.9
20  1.26E+07 ( 74) 4.93e+06 ( 29) 9 239 89 106.7 68.7 170.4
21  8.77e+06 ( 86) 3.26E+06 ( 32) 15 158 56 112.3 74.2 174.7
22 4.59e+06 ( 90) 4.84E+06 ( 95) 30 235 50 40.0 29.5 54.1
23 1.04e+07 ( 82) 3.95e+06 ( 31) 12 192 69 110.6 72.4 173.4
24 1.00E+07 ( 105) 3.54E+06 ( 37) 16 172 57 118.6 80.9 178.0
25 8.28E+06 ( 65) 2.68E+06 ( 21) 12 130 57 128.9 78.2 222.4
26 1.06e+07 ( 111) 5.16E+06 ( 54) 16 251 69 86.2 61.6 122.2
27  7.42e+06 ( 97) 3.44e+06 ( 45) 20 167 50 90.4 62.8 132.2
28 5.05E+06 ( 66) 1.91E+06 ( 25) 20 93 37 110.3 68.9 182.8
29  8.56E+06 ( 112) 3.98e+06 ( 52) 20 193 54 90.3 64.3 128.5
30 4.38E+06 ( 86) 2.34E+06 ( 46) 30 114 34 78.5 54.2 115.2
31  9.02E+06 ( 118) 4.36E+06 ( 57) 20 212 57 86.8 62.6 121.8
32 1.11e+07 ( 145) 3.67E+06 ( 48) 20 178 52 126.2 90.4 179.4
33 1.00e+07 ( 105) 5.35E+06 ( 56) 16 260 71 78.7 56.2 111.4
34  1.39e+07 ( 82) 5.44e+06 ( 32) 9 264 94 107.2 70.5 167.1
35 9.43e+06 ( 74) 3.95e+06 ( 31) 12 192 69 99.9 64.9 157.6
36 7.82E+06 ( 92) 6.12E+06 ( 72) 18 297 72 53.8 38.9 74.6
37 1.07e+07 ( 84) 6.12E+06 ( 48) 12 297 87 73.5 50.9 107.5
38 7.26E+06 ( 57) 5.86E+06 ( 46) 12 285 85 52.2 34.7 78.9
39 6.12E+06 ( 48) 3.44E+06 ( 27) 12 167 64 74.6 45.6 124.6
40 4.46E+06 ( 35) 3.70E+06 ( 29) 12 179 67 50.8 30.1 86.3
41  1.51E+07 ( 158) 4.59E+06 ( 48) 16 223 65 137.4 98.9 194.6
42  1.16E+07 ( 137) 5.01E+06 ( 59) 18 243 65 97.3 71.1 135.0
43  7.48E+06 ( 44) 3.91E+06 ( 23) 9 190 79 80.1 47.5 139.4
44  8.41E+06 ( 110) 6.19E+06 ( 81) 20 301 69 57.2 42.3 77.5
45  9.58E+06 ( 94) 4.99e+06 ( 49) 15 243 70 80.5 56.3 116.6
46 7.77e+06 ( 61) 4.71E+06 ( 37) 12 229 76 69.2 45.2 107.5
47  1.06E+07 ( 138) 5.58E+06 ( 73) 20 271 65 78.9 59.0 105.5
48 5.66E+06 ( 74) 7.19e+06 ( 94) 20 349 75 33.2 24.0 45.8
49  7.52E+06 ( 59) 4.33E+06 ( 34) 12 210 73 72.8 47.0 114.9
50 8.18E+06 ( 107) 4.28E+06 ( 56) 20 208 57 80.2 57.4 113.4

0 ZetaAge Program v. 4.7 (Brandon 6/24/97)
DATE/TIME: 10-30-2000/14:36:23 FILENAME: D:\YALE\FT\BERNET\99MB20.FTZ
Field# 99MB20 Durance RR: U16Z-29 and Ul4Y-23 oSU (combined etch)

>>NEW PARAMETERS--ZETA METHOD<<
EFFECTIVE TRACK DENSITY FOR FLUENCE MONITOR (tracks/cmA2): 2.420€E+05
RELATIVE ERROR (%): 2.81
EFFECTIVE URANIUM CONTENT OF MONITOR (ppm): 12.30



ZETA FACTOR AND STANDARD ERROR (yr cmA2): 333.87 7.68

SIZE OF COUNTER SQUARE (cmA2): 6.540E-07
—————— GRAIN AGES IN ORIGINAL ORDER ------
Grain Rhos (Ns) RhoI (Ni) squares U+/-2s Grain Age (Ma)
no. (cmA-2) (cmA=-2) Age --95% CI--
51 4.66E+06 ( 61) 2.60E+06 ( 34) 20 132 46 71.9 46.5 113.2
52 3.75E4+06 ( 49) 2.98E+06 ( 39) 20 152 49 50.5 32.4 79.2
53 4.51E+06 ( 59) 1.15E+06 ( 15) 20 58 30 155.7 88.1 295.5
54  8.26E+06 ( 81) 2.45e+06 ( 24) 15 124 51 134.3 84.7 221.8
55 2.98E+06 ( 39) 1.99E+06 ( 26) 20 101 40 60.2 35.7 103.2
56 4.95E+06 ( 81) 2.45e+06 ( 40) 25 124 40 81.1 54.9 122.0
57 7.72E+06 ( 101) 2.29e+06 ( 30) 20 117 43 134.1 88.7 209.2
58 4.28E+06 ( 56) 1.76E+06 ( 23) 20 89 37 97.2 59.1 165.9
59 5.05e+06 ( 66) 2.45E+06 ( 32) 20 124 44 82.6 53.4 130.5
60 7.03E+06 ( 92) 4.13E+06 ( 54) 20 210 58 68.4 48.2 97.9
61 7.49e+06 ( 98) 3.44E+06 ( 45) 20 175 53 87.2 60.6 127.5
62 9.07E+06 ( 83) 2.73E+06 ( 25) 14 139 56 132.1 84.0 216.0
63 6.27E+06 ( 82) 1.14E+07 ( 149) 20 579 100 22.1 16.8 29.2
64 5.28E+06 ( 69) 3.29E+06 ( 43) 20 167 52 64.4 43.3 96.9
65 6.196+06 ( 81) 2.45E+06 ( 32) 20 124 44 101.1 66.5 157.8
66 3.59E4+06 ( 47) 7.65E+05 ( 10) 20 39 24 184.8 93.7 409.0
67 6.80E+06 ( 89) 2.60E+06 ( 34) 20 132 46 104.6 69.8 160.6
68 7.31E+06 ( 43) 3.74E+06 ( 22) 9 190 81 78.2 45.9 137.5
69 5.12E+06 ( 67) 2.22E+06 ( 29) 20 113 42 92.4 59.0 148.5
70  6.04E+06 ( 79) 2.37E+06 ( 31) 20 120 43 101.8 66.5 160.0
71 2.68E+06 ( 35) 6.19+06 ( 81) 20 315 72 17.5 11.3 26.3
72 9.99e+06 ( 98) 2.04E+06 ( 20) 15 104 46 193.7 119.9 330.6
73  4.42e+06 ( 52) 4.76E+06 ( 56) 18 242 66 37.4 25.1 55.7
74  4.97E+06 ( 65) 2.06E+06 ( 27) 20 105 40 96.2 60.7 157.1
75 8.79E+06 ( 115) 3.98E+06 ( 52) 20 202 57 88.6 63.2 125.8
76  8.60E+06 ( 90) 3.82E+06 ( 40) 16 194 62 90.0 61.4 134.6
77 7.85E+06 ( 77) 5.30E+06 ( 52) 15 269 76 59.5 41.2 86.6
78 6.02E+06 ( 63) 1.62E+06 ( 17) 16 83 40 147.0 85.6 268.0
79 3.54e+06 ( 37) 3.34E+06 ( 35) 16 170 58 42.6 26.0 69.7
80 7.03E+06 ( 92) 2.14E+06 ( 28) 20 109 41 130.8 85.2 207.9
81 2.98E+06 ( 39) 2.06E+06 ( 27) 20 105 40 58.0 34.6 98.7
82 9.37E+06 ( 98) 3.92E+06 ( 41) 16 199 63 95.6 65.8 141.7
83 5.44e+06 ( 32) 6.63E+06 ( 39) 9 337 109 33.1 20.0 54.3
84 5.64E+06 ( 59) 3.82E+06 ( 40) 16 194 62 59.2 38.9 91.1
85 7.49E+06 ( 98) 3.82E+06 ( 50) 20 194 56 78.6 55.3 113.2
86  1.09E+07 ( 143) 4.05E+06 ( 53) 20 206 57 107.9 78.1 151.3
87 7.99E+06 ( 47) 3.23E+06 ( 19) 9 164 75 98.7 57.1 178.3
88 6.97E+06 ( 41) 9.51E+06 ( 56) 9 484 132 29.5 19.2 45.1
89 5.35e+06 ( 35) 6.27E+06 ( 41) 10 319 101 34.4 21.2 55.5
90 8.92E+06 ( 35) 5.10E+06 ( 20) 6 259 115 70.1 39.5 128.3
91 9.56E+06 ( 75) 3.19e+06 ( 25) 12 162 65 119.5 75.4 196.6
92 7.03E+06 ( 92) 3.21E+06 ( 42) 20 163 51 87.7 60.2 129.9
93 3.21E+06 ( 42) 1.07E+06 ( 14) 20 54 29 119.1 64.4 236.5
94 3.59E4+06 ( 47) 2.45E+06 ( 32) 20 124 44 59.0 36.8 95.7
95 8.83E+06 ( 52) 4.93E+06 ( 29) 9 250 93 71.9 44.8 117.7
96 5.35e+06 ( 35) 3.36E+06 ( 22) 10 171 73 63.8 36.4 114.3
97 5.66E+06 ( 37) 2.29e+06 ( 15) 10 117 60 98.2 53.0 193.0
98 4.97E+06 ( 65) 1.83E+06 ( 24) 20 93 38 108.0 67.0 180.8
99 6.12E+06 ( 48) 1.66E+06 ( 13) 12 84 46 146.1 78.8 294.0
100 1.21E+07 ( 71) 4.08E+06 ( 24) 9 207 85 117.9 73.6 196.2
0 ZetaAge Program v. 4.7 (Brandon 6/24/97)

DATE/TIME: 10—30—2000/14:36:23 FILENAME: D:\YALE\FT\BERNET\99MBZO.FTZ
Field# 99MB20 Durance RR: U16Z-29 and Ul4Y-23 oSU (combined etch)

Number of grains = 100

MEAN URANIUM CONCENTRATION +/-2SE (ppm): 192.5, 12.8

POOLED AGE WITH 63% CONF. INTERVAL(Ma): 77.2, 74.0 -- 80.5 ( -3.2 +3.
95% CONF. INTERVAL(Ma): 71.1 -- 83.8 ( -6.1 +6.
CHIA2 PROBABILITY: 0.0%
CHIA2, DEGREES OF FREEDOM: 6.0319e+02, 99
CENTRAL AGE WITH 63% CONF. INTERVAL(Ma): 77.4, 73.0 -- 82.2 ( -4.5 +4.

95% CONF. INTERVAL(Ma): 68.9 -- 87.0 ( -8.5 +9.



AGE DISPERSION (%): 42.4

CHIA2 AGE WITH 63% CONF. INTERVAL (Ma): 30.0, 28.1 -- 32.0 ( -1.9 +2.0)
95% CONF. INTERVAL (Ma): 26.4 -- 34.1 ( -3.6 +4.1)
NUMBER AND PERCENTAGE OF GRAINS: 11, 11%
Total range for grain ages = 17.57 to 218.47 ma

———————————————————————— PARAMETERS FOR BEST-FIT PEAKS------=-=-===-—-———————————-
{standard error for peak age includes group error}

{Peak width is for PD plot assuming a kernel factor = 0.60}
PEAK ----PEAK AGE & CONF. INTERVAL (MA)---- PEAK WIDTH --GRAINS IN PEAK----
NUMBER  MEAN (----63% CI---) (----95% CI---) w(z) FRAC(%) SE(%) COUNT
D 30.3 ( -2.1 +2.2) ( -3.9 +4.5) 0.21 11.7 3.5 11.7
2) 70.4 ( -6.4 +7.0) ( -12.0 +14.4) 0.22 38.0 13.5 38.0
3) 107.3 ( -8.0 +8.6) ( -15.0 +17.5) 0.24 50.3 14.0 50.3
TOTAL: 100.0 100.0
LOG-LIKELIHOOD FOR BEST FIT = -3.8144E+02
CHI-SQUARED VALUE FOR BEST FIT = 1.0371E+02
REDUCED CHI-SQUARED VALUE = 1.0917E+00
DEGREES OF FREEDOM FOR FIT = 95
CONDITION NUMBER FOR COVAR MATRIX = 30.26
NUMBER OF ITERATIONS = 29

ZetaAge2 Program v. 4.8 (Brandon 12/7/99)
DATE/TIME 01-08-2002/14:07:13 FILENAME: U:\UNION\MOLITOR\99_23.FTZ
Rhone Delta (Fos s. Mer) 99-23A,B,C,D (10, 30, 15, 6h etch) (Ul4y-30-33)

>>NEW PARAMETERS--ZETA METHOD<<

EFFECTIVE TRACK DENSITY FOR FLUENCE MONITOR (tracks/cmA2): 2.648E+05
RELATIVE ERROR (%): 3.21
EFFECTIVE URANIUM CONTENT OF MONITOR (ppm): 12.17
ZETA FACTOR AND STANDARD ERROR (yr cmA2): 359.90 12.71
SIZE OF COUNTER SQUARE (cmA2): 6.667E-07
—————— GRAIN AGES IN ORIGINAL ORDER ------
Grain Rhos (Ns) RhoI (Ni) squares U+/-2s Grain Age (Ma)
no. (cmA-2) (cmA=-2) Age --95% CI--
1 1.49e+07 ( 159) 8.62E+06 ( 92) 16 306 8 81.4 62.1 106.7
2  9.25e+06 ( 74) 8.75E+06 ( 70) 12 402 99 50.2 35.5 70.9
3 1.29e+07 ( 69) 5.06E+06 ( 27) 8 233 90 120.2 76.2 195.6
4 1.27e+06 ( 17) 7.72E+06 ( 103) 20 355 73 7.9 4.4 13.3
5 1.13e+07 ( 136) 9.92E+06 ( 119) 18 456 88 54.0 41.6 70.2
6 4.50E+06 ( 60) 1.36E+07 ( 181) 20 624 101 15.8 11.5 21.4
7 8.06e+06 ( 86) 1.03e+07 ( 110) 16 474 95 37.2 27.5 50.0
8 1.29e+07 ( 86) 6.90E+06 ( 46) 10 317 95 88.3 60.9 129.8
9 1.47e+07 ( 196) 1.19e+07 ( 159) 20 548 94 58.3 46.4 73.2
10 5.85E+06 ( 117) 2.48E+07 ( 496) 30 1140 126 11.2 9.0 14.0
11  9.82E+06 ( 131) 9.97e+06 ( 133) 20 458 85 46.6 36.0 60.3
12 1.40e+07 ( 187) 3.00E+06 ( 40) 20 138 44 218.3 154.7 315.7
13 5.62E+06 ( 45) 1.96E+07 ( 157) 12 902 155 13.7 9.5 19.2
14 9.62e+06 ( 77) 2.75e+06 ( 22) 12 126 54 163.8 101.4 276.5
15 1.27e+07 ( 169) 2.47e+06 ( 33) 20 114 40 238.5 164.1 357.7
16 1.65e+07 ( 110) 4.50E+06 ( 30) 10 207 76 171.7 114.1 266.8
17 5.62E+06 ( 75) 4.12e+06 ( 55) 20 190 52 64.6 44.8 93.6
18 7.90E+06 ( 79) 4.30E+06 ( 43) 15 198 61 86.8 59.0 129.4
19 1.65e+07 ( 110) 5.25e+06 ( 35) 10 241 82 147.6 100.1 223.1
20 6.67E+06 ( 40) 1.83E+06 ( 11) 9 84 50 169.2 86.3 365.0
>>NEW PARAMETERS--ZETA METHOD<<
EFFECTIVE TRACK DENSITY FOR FLUENCE MONITOR (tracks/cmA2): 2.644E+05
RELATIVE ERROR (%): 3.25
EFFECTIVE URANIUM CONTENT OF MONITOR (ppm): 12.17
ZETA FACTOR AND STANDARD ERROR (yr cmA2): 359.90 12.71
SIZE OF COUNTER SQUARE (cmA2): 6.667E-07
—————— GRAIN AGES IN ORIGINAL ORDER ------
Grain Rhos (Ns) RhoI (Ni) squares U+/-2s Grain Age (Ma)
no. (cmA-2) (cmA=-2) Age --95% CI--

21  6.43e+06 ( 120) 3.16E+06 ( 59) 28 145 39 96.0 69.5 134.1



OV RFRPRWOOROAONOOOIWU

.72E+06
.75E+06
.62E+06
.69E+06
.82E+06
.50E+06
.62E+06
.00E+06
.60E+06
.00E+06
.52E+06
.09E+07
.78E+06
.25E+06
.00E+06
.46E+06

Y Yo Yo Yo Yo Yo Yau Yeau Yau Ve Yeu Ve Yeu Yau Yan Y

79)

RPORNWOROORNNNWRE

.56E+07
.32E+07
.42E+06
.62E+06
.32E+06
.44E+06
.50E+07
.65E+06
.30E+06
.52E+07
.34E+06
.82E+06
.16E+06
.57E+06
.67E+06
.22E+07

oY Yo Yau Yau Yau Yau Van Ve Van Van Van Ve Ve Ve VAN

166)
176)
82)
122)
31)
44)
80)
193)
42)
203)
169)
51)
23)
21)
116)
114)

716
608
157
351
107
113
690
444
290
701
292
176

99

72
445
562

32
87
111

ZetaAge2 Program v. 4.8 (Brandon 12/7/99)

kOLnkOW\lW\l\l\l#kOOOOOWNU‘I

12.7  23.7
18.5 31.7
90.3 154.8
11.5 24.1
90.9 214.9
59.4 129.0
18.5 40.0
14.9 25.9
31.7 78.0
14.2 24.6
20.1 34.4
96.3 188.5
62.7 179.2
95.1 267.7
21.5 40.2
24.2 44.5

DATE/TIME 01-08-2002/14:07:13 FILENAME: U:\UNION\MOLITOR\99_23.FTZ

Rhone Delta (Fos s.

>>NEW PARAMETERS--ZETA METHOD<<
EFFECTIVE TRACK DENSITY FOR FLUENCE MONITOR (tracks/cmA2):
RELATIVE ERROR (%):
EFFECTIVE URANIUM CONTENT OF MONITOR (ppm):
ZETA FACTOR AND STANDARD ERROR (yr cmA2):
SIZE OF COUNTER SQUARE (cmA2):

Grain

no.
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54

GRAIN AGES IN ORIGINAL ORDER

ORRNRUBDARAYNVIONWRRLRNO

Rhos
(cmA-2)
.94E+06
.83E+06
.40E+07
.14E+06
.97E+06
.37E+06
.33E+06
.91E+06
.05E+06
.50E+06
.81E+06
.55E+06
.16E+07
.40E+06
.47E+07
.42E+06
.00E+05

I Y Yo Yo Y Yo Yo Yo Yo Yeu Yeu Yeu Yeu Yau Yau Yau Van

(Ns)

212)
47)
140)
19)
53)
177)
114)
63)
47)
36)
77)
37)
116)
74)
118)
18)
12)

UVIOYCWNNRENOOWRRERFRERFRENNOR

RhoI
(cmA=-2)
.03E+06
.17E+06
.90E+06
.80E+05
.21E+07
.15E+07
.11E+07
.79E+07
.30E+06
.87E+06
.12E+06
.95E+07
.50E+06
.70E+06
.50E+06
.39E+06
.20E+06

>>NEW PARAMETERS--ZETA METHOD<<
EFFECTIVE TRACK DENSITY FOR FLUENCE MONITOR (tracks/cmA2):
RELATIVE ERROR (%):
EFFECTIVE URANIUM CONTENT OF MONITOR (ppm):
ZETA FACTOR AND STANDARD ERROR (yr cmA2):
SIZE OF COUNTER SQUARE (cmA2):

GRAIN AGES IN ORIGINAL ORDER

RFRNRENONRRFRFONNNR

RhoS
(cmA-2)
.71E+07
.38E+07
.28E+07
.02E+07
.00E+06
.91E+07
.18E+07
.02E+07
.00E+06
.16E+07
.41E+07
.70E+07
.71E+07
.54E+07

Y Y Ya Y Yo Y YoV Yo Y Y Ve Yan\

(Ns)

114)
143)
76)
108)
32)
102)
63)
135)
40)
72)
94)
72)
80)
103)

CONOUVTOO O ORNOWOOOW

RhoI
(cmA-2)
.00E+06
.00E+06
.90E+06
.00E+06
.50E+06
.01E+07
.00E+06
.30E+06
.15E+06
.30E+06
.70E+06
.75E+06
.07E+06
.85E+06

I Y Yo Yau Yau Yau Yau Ve Vau Van Van Ve Van Ve Ve Van Ve

I Yo You Yau Yan Yan Yo Yau Yau Yau Van Van Ve Van

Mer) 99-23A,B,C,D (10,

(Ni)

22)
49)
29)
13)
162)
276)
200)
191)
22)
55)
114)
130)
25)
27)
28)
81)
104)

(Ni)

20)
48)
33)
32)
10)
54)
48)
42)
41)
31)
38)
26)
33)
59)

squares

32

9
15
25
20
36
27
16
10
12
24
10
15
15
12
19
30

squares

10

e
ONAOUIO O 000000 UTO

=

30, 15,

U+/-2s

48
377
134

36
560
530
512
826
152
317
329
899
115
125
161
295
240

20
110
50
20
95
73
80
131

U+/-2s

139
369
457
277
115
468
416
291
284
430
263
450
327
409

62
109
161

6h etch) (ul4y-30-33)

2.639E+05
3.30
12.17
359.90 12.71
6.667E-07
Grain Age (Ma)
Age --95% CI--
439.2 286.3 708.8
45.4 29.6 69.4
224.3 150.1 347.2
68.8 32.3 151.6
15.6 11.1 21.4
30.3 24.6 37.4
27.0 21.0 34.5
15.7 11.5 21.1
100.3 59.4 175.2
31.1 19.7 48.3
32.0 23.5 43.4
13.6 9.1 19.7
215.6 139.7 346.7
128.4 81.8 208.1
196.2 129.5 308.1
10.6 5.9 17.8
5.5 2.7 10.0
2.635E+05
3.36
12.17
359.90 12.71
6.667E-07
Grain Age (Ma)
Age --95% CI--
263.2 164.1 445.7
139.5 99.7 198.6
108.1 70.9 168.5
157.6 105.5 242.4
148.4 72.1 338.3
88.9 63.1 126.7
61.9 41.7 92.5
150.3 105.5 218.7
46.1 29.0 73.4
108.9 70.6 172.3
116.0 78.7 174.5
129.6 81.9 211.9
113.7 74.9 176.7
82.2 58.9 115.9



69 5.40E+06 ( 36) 9.90E+06 ( 66) 10 457 116 25.9 16.6 39.5
70  2.35e+07 ( 157) 5.40E+06 ( 36) 10 249 84 203.0 140.7 300.8
71  1.92e+07 ( 64) 1.80E+07 ( 60) 5 831 221 50.4 34.7 73.3

0 ZetaAge2 Program v. 4.8 (Brandon 12/7/99)

DATE/TIME: 01-08-2002/14:07:13 FILENAME: U:\UNION\MOLITOR\99_23.FTZ
Rhone Delta (Fos s. Mer) 99-23A,B,C,D (10, 30, 15, 6h etch) (uUl4y-30-33)

Number of grains = 71

MEAN URANIUM CONCENTRATION +/-2SE (ppm): 352.8, 24.5

POOLED AGE WITH 63% CONF. INTERVAL(Ma): 51.2, 48.6 -- 53.8 ( -2.5 +2.7)
95% CONF. INTERVAL(Ma): 46.3 -- 56.5 ( -4.9 +5.4)

CHIA2 PROBABILITY: 0.0%
CENTRAL AGE WITH 63% CONF. INTERVAL(Ma): 59.7, 53.3 -- 66.9 ( -6.4 +7.1)
95% CONF. INTERVAL(Ma): 47.8 -—- 74.5 ( -11.9 +14.8)

AGE DISPERSION (%): 85.5

CHIA2 AGE WITH 63% CONF. INTERVAL (Ma): 12.5, 11.6 -- 13.4 ( -0.9 +0.9)
95% CONF. INTERVAL (Ma): 10.8 -- 14.4 ( -1.7 +1.9)
NUMBER AND PERCENTAGE OF GRAINS: 9, 13%
Total range for grain ages = 5.68 to 433.59 Ma

———————————————————————— PARAMETERS FOR BEST-FIT PEAKS------=-=-=-=--=—————————————-
{standard error for peak age includes group error}

{Peak width is for PD plot assuming a kernel factor = 0.60}
PEAK ----PEAK AGE & CONF. INTERVAL (MA)---- PEAK WIDTH --GRAINS IN PEAK----
NUMBER  MEAN (----63% CI---) (----95% CI---) w(z) FRAC(%) SE(%) COUNT
1 14.2 ¢ -0.9 +1.0) ( -1.7 +2.0) 0.18 18.0 4.6 12.8
2) 29.3 ( -2.0 +2.1) ( -3.7 +4.3) 0.17 16.6 4.6 11.8
3) 66.1 ( -4.2 +4.5) ( -8.0 +9.0) 0.19 25.9 5.6 18.4
4) 162.6 ( -9.9 +10.6) ( -18.9 +21.3) 0.24 39.4 6.1 28.0
TOTAL: 100.0 71.0
0 ZetaAge2 Program v. 4.8 (Brandon 12/7/99)
DATE/TIME: 01-03-2002/20:58:42 FILENAME: U:\UNION\MOLITOR\99_24ALL.FTZ
Rhone Delta (St. Marie) 99-24A,B,C,D,E (combined) (Ul4y-34-38)
>>NEW PARAMETERS--ZETA METHOD<<
EFFECTIVE TRACK DENSITY FOR FLUENCE MONITOR (tracks/cmA2): 2.630E+05
RELATIVE ERROR (%): 3.42
EFFECTIVE URANIUM CONTENT OF MONITOR (ppm): 12.17
ZETA FACTOR AND STANDARD ERROR (yr cmA2): 359.90 12.71
SIZE OF COUNTER SQUARE (cmA2): 6.667E-07
—————— GRAIN AGES IN ORIGINAL ORDER ------
Grain Rhos (Ns) RhoI (Ni) squares U+/-2s Grain Age (Ma)
no. (cmA-2) (cmA-2) Age --95% CI--
1 1.15e+06 ( 23) 4.95e+06 ( 99) 30 229 49 11.1 6.6 17.5
2 4.87e+05 ( 13) 4.95e+06 ( 132) 40 229 43 4.7 2.4 8.3
3 4.20e+06 ( 28) 1.65E+06 ( 11) 10 76 45 118.4 57.7 263.7
4 1.50E+06 ( 15) 4.10E+06 ( 41) 15 190 60 17.4 8.9 32.0
5 3.80E+06 ( 76) 9.00E+05 ( 18) 30 42 20 195.5 116.7 347.2
6 1.20E+06 ( 12) 6.20E+06 ( 62) 15 287 75 9.3 4.5 17.2
7 3.50E+06 ( 21) 2.67E+06 ( 16) 9 123 61 61.7 30.7 126.6
8 2.25e+06 ( 30) 9.00E+05 ( 12) 20 42 24 116.4 58.3 249.8
9 1.05e+06 ( 21) 7.20E+06 ( 144) 30 333 60 7.0 4.1 11.0
10 5.58E+06 ( 67) 4.42e+06 ( 53) 18 204 58 59.5 40.7 87.5
11  3.75e+06 ( 75) 6.60E+06 ( 132) 30 305 57 26.9 19.8 36.2
12 3.70e+06 ( 37) 7.50E+06 ( 75) 15 347 83 23.4 15.2 35.2
13 1.29e+07 ( 103) 1.62E+06 ( 13) 12 75 41 360.7 205.6 692.5
14 1.31e+06 ( 28) 6.23E+06 ( 133) 32 288 54 10.0 6.3 15.2
15 3.22E+06 ( 43) 4.80E+06 ( 64) 20 222 57 31.8 20.9 47.7
16 3.70e+06 ( 74) 2.20E+06 ( 44) 30 102 31 79.0 53.5 118.1
17 1.60e+06 ( 16) 8.00E+05 ( 8) 15 37 26 93.1 38.0 251.3
18 1.57e+06 ( 21) 3.97e+06 ( 53) 20 184 52 18.8 10.7 31.7



19 1.05e+06 ( 14) 5.32e+06 ( 71) 20 246 61 9.4 4.8 16.8
20  8.50E+05 ( 17) 2.25eE+06 ( 45) 30 104 32 18.0 9.6 32.0
>>NEW PARAMETERS--ZETA METHOD<<
EFFECTIVE TRACK DENSITY FOR FLUENCE MONITOR (tracks/cmA2): 2.625E+05
RELATIVE ERROR (%): 3.49
EFFECTIVE URANIUM CONTENT OF MONITOR (ppm): 12.17
ZETA FACTOR AND STANDARD ERROR (yr cmA2): 359.90 12.71
SIZE OF COUNTER SQUARE (cmA2): 6.667E-07
—————— GRAIN AGES IN ORIGINAL ORDER ------
Grain Rhos (Ns) RhoI (Ni) squares U+/-2s Grain Age (Ma)
no. (cmA-2) (cmA-2) Age --95% CI--
21  6.10E+06 ( 122) 3.60E+06 ( 72) 30 167 41 79.5 58.6 108.7
22 2.69E+06 ( 43) 7.50E+06 ( 120) 24 348 68 17.0 11.6 24.3
23 2.16E+06 ( 36) 8.70E+06 ( 145) 25 403 73 11.8 7.9 17.1
24 2.10E+06 ( 28) 4.12e+06 ( 55) 20 191 53 24.1 14.6 38.7
25 2.77e+06 ( 37) 8.47e+06 ( 113) 20 393 79 15.5 10.3 22.7
26 2.61E+06 ( 47) 4.44e+06 ( 80) 27 206 48 27.8 18.8 40.5
27 2.71E+06 ( 38) 3.93E+06 ( 55) 21 182 51 32.6 20.9 50.4
28 3.56E+06 ( 95) 4.09e+06 ( 109) 40 189 39 40.9 30.6 54.6
29 4.78E+06 ( 51) 4.03E+06 ( 43) 16 187 58 55.8 36.3 86.1
30 2.40E+06 ( 32) 6.97e+06 ( 93) 20 323 71 16.3 10.5 24.7
31 2.17e+06 ( 29) 5.77e+06 ( 77) 20 268 64 17.8 11.1 27.7
32 3.09e+06 ( 33) 8.53E+06 ( 91) 16 396 87 17.2 11.1 25.9
33  6.00E+06 ( 84) 1.17e+07 ( 164) 21 543 93 24.1 18.2 31.8
34 8.85E+06 ( 118) 6.60E+06 ( 88) 20 306 68 62.7 46.9 83.8
35 2.25e+06 ( 24) 6.37E+06 ( 68) 16 296 74 16.7 10.0 27.0
0 ZetaAge2 Program v. 4.8 (Brandon 12/7/99)
DATE/TIME: 01-03-2002/20:58:42 FILENAME: U:\UNION\MOLITOR\99_24ALL.FTZ
Rhone Delta (St. Marie) 99-24A (60h etch) (uldy-34)
>>NEW PARAMETERS--ZETA METHOD<<
EFFECTIVE TRACK DENSITY FOR FLUENCE MONITOR (tracks/cmA2): 2.621E+05
RELATIVE ERROR (%): 3.56
EFFECTIVE URANIUM CONTENT OF MONITOR (ppm): 12.17
ZETA FACTOR AND STANDARD ERROR (yr cmA2): 359.90 12.71
SIZE OF COUNTER SQUARE (cmA2): 6.667E-07
—————— GRAIN AGES IN ORIGINAL ORDER ------
Grain Rhos (Ns) RhoI (Ni) squares U+/-2s Grain Age (Ma)
no. (cmA-2) (cmA-2) Age --95% CI--
36 6.15e+06 ( 82) 8.32E+06 ( 111) 20 387 78 34.8 25.6 47.1
37 1.63e+07 ( 109) 4.05e+06 ( 27) 10 188 73 186.9 122.0 296.9
38 7.12e+06 ( 95) 6.37E+06 ( 85) 20 296 67 52.5 38.5 71.7
39 4.22E+06 ( 45) 1.63e+07 ( 174) 16 757 127  12.2 8.5 17.1
40 4.80E+06 ( 64) 8.62E+06 ( 115) 20 400 80 26.2 18.9 36.2
41  9.50E+06 ( 152) 6.12E+06 ( 98) 24 284 61 72.4 55.2 94.8
42  2.40E+06 ( 64) 7.69e+06 ( 205) 40 357 56 14.7 10.8 19.8
43  2.75e+06 ( 33) 1.34e+07 ( 161) 18 623 108 9.7 6.4 14.2
44  1.55e+06 ( 33) 7.27e+06 ( 155) 32 337 59 10.1 6.6 14.8
45  1.30E+07 ( 173) 2.10E+06 ( 28) 20 98 37 283.7 190.5 438.9
46  6.25E+06 ( 100) 3.19e+06 ( 51) 24 148 43 91.7 64.6 131.9
47  6.90E+06 ( 138) 1.61E+07 ( 323) 30 750 99 20.1 16.1 25.1
48 1.14e+07 ( 61) 3.00e+06 ( 16) 8 139 69 176.1 101.1 327.3
49 6.30E+06 ( 84) 1.98E+07 ( 264) 20 919 131 15.0 11.5 19.5
50 3.22E+06 ( 43) 1.39e+07 ( 185) 20 644 105 11.0 7.6 15.5
51 4.80E+06 ( 64) 1.50E+07 ( 200) 20 696 110 15.1 11.1  20.3
52 1.47e+07 ( 196) 5.10e+06 ( 68) 20 237 60 133.6 100.0 178.3
53  1.30e+07 ( 121) 5.14E+06 ( 48) 14 239 71 117.6 83.3 168.8
54 2.50E+06 ( 50) 6.65E+06 ( 133) 30 309 58 17.8 12.4 24.9
55 1.61E+07 ( 215) 3.00E+06 ( 40) 20 139 45 247.9 176.3 357.4
>>NEW PARAMETERS--ZETA METHOD<<
EFFECTIVE TRACK DENSITY FOR FLUENCE MONITOR (tracks/cmA2): 2.616E+05
RELATIVE ERROR (%): 3.64
EFFECTIVE URANIUM CONTENT OF MONITOR (ppm): 12.17
ZETA FACTOR AND STANDARD ERROR (yr cmA2): 359.90 12.71
SIZE OF COUNTER SQUARE (cmA2): 6.667E-07
—————— GRAIN AGES IN ORIGINAL ORDER ------
Grain Rhos (Ns) RhoI (Ni) squares U+/-2s Grain Age (Ma)
no. (cmA-2) (cmA-2) Age --95% CI--



56 6.75E+06 ( 90) 6.30E+06 ( 84)
57 3.00E+06 ( 24) 5.50E+06 ( 44)
58 1.40E+07 ( 187) 4.12E+06 ( 55)
59  3.60E+06 ( 72) 1.11e+07 ( 223)
60 1.01E+07 ( 135) 6.22E+06 ( 83)
61 2.75e+06 ( 55) 9.70E+06 ( 194)
62 5.40E+06 ( 72) 4.65E+06 ( 62)
63 4.65E+06 ( 93) 3.60E+06 ( 72)
64 1.20E+07 ( 160) 3.60E+06 ( 48)
65 1.65E+06 ( 33) 5.70E+06 ( 114)
66 2.90E+06 ( 58) 1.18E+07 ( 237)
67 8.75e+06 ( 70) 3.00E+06 ( 24)

293
256
192
519
290
451
216
167
167
265
551
140

67
79
53
79
67
73
57
41
50
53
82
57

50.
25,
157.
15.
75.
13.
54.
60.
154.
13.
11.
135,

ZetaAge2 Program v. 4.8 (Brandon 12/7/99)

DATE/TIME 01-03-2002/20:58:42 FILENAME: U:\UNION\MOLITOR\99_24ALL.FTZ
Rhone Delta (St. Marie) 99-24A (60h etch) (uldy-34)

—————= GRAIN AGES IN ORIGINAL ORDER ---

Grain RhoS (Ns) RhoI (N1)
no. (cmA-2) (cmA-2)
68 4.80E+06 ( 32) 1.26E+07 ( 84)
69 6.50E+06 ( 130) 1.50E+07 ( 300)
70 8.91E+06 ( 95) 5.53E+06 ( 59)
71 2.16E+06 ( 23) 5.62E+06 ( 60)
72 6.47E+06 ( 69) 1.64E+07 ( 175)
73 9.40E+06 ( 94) 3.60E+06 ( 36)
74 1.54e+07 ( 103) 6.15e+06 ( 41)
75 7.65E+06 ( 102) 2.55E+06 ( 34)
76 6.97E+06 ( 93) 2.10E+06 ( 28)
77 5.87E+06 ( 47) 4.50E+06 ( 36)

>>NEW PARAMETERS--ZETA METHOD<<

Squa

10
30
16
16
16
15
10
20
20
12

res

U+/-2s

586
698
257
262
763
167
286
119

98
209

134
95
69
70

128
57
91
41
37
71

G
Age
18.
20.
75.
18.
18.
121.
117.
139.
154.

61.

EFFECTIVE TRACK DENSITY FOR FLUENCE MONITOR (tracks/cmA2):
RELATIVE ERROR (%):
EFFECTIVE URANIUM CONTENT OF MONITOR (ppm):
ZETA FACTOR AND STANDARD ERROR (yr cmA2):
SIZE OF COUNTER SQUARE (cmA2):

—————= GRAIN AGES IN ORIGINAL ORDER ---

Grain RhoS (Ns) RhoI (N1)
no. (cmA-2) (cmA-2)
78 1.33e+07 ( 89) 2.02e+07 ( 135)
79 7.27E+06 ( 97) 2.13eE+07 ( 284)
80 1.90E+07 ( 127) 7.20E+06 ( 48)
81 2.25e+06 ( 30) 1.35E+07 ( 180)
82 6.37E+06 ( 51) 2.04E+07 ( 163)
83 2.32E+06 ( 31) 1.59E+07 ( 212)
84 4.30E+06 ( 43) 1.73E+07 ( 173)
85 3.60E+06 ( 24) 1.89E+07 ( 126)
86 9.33E+06 ( 56) 2.10E+07 ( 126)
87 8.70E+06 ( 58) 1.95E+07 ( 130)
88 2.15e+07 ( 86) 7.00E+06 ( 28)
89 2.32E+07 ( 62) 1.35E+07 ( 36)
90 9.94e+06 ( 106) 2.35E+07 ( 251)
91 3.45e+06 ( 23) 5.10E+06 ( 34)
92 7.62E+06 ( 61) 1.77e+07 ( 142)
93 1.09e+07 ( 145) 6.60E+06 ( 88)
94 2.55e+06 ( 34) 1.33e+07 ( 178)
95 2.40E+06 ( 32) 1.60E+07 ( 213)
96 1.35e+07 ( 81) 1.02e+07 ( 61)
97 1.00E+07 ( 60) 1.50E+06 ( 92

Squa

10
20
10
20
12
20
15
10

9
10

6

4
16
10
12
20
20
20

9

9

res

1

U+/-2s

943
992
335
629
949
741
806
881
978
909
326
629
096
238
827
307
622
744
474

70

177
139
100
105
164
116
136
170
189
173
125
213
161

83
152

69
104
116
126

46

G

301.

ZetaAge2 Program v. 4.8 (Brandon 12/7/99)

RPROONOOAWOOONONOOO®

DATE/TIME 01-03-2002/20:58:42 FILENAME: U:\UNION\MOLITOR\99_24ALL.FTZ
Rhone Delta (St. Marie) 99-24A (60h etch) (uldy-34)

Number of grains = 97

MEAN URANIUM CONCENTRATION +/-2SE (ppm):

POOLED AGE WITH 63% CONF. INTERVAL(Ma):

35
3

95% CONF. INTERVAL(Ma):
CHIA2 PROBABILITY:

8.6,
1.7,
0.0%

25.6

30.1 --
28.7 --

33.

35

3 36.6 69.0
7 14.9 43.3
9 115.8 218.6
2 11.4 20.1
7 56.7 101.0
4 9.6 18.3
5 38.0 78.3
5 43.7 84.1
8 111.1 219.6
7 8.9 20.4
5 8.4 15.6
4 84.2 225.8
rain Age (Ma)
--95% CI--
0 11.5 27 .4
3 16.2 25.5
3 53.6 106.8
1 10.6 29.8
6 13.7 24.9
5 81.8 184.6
0 80.5 173.3
4 93.6 212.8
0 100.1 244.9
2 38.6 97.6
2.612E+05
3.72
12.17
359.90 12.71
6.667E-07
rain Age (Ma)
--95% CI--
23.2 41.0
12.5 20.6
87.3 176.3
5.1 11.7
10.4 20.4
4.5 10.1
8.1 16.5
5.5 14.0
14.8 29.1
15.0 29.0
92.0 227.4
52.3 125.4
15.4 25.3
17.8 55.7
14.6 27.7
57.8 101.4
6.0 13.1
4.7 10.4
43.7 88.7
7 152.1 684.0
4 ( -1.6 +1.7)
.1 ( -3.0 +3.4)



CENTRAL AGE WITH 63% CONF. INTERVAL(Ma): 35.5, 31.9 -- 39.5 ( -3.6 +4.0)
95% CONF. INTERVAL(Ma): 28.8 -- 43.7 ( -6.7 +8.2)
AGE DISPERSION (%): 91.3

CHIA2 AGE WITH 63% CONF. INTERVAL (Ma): 10.0, 9.4 -- 10.7 ( -0.6 +0.7)
95% CONF. INTERVAL (Ma): 8.8 -- 11.4 ( -1.2 +1.4)
NUMBER AND PERCENTAGE OF GRAINS: 21, 22%
Total range for grain ages = 4.82 to 353.00 ma

———————————————————————— PARAMETERS FOR BEST-FIT PEAKS----=-=-=-=-=--—————————————-
{standard error for peak age includes group error}

{Peak width is for PD plot assuming a kernel factor = 0.60}
PEAK ----PEAK AGE & CONF. INTERVAL (MA)---- PEAK WIDTH --GRAINS IN PEAK----
NUMBER  MEAN (----63% CI---) (----95% CI1---) w(z) FRAC(/) SE(%) COUNT
1) 11.4 ¢ -1.7 +2.0) ( -3.1 +4.2) 0.21 28. 12.1  27.7
2) 21.4 ( -2.8 +3.2) ( -5.1 +6.7) 0.19 30. 2 11.9 29.3
3) 65.4 ( -4.0 +4.2) ( —7.5 +8.5) 0.19 20.7 4.2 20.1
4) 162.1 ( -10.5 +11.2) ( -19.9 +22.6) 0.24 20.6 4.2 19.9
TOTAL: 100.0 97.0
LOG-LIKELIHOOD FOR BEST FIT = -4.7498E+02
CHI-SQUARED VALUE FOR BEST FIT = 9.8377E+01
REDUCED CHI-SQUARED VALUE = 1.0931E+00
DEGREES OF FREEDOM FOR FIT = 90
CONDITION NUMBER FOR COVAR MATRIX = 110.19
NUMBER OF ITERATIONS = 12
0 ZetaAge2 Program v. 4.8 (Brandon 12/7/99)

DATE/TIME: 01-08-2002/14:08:31 FILENAME: U:\UNION\MOLITOR\99_25.FTZ
Rhone Delta (P. Piemonsan) 99-25A,B,C,D (10, 30, 15, 6h etch) (Ul4y-39-42)

>>NEW PARAMETERS--ZETA METHOD<<

EFFECTIVE TRACK DENSITY FOR FLUENCE MONITOR (tracks/cmA2): 2.607E+05
RELATIVE ERROR (%): 3.81
EFFECTIVE URANIUM CONTENT OF MONITOR (ppm): 12.17
ZETA FACTOR AND STANDARD ERROR (yr cmA2): 359.90 12.71
SIZE OF COUNTER SQUARE (cmA2): 6.667E-07
—————— GRAIN AGES IN ORIGINAL ORDER ------
Grain Rhos (Ns) RhoI (Ni) squares U+/-2s Grain Age (Ma)
no. (cmA-2) (cmA-2) Age --95% CI--
1 1.50e+06 ( 30) 1.20E+07 ( 241) 30 562 84 5.9 3.8 8.6
2 6.52E+06 ( 87) 3.75e+06 ( 50) 20 175 51 81.1 56.3 118.0
3  8.40e+06 ( 168) 1.40E+07 ( 281) 30 656 93 27.9 22.5 34.7
4  9.82E+06 ( 131) 7.95E+06 ( 106) 20 371 77 57.5 43.7 75.6
5 2.95e+06 ( 63) 6.09E+06 ( 130) 32 284 54 22.7 16.4 31.2
6 4.12E+06 ( 33) 2.27e+07 ( 182) 12 1062 177 8.5 5.6 12.5
7 6.67E+06 ( 89) 5.40E+06 ( 72) 20 252 62 57.8 41.5 80.6
8 1.50E+06 ( 20) 5.77e+06 ( 77) 20 270 65 12.3 7.0 20.3
9 6.50E+06 ( 130) 2.80E+06 ( 56) 30 131 36 107.9 77.8 151.4
10 5.55E+06 ( 74) 3.67E+06 ( 49) 20 172 50 70.4 48.2 103.9
11  5.75e+06 ( 115) 4.85E+06 ( 97) 30 226 49 55.1 41.4 73.4
12 3.45e+06 ( 69) 8.55E+06 ( 171) 30 399 68 18.9 14.0 25.4
13 1.06e+07 ( 71) 3.90E+06 ( 26) 10 182 72 126.4 79.7 207.3
14  5.32e+06 ( 71) 4.80E+06 ( 64) 20 224 58 51.9 36.2 74 .4
15 1.09e+07 ( 145) 3.67E+06 ( 49) 20 172 50 137.1 98.1 194.9
16 3.75e+06 ( 50) 1.59E+07 ( 212) 20 742 116 11.1 7.9 15.3
17  2.60eE+06 ( 52) 8.15E+06 ( 163) 30 380 66 15.0 10.6 20.8
18 5.16E+06 ( 55) 5.81E+06 ( 62) 16 271 72 41.5 28.1 61.1
19 6.12e+06 ( 98) 1.15e+07 ( 184) 24 537 89 24.9 19.1 32.4
20  1.50E+06 ( 30) 1.11E+07 ( 222) 30 518 80 6.4 4.2 9.4
>>NEW PARAMETERS--ZETA METHOD<<
EFFECTIVE TRACK DENSITY FOR FLUENCE MONITOR (tracks/cmA2): 2.603E+05
RELATIVE ERROR (%): 3.90
EFFECTIVE URANIUM CONTENT OF MONITOR (ppm): 12.17
ZETA FACTOR AND STANDARD ERROR (yr cmA2): 359.90 12.71
SIZE OF COUNTER SQUARE (cmA2): 6.667E-07

—————— GRAIN AGES IN ORIGINAL ORDER ------



Grain RhosS (Ns) RhoI (Ni) squares U+/-2s
no. (cmA-2) (cmA-2)
21  8.77e+06 ( 117) 4.35E+06 ( 58) 20 203 55
22  4.65E+06 ( 62) 1.35E+06 ( 18) 20 63 30
23 4.50E+06 ( 30) 8.25E+06 ( 55) 10 386 108
24  8.25E+05 ( 11) 7.50E+06 ( 100) 20 351 75
25 3.60E+06 ( 48) 3.37E+06 ( 45) 20 158 48
26 1.86E+06 ( 31) 3.90E+06 ( 65) 25 182 47
27 1.37E+06 ( 22) 6.44E+06 ( 103) 24 301 64
28 6.00E+05 ( 10) 2.04E+06 ( 34) 25 95 33
29 3.00E+06 ( 40) 6.52E+06 ( 87) 20 305 69
30 5.30E+06 ( 53) 4.10E+06 ( 41) 15 192 61
31 1.75e+06 ( 35) 4.65E+06 ( 93) 30 217 48
32 2.60E+06 ( 26) 3.30E+06 ( 33) 15 154 55
33 8.10E+06 ( 108) 1.20E+06 ( 16) 20 56 28
34 2.00E+06 ( 40) 7.00E+06 ( 140) 30 327 61
35 4.56E+06 ( 76) 2.64E+06 ( 44) 25 123 38
36 8.80E+06 ( 176) 2.00E+06 ( 40) 30 94 30
37 2.68E+06 ( 25) 9.75E+06 ( 91) 14 456 102
38 3.45e+06 ( 46) 2.25E+06 ( 30) 20 105 39
39 8.70E+06 ( 116) 3.67E+06 ( 49) 20 172 51
40 1.20E+06 ( 16) 5.55E+06 ( 74) 20 259 63

0

Ag

93.
158.
25.
5.
49.
22.
10.
13.
21,
60.
17.

ZetaAge2 Program v. 4.8 (Brandon 12/7/99)

Grain Age (Ma)

e --95% CI--
7 67.3 131.7
3 92.9 285.0
6 15.7 40.8
2 2.5 9.7
8 32.2 76.9
4 14.0 35.0
1 6.0 16.1
9 6.0 28.6
6 14.3 31.9
2 39.1 93.4
7 11.5 26.4
9 21.0 63.7
9 182.2 551.5
4 9.1 19.3
3 54.4 119.9
2 142.5 293.9
9 7.9 20.3
3 43.9 117.5
7 77.5 157.6
.2 5.5 17.7

DATE/TIME: 01-08-2002/14:08:31 FILENAME: U:\UNION\MOLITOR\99_25.FTZ
Rhone Delta (P. Piemonsan) 99-25A,B,C,D (10, 30, 15, 6h etch) (Ul4y-39-42)

>>NEW PARAMETERS--ZETA METHOD<<

EFFECTIVE TRACK DENSITY FOR FLUENCE MONITOR (tracks/cmA2):
RELATIVE ERROR (%):

EFFECTIVE URANIUM CONTENT OF MONITOR (ppm):

ZETA FACTOR AND STANDARD ERROR (yr cmA2):

SIZE OF COUNTER SQUARE (cmA2):

GRAIN AGES IN ORIGINAL ORDER

Grain RhoS (Ns) RhoI (Ni) squares U+/-2s
no. (cmA-2) (cmA-2)
41  1.54E+07 ( 206) 7.95E+06 ( 106) 20 372 78
42 1.75e+07 ( 234) 7.42E+06 ( 99) 20 348 75
43 3.22E4+06 ( 43) 1.41E+07 ( 188) 20 660 110
44  9.25e+06 ( 111) 8.33E+06 ( 100) 18 390 84
45 8.10E+05 ( 27) 5.22E+06 ( 174) 50 245 42
46 3.34e4+06 ( 89) 5.92E+06 ( 158) 40 278 49
47 2.70E+06 ( 54) 2.30E+06 ( 46) 30 108 33
48 4.59e+06 ( 49) 2.02E+07 ( 216) 16 949 150
49  2.00E+06 ( 40) 1.22E+07 ( 245) 30 574 86
50 1.23e+07 ( 82) 4.80eE+06 ( 32) 10 225 81
51 3.30E+06 ( 44) 3.60E+06 ( 48) 20 169 50
52 1.30E+06 ( 26) 5.70E+06 ( 114) 30 267 54
53 1.80E+06 ( 24) 1.04E+07 ( 139) 20 488 91
54 1.77e+07 ( 189) 9.28E+06 ( 99) 16 435 94
55 6.97E+06 ( 93) 9.60E+06 ( 128) 20 450 87
56 5.10E+06 ( 136) 1.57E+06 ( 42) 40 74 23
57 3.52E4+06 ( 47) 6.07E+06 ( 81) 20 285 67
58 3.82E+06 ( 102) 8.55E+06 ( 228) 40 400 62
59 1.95E+06 ( 39) 5.45e+06 ( 109) 30 255 53
60 5.35e+06 ( 107) 4.10E+06 ( 82) 30 192 45

>>NEW PARAMETERS--ZETA METHOD<<

EFFECTIVE TRACK DENSITY FOR FLUENCE MONITOR (tracks/cmA2):
RELATIVE ERROR (%):

EFFECTIVE URANIUM CONTENT OF MONITOR (ppm):

ZETA FACTOR AND STANDARD ERROR (yr cmA2):

SIZE OF COUNTER SQUARE (cmA2):

GRAIN AGES IN ORIGINAL ORDER

Grain RhoS (Ns) RhoI (Ni) squares U+/-2s
no. (cmA-2) (cmA-2)
61 4.94E+06 ( 79) 2.23E+07 ( 357) 24 1047 140
62 1.09e+07 ( 73) 1.21E+07 ( 81) 10 570 135
63 4.65E+06 ( 62) 9.00E+06 ( 120) 20 422 84
64 1.17e+07 ( 117) 3.75e+07 ( 375) 15 1759 232

2.598E+05
3.99
12.17
359.90 12.71
6.667E-07
Grain Age (Ma)
Age --95% CI--
89.8 69.6 115.8
109.0 84.5 140.6
10.7 7.4 15.1
51.5 38.6 68.6
7.3 4.6 11.0
26.2 19.8 34.6
54.6 36.0 83.4
10.6 7.5 14.7
7.7 5.3 10.8
118.4 77.6 185.1
42.8 27.5 66.1
10.7 6.6 16.6
8.1 5.0 12.6
88.2 67.8 114.7
33.8 25.4 44.9
149.3 104.5 217.7
27.1 18.3 39.6
20.8 16.2 26.9
16.8 11.2 24.5
60.7 44 .7 82.8
2.594E+05
4.09
12.17
359.90 12.71
6.667E-07
Grain Age (Ma)
Age --95% CI--
10.3 7.9 13.4
42.0 29.9 58.9
24.1 17.3 33.4
14.5 11.5 18.3



65 3.22E+06 ( 43) 2.05e+07 ( 274) 20 964 141 7.4 5.1 10.3
66 7.70E+06 ( 77) 2.18e+07 ( 218) 15 1023 162 16.4 12.4 21.7
67 1.16e+07 ( 116) 5.90E+06 ( 59) 15 277 75 91.1 65.5 128.0
68 6.43E+06 ( 60) 2.41e+07 ( 225) 14 1131 177 12.5 9.1 16.8
69 1.77e+07 ( 118) 1.62E+07 ( 108) 10 760 159 50.6 38.2 66.9
70  4.65e+06 ( 31) 1.51e+07 ( 101) 10 711 153 14.4 9.2 21.8
71  7.69e+06 ( 41) 4.87E+06 ( 26) 8 229 91 73.1 43.5 125.1
72 9.37e+06 ( 50) 6.00E+06 ( 32) 8 281 101 72.5 45.4 117.4
73  2.07e+07 ( 69) 1.11e+07 ( 37) 5 521 175 86.4 56.9 133.4
74  5.85E+06 ( 39) 1.08e+07 ( 72) 10 507 126 25.3 16.5 38.1
75 9.15e+06 ( 61) 1.09e+07 ( 73) 10 514 127 39.0 27.0 55.9
76  1.66E+07 ( 111) 1.33e+07 ( 89) 10 626 142 58.0 43.0 78.4
77 1.86E+07 ( 99) 6.94+06 ( 37) 8 325 110 123.5 83.5 186.6
78 6.60E+06 ( 88) 1.14E+07 ( 152) 20 535 97 26.9 20.3 35.7
79 8.12E+06 ( 65) 2.11E+07 ( 169) 12 991 172 18.0 13.1 24.3
80 7.50E+06 ( 50) 1.23e+07 ( 82) 10 577 136 28.5 19.4 41.3

0 ZetaAge2 Program v. 4.8 (Brandon 12/7/99)

DATE/TIME: 01-08-2002/14:08:31 FILENAME: U:\UNION\MOLITOR\99_25.FTZ
Rhone Delta (P. Piemanson) 99-25A,B,C,D (10, 30, 15, 6h etch) (Ul4y-39-42)

Number of grains = 80

MEAN URANIUM CONCENTRATION +/-2SE (ppm): 373.3, 29.5

POOLED AGE WITH 63% CONF. INTERVAL(Ma): 31.0, 29.3 -- 32.7 ( -1.6 +1.7)
95% CONF. INTERVAL(Ma): 27.8 -=- 34.5 ( -3.1 +3.5)
CHIA2 PROBABILITY: 0.0%
CENTRAL AGE WITH 63% CONF. INTERVAL(Ma): 34.3, 30.8 -- 38.3 ( -3.5 +3.9)
95% CONF. INTERVAL(Ma): 27.8 -- 42.5 ( -6.6 +8.1)
AGE DISPERSION (%): 84.2
CHIA2 AGE WITH 63% CONF. INTERVAL (Ma): 9.3, 8.7 -- 9.9 ( -0.6 +0.6)
95% CONF. INTERVAL (Ma): 8§.2 -- 10.6 ( -1.1 +1.3)
NUMBER AND PERCENTAGE OF GRAINS: 20, 25%

———————————————————————— PARAMETERS FOR BEST-FIT PEAKS------=-=-=-=-=-—————————————-
{standard error for peak age includes group error}

{Peak width is for PD plot assuming a kernel factor = 0.60}
PEAK ----PEAK AGE & CONF. INTERVAL (MA)---- PEAK WIDTH --GRAINS IN PEAK----
NUMBER  MEAN (----63% CI---) (----95% CI---) w(z) FRAC(%) SE(%) COUNT
1 10.1 ¢ -0.7 +0.7) ( -1.2 +1.4) 0.21 28.0 5.2 22.4
2) 23.1 ( -1.5 +1.6) ( -2.8 +3.2) 0.18 24.9 5.1 20.0
3) 54.0 ( -3.7 +3.9) ( -6.9 +8.0) 0.20 24.3 5.2 19.4
4) 112.3 ( -7.3 +7.8) ( -13.9 +15.9) 0.20 22.8 5.0 18.3
TOTAL: 100.0 80.0
LOG-LIKELIHOOD FOR BEST FIT = -4.0317E+02
CHI-SQUARED VALUE FOR BEST FIT = 8.3226E+01
REDUCED CHI-SQUARED VALUE = 1.1401E+00
DEGREES OF FREEDOM FOR FIT = 73
CONDITION NUMBER FOR COVAR MATRIX = 4.93
NUMBER OF ITERATIONS = 12
0 ZetaAge Program v. 4.7 (Brandon
6/24/97)
DATE/TIME: 05-20-2000/17:41:33 FILENAME: D:\YALE\FT\BERNET\99MB36.FTZ
Field# 99MB36 Aare RR: Ul4z-32/33 0SU (combined etch)
>>NEW PARAMETERS--ZETA METHOD<<
EFFECTIVE TRACK DENSITY FOR FLUENCE MONITOR (tracks/cmA2): 2.468E+05
RELATIVE ERROR (%): 3.09
EFFECTIVE URANIUM CONTENT OF MONITOR (ppm): 12.30
ZETA FACTOR AND STANDARD ERROR (yr cmA2): 334.22 3.40
SIZE OF COUNTER SQUARE (cmA2): 6.540E-07
—————— GRAIN AGES IN ORIGINAL ORDER ------
Grain Rhos (Ns) RhoI (Ni) squares U+/-2s Grain Age (Ma)

no. (cmA-2) (cmA-2) Age --95% CI--



1 4.43E+06
2 4.59E+06
3 2.89E+06
4 1.70E+06
5 3.82E+06
6 8.15E+06
7 4.28E+06
8 3.40E+06
9 3.19E+06
10 1.45E+06
11 5.44E+406
12 3.23E+06
13 2.91E+06
14 2.06E+06
15 2.55E+06
16 8.66E+06
17 9.94E+06
18 2.14E+06
19 3.21E+406
20 3.31E+06
21 2.72E+06
22 2.45E+06
23 3.57E+06
24 3.82E+06
25 2.93E+06
26 3.57E+06
27 4.59E+06
28 6.63E+06
29 4.59E+06
30 2.06E+06

Y Y Y Y Y YtV Y Y Y Y Y Y Y Y YV Y Ve Ve VeV Ve Ve Va Va Vo T )

29)
36)
17)
10)
15)
32)
14)
20)
25)
19)
32)
19)
38)
27)
15)
34)
39)
28)
21)
26)
16)
16)
14)
50)
23)
28)
27)
52)
27)
27)

0
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.79E+06
.15E+06
.05E+07
.78E+06
.43E+06
.10E+06
.80E+07
.66E+06
.17E+06
.73E+06
.12E+07
.00E+06
.18E+06
.65E+06
.10E+07
.31E+06
.08E+06
.26E+06
.03E+06
.92E+06
.59E+06
.17E+06
.43E+06
.11E+07
.75E+06
.13E+07
.22E+07
.80E+06
.15E+06
.50E+06

Yo Yo Yo Yan Yan Yo Vau Vau Van Van Van Van Ve Ve Ve Ve VNV . Y Y Yo You Yau Yau Yau Yau Van Van Van

64)
64)
62)
34)
37)
20)
59)
51)
72)
88)
66)
53)
107)
100)
65)
13)
16)
95)
46)
70)
27)
60)
37)
145)
53)
89)
72)
22)
48)
72)

10
12
9
10
6
20
12
12
9
12
9
20

ZetaAge Program v. 4.7

488
406
525
288
470
254
899
432
457
335
559
449
408
381
550
165
203
362
351
445
229
457
470
552
337
565
610
140
406
274

125
104
137
100
156
113
240
123
111
74
141
126
83
80
140
90
101
77
105
109
88
121
156
98
94
124
148
60
119
67

(Brandon 6/24/97)
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DATE/TIME: 05-20-2000/17:41:33 FILENAME: D:\YALE\FT\BERNET\99MB36.FTZ
Field# 99MB36 Aare RR: Ul4z-32/33 0SU (combined etch)

>>NEW PARAMETERS--ZETA METHOD<<
EFFECTIVE TRACK DENSITY FOR FLUENCE MONITOR (tracks/cmA2):

------ GRAIN AGES IN ORIGINAL ORDER

Grain Rhos
no. (cmA-2)
31 3.21E+406
32 2.20E+06
33 3.06E+06
34 2 .60E+06
35 3.06E+06
36 2.55E+06
37 2.85E+06
38 1.40E+06
39 1.61E+06
40 3.06E+06
41 3.06E+06
42 2.55E+06
43 2.68E+06
44 2.45E+06
45 3.15E+06
46 9.75E+06
47 2.06E+06
48 4.87E+06
49 1.99E+06
50 2.52E+06
51 3.36E+06
52 2.14E+06
53 3.57E+06
54 1.15E+06
55 2.06E+06
56 3.87E+06

Yo Y Yeu Y Yo Yo Yo Yo Yau Yeu Yo Yo Yau Yau Yau Yeu Yau Vau Yau Vau Vau Vean Van Van Van

(Ns)

42)
23)
24)
34)
20)
20)
28)
11)
21)
32)
30)
15)
35)
32)
33)
102)
27)
51)
26)
33)
33)
21)
21)
15)
27)
38)
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RELATIVE ERROR (%):
EFFECTIVE URANIUM CONTENT OF MONITOR (ppm):
ZETA FACTOR AND STANDARD ERROR (yr cmA2):

SIZE OF COUNTER SQUARE (cmA2):

RhoI

(cmA-2)
.20E+06
.92E+06
.75E+06
.34E+06
.19E+06
.08E+06
.93E+06
.08E+06
.44E+06
.26E+06
.22E+06
.80E+06
.96E+06
.12E+06
.40E+06
.29E+06
.50E+06
.65E+05
.19E+06
.11E+06
.91E+06
.15E+06
. 78E+06
.36E+06
.96E+06
.85E+06

I Yo Yan Ve Ve Ve Ve Van Vau Van Ve Van Ve Ve VA VANV e T Yo Yo Yo Yau Yau Yau Yau Van

(Ni)

68)
41)
53)
96)
47)
32)
68)
32)
45)
76)
61)
40)
78)
67)
67)
24)
72)

8)
94)
93)
58)
80)
34)
44)
91)
77)

squares

20
16
12
20
10
12
15
12
20
16
15

9
20
20
16
16
20
16
20
20
15
15

9
20
20
15

U+/-2s

260
196
338
367
359
204
347
204
172
363
311
340
298
256
320
115
275

38
359
356
296
408
289
168
348
392

82
109
70
64
81
47

2.460E+05
3.16
12.30

334.22 3.

6.540E-07
Grain Age (Ma)

Age --95% C
25.4 16.8 37.
23.1 13.1 39.
18.7 10.9 30.
14.6 9.5 21.
17.6 9.8 30.
25.7 13.9 46.
17.0 10.4 26.
14.3 6.4 28.
19.2 10.8 32.
17.3 11.0 26.
20.2 12.5 31.
15.5 7.9 28.
18.5 11.9 27.
19.7 12.4 30.
20.3 12.9 31.
171.5 109.6 280.
15.5 9.5 24.
252.6 121.8 611
11.4 7.0 17
14.6 9.4 22.
23.4 14.7 36.
10.8 6.3 17
25.4 13.9 45
14.1 7.2 25
12.2 7.6 19.
20.3 13.3 30.
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57 2.22E+06
58 1.76E+06
59  1.99e+06
60 2.60E+06

29) 6.96E+06 ( 91) 20 348 76 13.1 8.3 20.2
23) 3.52E+06 ( 46) 20 176 53 20.6 11.8 34.7
26) 3.98E+06 ( 52) 20 199 56 20.6 12.3 33.6
34) 5.58E+06 ( 73) 20 279 67 19.2 12.3 29.2
ZetaAge Program v. 4.7 (Brandon 6/24/97)

Y YY)

DATE/TIME 05-20-2000/17:41:33 FILENAME: D:\YALE\FT\BERNET\99MB36.FTZ
Field# 99MB36 Aare RR: U14z-32/33 0SU (combined etch)

Number of grains = 60

MEAN URANIUM CONCENTRATION +/-2SE (ppm): 329.7, 23.1

POOLED AGE WITH 63% CONF. INTERVAL(Ma): 19.1, 18.3 -- 20.0 ( -0.8 +0.9)
95% CONF. INTERVAL(Ma): 17.6 -- 20.8 ( -1.6 +1.7)
CHIA2 PROBABILITY: 0.0%
CHIA2, DEGREES OF FREEDOM: 4.6049E+02, 59
CENTRAL AGE WITH 63% CONF. INTERVAL(Ma): 20.1, 18.4 -- 22.0 ( -1.7 +1.9)
95% CONF. INTERVAL(Ma): 16.9 -- 24.0 ( -3.3 +3.9)
AGE DISPERSION (%): 61.4
CHIA2 AGE WITH 63% CONF. INTERVAL (Ma): 16.1, 15.3 -- 16.8 ( -0.7 +0.7)
95% CONF. INTERVAL (Ma): 14.7 -- 17.6 ( -1.4 +1.5)
NUMBER AND PERCENTAGE OF GRAINS: 54, 90%
Total range for grain ages = 9.08 to 244.38 Ma

———————————————————————— PARAMETERS FOR BEST-FIT PEAKS-----=---—=--———-——-——omo
{standard error for peak age includes group_error}
{Peak width is for PD plot assuming a kernel factor = 0.60}

PEAK ----PEAK AGE & CONF. INTERVAL (MA)---- PEAK WIDTH --GRAINS IN PEAK----
NUMBER MEAN (----63% CI---) (----95% CI---) w(z) FRAC(/) SE(%) COUNT
1) 16.1 ¢ -0.7 +0.7) ( -1.4 +1.5) 0.27 90 3.9 54.0
2) 123.0 ( -13.6 +15.3) ( -25.3 +31.7) 0.32 10. O 3.9 6.0
TOTAL: 100.0 60.0
LOG-LIKELIHOOD FOR BEST FIT = -1.9886E+02
CHI-SQUARED VALUE FOR BEST FIT = 5.6978E+01
REDUCED CHI-SQUARED VALUE = 9.9962E-01
DEGREES OF FREEDOM FOR FIT = 57
CONDITION NUMBER FOR COVAR MATRIX = 12.76
NUMBER OF ITERATIONS = 5

0 ZetaAge Program 4.7 (Brandon 6/24/97)

<

DATE/TIME: 05-22-2001/18:58:32 FILENAME: E:\YALE\FT\BERNET\OOMB44.FTZ
Field# O0MB44 Reuss RR: U20z-25/26 (combined etch)

>>NEW PARAMETERS--ZETA METHOD<<

EFFECTIVE TRACK DENSITY FOR FLUENCE MONITOR (tracks/cmA2): 2.802E+05
RELATIVE ERROR (%): 1.28
EFFECTIVE URANIUM CONTENT OF MONITOR (ppm): 12.30
ZETA FACTOR AND STANDARD ERROR (yr cmA2): 334.21 3.40
SIZE OF COUNTER SQUARE (cmA2): 6.540E-07
—————— GRAIN AGES IN ORIGINAL ORDER ------
Grain Rhos (Ns) RhoI (Ni) squares U+/-2s Grain Age (Ma)
no. (cmA-2) (cmA-2) Age --95% CI--
1 4.08e+06 ( 40) 9.38e+06 ( 92) 15 412 86 20.4 13.7  29.
2 3.44e+06 ( 36) 1.07e+07 ( 112) 16 470 89 15.1 10.0 22.1
3 3.57E+06 ( 28) 9.68E+06 ( 76) 12 425 98 17.3 10.8 26.9
4 3.90E+06 ( 51) 9.56E+06 ( 125) 20 420 76 19.1 13.5 26.6
5 5.35e+06 ( 42) 9.43e+06 ( 74) 12 414 96 26.6 17.7 39.2
6 4.18E+06 ( 82) 6.63E+06 ( 130) 30 291 51 29.4 22.3 38.7
7 3.13e+06 ( 41) 8.72e+06 ( 114) 20 383 72 16.9 11.5 24.2
8 3.25e+06 ( 34) 7.84e+06 ( 82) 16 344 76 19.4 12.6 29.3
9 5.35e+06 ( 56) 8.03E+06 ( 84) 16 352 77 31.2 21.8 44.2
10 4.05e+06 ( 53) 1.19e+07 ( 156) 20 524 85 15.9 11.4 21.8
11  3.06e+06 ( 40) 7.80E+06 ( 102) 20 342 68 18.4 12.4 26.7
12 2.48e+06 ( 26) 8.60E+06 ( 90) 16 378 80 13.6 8.4 21.1
13 8.49e+06 ( 50) 3.40e+06 ( 20) 9 149 66 115.5 68.0 204.5
14  3.57e+06 ( 28) 3.82E+06 ( 30) 12 168 61 43.6 25.1 75.3



15 2.40E+06 ( 47) 6.93E+06 ( 136) 30 304 53 16.2 11.3 22.7
16 3.44+06 ( 45) 9.86E+06 ( 129) 20 433 77 16.4 11.3 23.1
17 4.66E+06 ( 61) 8.94E+06 ( 117) 20 393 73 24.4 17.6 33.5
18 2.68E+06 ( 35) 7.26E+06 ( 95) 20 319 66 17.3 11.3 25.6
19 3.06E4+06 ( 40) 7.80E+06 ( 102) 20 342 68 18.4 12.4 26.7
20 3.54e+06 ( 37) 9.08E+06 ( 95) 16 399 82 18.3 12.1  26.9
21 2.29E+06 ( 18) 5.99E+06 ( 47) 12 263 77 18.0 9.8 31.4
22 3.70E+06 ( 29) 9.05E+06 ( 71) 12 397 94 19.2 12.0 29.8
23 3.52E+06 ( 46) 9.10E+06 ( 119) 20 399 74 18.1 12.6 25.6
24 4.25e+06 ( 25) 4.93E+06 ( 29) 9 216 80 40.3 22.6 71.1
25 2.68E+06 ( 21) 7.52E+06 ( 59) 12 330 86 16.7 9.6 27.8
26 3.92E+06 ( 41) 9.27E+06 ( 97) 16 407 83 19.8 13.4 28.8
27 2.04E+06 ( 12) 5.95E+06 ( 35) 9 261 88 16.2 7.6 31.6
28 2.75e+06 ( 36) 9.17E+06 ( 120) 20 403 74 14.1 9.4 20.5
29 3.75E4+06 ( 49) 1.10E+07 ( 144) 20 483 81 16.0 11.3 22.2
30 2.01E+06 ( 21) 6.31E+06 ( 66) 16 277 68 15.0 8.6 24.6
0 ZetaAge Program v. 4.7 (Brandon 6/24/97)
DATE/TIME: 05-22-2001/18:58:32 FILENAME: E:\YALE\FT\BERNET\OOMB44.FTZ
Field# O0MB44 Reuss RR: U20z-25/26 (combined etch)
>>NEW PARAMETERS--ZETA METHOD<<
EFFECTIVE TRACK DENSITY FOR FLUENCE MONITOR (tracks/cmA2): 2.791E+05
RELATIVE ERROR (%): 1.27
EFFECTIVE URANIUM CONTENT OF MONITOR (ppm): 12.30
ZETA FACTOR AND STANDARD ERROR (yr cmA2): 334.21 3.40
SIZE OF COUNTER SQUARE (cmA2): 6.540E-07
—————— GRAIN AGES IN ORIGINAL ORDER ------
Grain Rhos (Ns) RhoI (Ni) squares U+/-2s Grain Age (Ma)
no. (cmA-2) (cmA-2) Age --95% CI--
31 5.12E+06 ( 67) 1.02E+07 ( 133) 20 448 78  23.5 17.2 31.7
32 3.47E+06 ( 34) 7.14E+06 ( 70) 15 314 75 22.7 14.6 34.5
33 2.48E+06 ( 26) 1.06E+07 ( 111) 16 467 89 11.0 6.8 16.9
34 3.77E+06 ( 37) 9.48E+06 ( 93) 15 418 87 18.6 12.3 27 .4
35 2.68E+06 ( 28) 7.36E+06 ( 77) 16 324 74 17.0 10.6 26.4
36 2.75E+06 ( 36) 7.26E+06 ( 95) 20 320 66 17.7 11.7 26.2
37 3.82E+06 ( 50) 9.56E+06 ( 125) 20 421 76 18.7 13.1 26.1
38 1.99E+06 ( 26) 9.33E+06 ( 122) 20 411 75 10.0 6.2 15.3
39 4.46E+06 ( 35) 1.01E+07 ( 79) 12 444 100 20.7 13.4 31.1
40 3.98E+06 ( 52) 9.48E+06 ( 124) 20 418 76 19.6 13.8 27.2
41 2.01E+06 ( 21) 7.36E+06 ( 77) 16 324 74 12.8 7.4 20.8
42  4.59e+06 ( 48) 9.56E+06 ( 100) 16 421 85 22.4 15.5 31.8
43 2.68E+06 ( 35) 7.87E+06 ( 103) 20 347 69 15.9 10.5 23.4
44  2.68E+06 ( 21) 8.03E+06 ( 63) 12 354 89 15.6 9.0 25.8
45 1.87E+06 ( 22) 5.27E+06 ( 62) 18 232 59 16.6 9.7 27.3
46  7.48E+06 ( 44) 2.89E+06 ( 17) 9 127 61 118.9 67.2 221.6
47 2.09E+06 ( 41) 6.01E+06 ( 118) 30 265 49 16.2 11.1 23.3
48 3.31E+06 ( 26) 1.06E+07 ( 83) 12 466 103 14.7 9.0 22.9
49  4.46E+06 ( 35) 9.05E+06 ( 71) 12 399 95 23.0 14.9 34.9
50 2.45e+06 ( 32) 9.33E+06 ( 122) 20 411 75 12.3 8.0 18.2
51  3.95e+06 ( 31) 1.01E+07 ( 79) 12 444 100 18.3 11.7 28.0
52 2.83E+06 ( 37) 7.95E+06 ( 104) 20 350 69 16.6 11.1 24.3
53 2.97e+06 ( 35) 8.07E+06 ( 95) 18 356 73 17.2 11.3 25.5
54 4.76E+06 ( 28) 9.51E+06 ( 56) 9 419 112 23.3 14.2 37.3
55 1.04e+07 ( 68) 5.96E+06 ( 39) 10 263 84 80.7 53.8 122.8
56 2.06E+06 ( 27) 7.95E+06 ( 104) 20 350 69 12.2 7.6 18.6
57 1.02E+06 ( 14) 2.91E+06 ( 40) 21 128 40 16.4 8.2 30.6
58 2.39E+06 ( 25) 5.64E+06 ( 59) 16 248 65 19.8 11.8 32.0
59 1.99e+06 ( 39) 6.52E+06 ( 128) 30 288 51 14.2 9.6 20.5
60 3.06E+06 ( 40) 8.41E+06 ( 110) 20 371 71 17.0 11.5 24.5

ZetaAge Program v. 4.7 (Brandon 6/24/97)

DATE/TIME 05-22-2001/18:58:32 FILENAME: E:\YALE\FT\BERNET\OOMB44.FTZ
Field# 00OMB44 Reuss RR: U20z-25/26 (combined etch)

Number of grains = 60

MEAN URANIUM CONCENTRATION +/-2SE (ppm): 356.1, 13.3
POOLED AGE WITH 63% CONF. INTERVAL(Ma): 19.2, 18.7 -- 19.8 ( -0.6

+0.6)



95% CONF. INTERVAL(Ma): 18.1 -- 20.4 ( -1.1 +1.2)

CHIA2 PROBABILITY: 0.0%
CHIA2, DEGREES OF FREEDOM: 2.7540E+02, 59
CENTRAL AGE WITH 63% CONF. INTERVAL(Ma): 20.0, 18.8 -- 21.2 ( -1.2 +1.3)
95% CONF. INTERVAL(Ma): 17.7 -- 22.5 ( -2.3 +2.6)
AGE DISPERSION (%): 41.6
CHIA2 AGE WITH 63% CONF. INTERVAL (Ma): 17.8, 17.3 -- 18.4 ( -0.5 +0.6)
95% CONF. INTERVAL (Ma): 16.8 -- 18.9 ( -1.0 +1.1)
NUMBER AND PERCENTAGE OF GRAINS: 55, 92%
Total range for grain ages = 10.08 to 117.52 Ma
———————————————————————— PARAMETERS FOR BEST-FIT PEAKS-------———----—-———-———————
{standard error for peak age includes group_error}
{Peak width is for PD plot assuming a kernel factor = 0.60}
PEAK ----PEAK AGE & CONF. INTERVAL (MA)---- PEAK WIDTH --GRAINS IN PEAK----
NUMBER MEAN (----63% CI---) (----95% CI---) w(z) FRAC(/) SE(%) COUNT
D) 17.1 ( -0.6 +0.6) ( -1.2 +1.3) 0.23 85. 6.4 51.2
2) 28.8 ( -3.7 +4.3) ( -6.9 +9.0) 0.21 9. 6 5.9 5.8
3) 98.7 ( -13.0 +15.0) ( -23.9 +31.5) 0.28 5.0 2.8 3.0
TOTAL: 100.0 60.0
LOG-LIKELIHOOD FOR BEST FIT = -2.0315E+02
CHI-SQUARED VALUE FOR BEST FIT = 5.8294E+01
REDUCED CHI-SQUARED VALUE = 1.0599E+00
DEGREES OF FREEDOM FOR FIT = 55
CONDITION NUMBER FOR COVAR MATRIX = 59.67
NUMBER OF ITERATIONS = 5
0 ZetaAge Program v. 4.7 (Brandon
6/24/97)
DATE/TIME: 11-01-2000/12:52:17 FILENAME: D:\YALE\FT\BERNET\99MB37.FTZ
Field# 99vMB37 Rhine (near Buchs) RR: U14z-30/31 oSU (combined etch)
>>NEW PARAMETERS--ZETA METHOD<<
EFFECTIVE TRACK DENSITY FOR FLUENCE MONITOR (tracks/cmA2): 2.484E+05
RELATIVE ERROR (%): 2.97
EFFECTIVE URANIUM CONTENT OF MONITOR (ppm): 12.30
ZETA FACTOR AND STANDARD ERROR (yr cmA2): 334.22 3.40
SIZE OF COUNTER SQUARE (cmA2): 6.540E-07
—————— GRAIN AGES IN ORIGINAL ORDER ------
Grain Rhos (Ns) RhoI (Ni) squares U+/-2s Grain Age (Ma)
no. (cmA-2) (cmA-2) Age --95% CI--
1 4.74e+06 ( 62) 1.03e+07 ( 135) 20 511 93 19.1 13.8 26.1
2 5.78E+06 ( 34) 1.36E+07 ( 80) 9 673 155 17.7 11.4 26.8
3 1.70e+06 ( 20) 5.10e+06 ( 60) 18 252 67 13.9 7.9 23.4
4 3.36E+06 ( 22) 7.34E+06 ( 48) 10 363 107 19.1 10.9 32.2
5 5.30E+06 ( 52) 8.05E+06 ( 79) 15 399 93 27.3 18.8 39.4
6 6.50E+06 ( 51) 1.11E+07 ( 87) 12 549 122 24.3 16.8 34.9
7 3.57e+06 ( 35) 1.12e+07 ( 110) 15 555 111 13.2 8.7 19.6
8 5.48E+06 ( 43) 8.28E+06 ( 65) 12 410 104 27.5 18.1 41.1
9 4.05e+06 ( 53) 7.49e+06 ( 98) 20 371 78 22.5 15.7 31.8
10 3.57e+06 ( 28) 7.01E+06 ( 55) 12 347 95 21.2 12.9 34.0
11  1.09e+07 ( 142) 2.75eE+06 ( 36) 20 136 46 161.2 111.4 239.8
12 7.19e+06 ( 94) 9.48E+06 ( 124) 20 469 89 31.3 23.8 41.1
13 2.85e+06 ( 28) 6.83E+06 ( 67) 15 338 85 17.4 10.7 27.4
14  4.84+06 ( 38) 7.39E+06 ( 58) 12 366 98 27.2 17.5 41.7
15 3.75e406 ( 49) 6.96E+06 ( 91) 20 344 75 22.4 15.4 32.1
16 3.13e+06 ( 41) 4.51E+06 ( 59) 20 223 59 28.8 18.8 43.8
17 2.75e+06 ( 36) 7.57E+06 ( 99) 20 375 78 15.1 10.0 22.4
18 6.01E+06 ( 59) 9.89E+06 ( 97) 15 490 103 25.2 17.8 35.4
19 1.21e+07 ( 95) 6.63E+06 ( 52) 12 328 93 75.3 53.0 108.2
20  4.49e+06 ( 47) 6.12E+06 ( 64) 16 303 78 30.5 20.3 45.2
21  4.20E+06 ( 33) 6.75E+06 ( 53) 12 334 94 25.9 16.1 40.7
22 4.40E+06 ( 46) 7.36E+06 ( 77) 16 364 86 24.8 16.7 36.3
23 3.57E406 ( 28) 4.71E+06 ( 37) 12 233 77 31.4 18.4 52.8
24 1.14e+07 ( 149) 4.13e+06 ( 54) 20 204 57 113.4 82.4 158.4



25 3.31E+06 ( 26) 8.54E+06 ( 67) 12 423 106 16.2 9.8 25.8
26  4.08E+06 ( 24) 1.07e+07 ( 63) 9 530 137 15.9 9.4 25.7
27 1.19e+07 ( 93) 4.08E+06 ( 32) 12 202 72 119.2 79.1 184.6
28 3.44e+06 ( 27) 1.21E+07 ( 95) 12 599 128 11.8 7.4 18.3
29 3.63E+06 ( 38) 6.50E+06 ( 68) 16 322 80 23.2 15.1 35.1
30 3.91E+06 ( 23) 7.48E+06 ( 44) 9 370 113 21.8 12.5 36.8
0 ZetaAge Program v. 4.7 (Brandon 6/24/97)
DATE/TIME: 11-01-2000/12:52:17 FILENAME: D:\YALE\FT\BERNET\99MB37.FTZ
Field# 99vMB37 Rhine (near Buchs) RR: U14z-30/31 oSU (combined etch)
>>NEW PARAMETERS--ZETA METHOD<<
EFFECTIVE TRACK DENSITY FOR FLUENCE MONITOR (tracks/cmA2): 2.476E+05
RELATIVE ERROR (%): 3.03
EFFECTIVE URANIUM CONTENT OF MONITOR (ppm): 12.30
ZETA FACTOR AND STANDARD ERROR (yr cmA2): 334.22 3.40
SIZE OF COUNTER SQUARE (cmA2): 6.540E-07
—————— GRAIN AGES IN ORIGINAL ORDER ------
Grain Rhos (Ns) RhoI (Ni) squares U+/-2s Grain Age (Ma)
no. (cmA-2) (cmA-2) Age --95% CI--
31  2.45e+06 ( 32) 6.65E+06 ( 87) 20 330 73 15.3 9.8 23.1
32 1.22E+06 ( 20) 1.22E+06 ( 20) 25 61 27 41.3 21.0 80.8
33 2.04e+06 ( 12) 4.08E+06 ( 24) 9 203 83 20.8 9.4 43.0
34 3.16E+06 ( 31) 6.32E+06 ( 62) 15 314 82 20.7 12.9 32.4
35 3.06E+06 ( 18) 4.76E+06 ( 28) 9 236 90 26.6 13.8 49.8
36 6.63E+06 ( 65) 4.08E+06 ( 40) 15 203 65 66.8 44.3 102.0
37 2.29E+06 ( 24) 5.83E+06 ( 61) 16 290 76 16.3 9.7 26.6
38 2.20E+06 ( 23) 3.44E+06 ( 36) 16 171 58 26.5 14.9 45.9
39 3.34e+06 ( 35) 5.54E+06 ( 58) 16 275 74 25.0 15.8 38.7
40 2.29E+06 ( 18) 5.86E+06 ( 46) 12 291 87 16.3 8.8 28.5
41 2.68E+06 ( 21) 4.84E+06 ( 38) 12 241 79 22.9 12.7 40.0
42 1.766+06 ( 23) 3.82E+06 ( 50) 20 190 55 19.1 11.0 31.8
43 5.86E+06 ( 46) 3.19e+06 ( 25) 12 158 63 75.5 45.5 128.5
44  4.11E+06 ( 43) 6.79E+06 ( 71) 16 337 82 25.1 16.6 37.2
45 2.06E+06 ( 27) 3.44E+06 ( 45) 20 171 52 24.8 14.7 40.9
46 1.71E+06 ( 28) 6.06E+06 ( 99) 25 301 63 11.7 7.4 18.0
47 2.93E+06 ( 23) 6.12E+06 ( 48) 12 304 89 19.9 11.5 33.3
48 1.53E+06 ( 16) 5.54E+06 ( 58) 16 275 74 11.5 6.1 20.2
49 2.98E+06 ( 39) 6.80E+06 ( 89) 20 338 74 18.2 12.0 26.8
50 2.29E+06 ( 30) 5.58E+06 ( 73) 20 277 67 17.0 10.7 26.4
51  2.14e+06 ( 28) 6.96E+06 ( 91) 20 346 75 12.8 8.0 19.7
52 2.91E+06 ( 38) 7.03E+06 ( 92) 20 349 76 17.1 11.3 25.3
53 3.15e+06 ( 33) 3.54E+06 ( 37) 16 176 58 36.8 22.2 60.6
54 3.57E+06 ( 70) 3.47E+06 ( 68) 30 172 43 42.5 29.8 60.4
55 2.85E+06 ( 28) 5.10E+06 ( 50) 15 253 73 23.2 14.0 37.6
56 2.68E+06 ( 35) 5.89E+06 ( 77) 20 292 69 18.8 12.2 28.5
57 3.25E+06 ( 34) 3.54E+06 ( 37) 16 176 58 37.9 23.0 62.2
58 2.68E+06 ( 35) 4.13E+06 ( 54) 20 205 57 26.8 16.9 41.9
59 2.77E+06 ( 29) 7.07E+06 ( 74) 16 351 84 16.3 10.1  25.3
60 4.08E+06 ( 24) 5.27e+06 ( 31) 9 262 95 32.0 17.9 56.4
0 ZetaAge Program v. 4.7 (Brandon 6/24/97)
DATE/TIME: 11-01-2000/12:52:17 FILENAME: D:\YALE\FT\BERNET\99MB37.FTZ
Field# 99MB37 Rhine (near Buchs) RR: U14z-30/31 0oSU (combined etch)
Number of grains = 60
MEAN URANIUM CONCENTRATION +/-2SE (ppm): 304.8, 20.6
POOLED AGE WITH 63% CONF. INTERVAL(Ma): 26.4, 25.4 -- 27.5 ( -1.1 +1.
95% CONF. INTERVAL(Ma): 24.4 -- 28.6 ( -2.0 +2.
CHIA2 PROBABILITY: 0.0%
CHIA2, DEGREES OF FREEDOM: 5.4268E+02, 59
CENTRAL AGE WITH 63% CONF. INTERVAL(Ma): 25.4, 23.5 -- 27.5 ( -1.9 +2.
95% CONF. INTERVAL(Ma): 21.8 -- 29.6 ( -3.6 +4.
AGE DISPERSION (%) : 51.7
CHIA2 AGE WITH 63% CONF. INTERVAL (Ma): 19.9, 19.0 -- 20.8 ( -0.9 +0.
95% CONF. INTERVAL (Ma): 18.2 -- 21.7 ( -1.6 +1.

NUMBER AND PERCENTAGE OF GRAINS: 47, 78%



Total range for grain ages = 11.66 to 160.06 Ma

———————————————————————— PARAMETERS FOR BEST-FIT PEAKS--------—--———-——-——omo
{standard error for peak age includes group_error}
{Peak width is for PD plot assuming a kernel factor = 0.60}

PEAK ----PEAK AGE & CONF. INTERVAL (MA)---- PEAK WIDTH --GRAINS IN PEAK----
NUMBER MEAN (----63% CI---) (----95% CI---) w(z) FRAC(%) SE(%) COUNT
1) 16.6 ( -1.2 +1.3) ( -2.3 +2.7) 0.25 40.8 11.2 24.5
2) 26.4 ( -1.7 +1.8) ( -3.2 +3.6) 0.24 49.2 11.3  29.5
3) 101.6 ( -8.0 +8.7) ( -15.2 +17.8) 0.22 10.0 3.9 6.0
TOTAL: 100.0 60.0
LOG-LIKELIHOOD FOR BEST FIT = -2.2210E+02
CHI-SQUARED VALUE FOR BEST FIT = 5.8730E+01
REDUCED CHI-SQUARED VALUE = 1.0678E+00
DEGREES OF FREEDOM FOR FIT = 55
CONDITION NUMBER FOR COVAR MATRIX = 37.20
NUMBER OF ITERATIONS = 11

ZetaAge Program v. 4.7 (Brandon 6/24/97)

DATE/TIME 01-14-2001/20:02:32 FILENAME: E:\YALE\FT\BERNET\99MB40.FTZ
Field# 99MB40 Rhine (nhear worms) RR: Ul4z-26/27 0OSU (combined etch)

>>NEW PARAMETERS--ZETA METHOD<<

EFFECTIVE TRACK DENSITY FOR FLUENCE MONITOR (tracks/cmA2): 2.515E+05
RELATIVE ERROR (%): 2.80
EFFECTIVE URANIUM CONTENT OF MONITOR (ppm): 12.30
ZETA FACTOR AND STANDARD ERROR (yr cmA2): 334.22 3.40
SIZE OF COUNTER SQUARE (cmA2): 6.540E-07
—————— GRAIN AGES IN ORIGINAL ORDER ------
Grain RhoS (Ns) RhoI (Ni) squares U+/-2s Grain Age (Ma)
no. (cmA-2) (cmA=-2) Age --95% CI--
1 3.63e+06 ( 38) 7.93e+06 ( 83) 16 388 88 19.3 12.7 28.7
2 7.95e+06 ( 156) 1.17e+07 ( 230) 30 573 82 28.4 23.0 35.1
3 1.07e+07 ( 140) 4.43e+06 ( 58) 20 217 58 100.6 73.4 139.5
4  4.51E+06 ( 59) 9.40E+06 ( 123) 20 460 87 20.2 14.4 27.8
5 6.80E+06 ( 89) 1.06E+07 ( 138) 20 516 92 27.0 20.6 35.4
6 1.12E+07 ( 147) 2.52E+06 ( 33) 20 123 43 184.0 125.9 277.3
7 4.01E+06 ( 42) 9.56E+06 ( 100) 16 467 97 17.7 12.0 25.6
8 5.54E+06 ( 58) 1.27e+07 ( 133) 16 622 113 18.3 13.2 25.2
9 6.80E+06 ( 40) 8.32E+06 ( 49) 9 407 118 34.3 21.9 53.2
10 4.33e+06 ( 34) 9.30E+06 ( 73) 12 455 109 19.6 12.6 29.9
11  7.65e+06 ( 100) 2.37e+06 ( 31) 20 116 42 133.8 88.9 207.5
12 1.07e+07 ( 84) 2.80E+06 ( 22) 12 137 58 157.7 98.3 265.1
13 7.48e+06 ( 44) 5.61E+06 ( 33) 9 274 96 55.8 34.7 90.6
14 9.17e+06 ( 72) 3.44e+06 ( 27) 12 168 65 110.8 70.5 179.7
15 5.66E+06 ( 74) 1.22E+07 ( 159) 20 595 100 19.5 14.7 25.8
16 1.12e+07 ( 88) 2.42e+06 ( 19) 12 118 54 190.6 116.2 331.1
17 1.20e+07 ( 94) 6.50E+06 ( 51) 12 318 90 76.9 54.1 110.8
18 3.40e+06 ( 20) 7.99E+06 ( 47) 9 391 115 18.0 10.0 30.8
19 3.47e+06 ( 34) 1.17e+07 ( 115) 15 573 111  12.5 8.2 18.4
20 1.07e+07 ( 112) 2.87e+06 ( 30) 16 140 51 154.5 102.9 239.8
21 8.66E+06 ( 68) 1.35e+07 ( 106) 12 661 133 27.0 19.5 37.0
22 5.73E+06 ( 75) 8.18E+06 ( 107) 20 400 80 29.4 21.5 40.1
23 7.65E+06 ( 45) 2.89e+06 ( 17) 9 141 68 109.7 62.0 204.8
24 6.40E+06 ( 67) 1.18E+07 ( 123) 16 575 108 22.9 16.6 31.2
25  1.34e+07 ( 79) 9.51E+06 ( 56) 9 465 127 59.0 41.3 84.9
26 1.19e+07 ( 93) 8.66E+06 ( 68) 12 424 105 57.2 41.3 79.7
27  4.97e+06 ( 52) 1.15e+07 ( 120) 16 561 107 18.2 12.8 25.5
28 5.50E+06 ( 72) 1.02E+07 ( 133) 20 497 90 22.6 16.9 30.3
29 5.22e+06 ( 41) 6.88E+06 ( 54) 12 337 93 31.9 20.6 48.8
30 5.20E+06 ( 68) 1.23E+07 ( 161) 20 602 101 17.7 13.3 23.6

ZetaAge Program v. 4.7 (Brandon 6/24/97)

DATE/TIME 01-14-2001/20:02:32 FILENAME: E:\YALE\FT\BERNET\99MB40.FTZ
Field# 99MB40 Rhine (nhear worms) RR: Ul4z-26/27 0OSU (combined etch)

>>NEW PARAMETERS--ZETA METHOD<<
EFFECTIVE TRACK DENSITY FOR FLUENCE MONITOR (tracks/cmA2): 2.507E+05



RELATIVE ERROR (%): 2.84

EFFECTIVE URANIUM CONTENT OF MONITOR (ppm): 12.30
ZETA FACTOR AND STANDARD ERROR (yr CmA2): 334.22 3.40
SIZE OF COUNTER SQUARE (cmA2): 6.540E-07
—————— GRAIN AGES IN ORIGINAL ORDER ------
Grain Rhos (Ns) RhoI (Ni) squares U+/-2s Grain Age (Ma)
no. (cmA-2) (cmA=-2) Age --95% CI--
31 7.05E+06 ( 83) 2.12E+06 ( 25) 18 104 42 137.0 87.1 224.0
32 1.72E+06 ( 18) 7.84E+06 ( 82) 16 384 87 9.3 5.2 15.5
33 8.87E+06 ( 174) 2.40E+06 ( 47) 30 118 35 152.9 110.3 216.4
34 1.68E+06 ( 22) 4.51E+06 ( 59) 20 221 59 15.7 9.1 25.9
35 1.766+06 ( 23) 4.59e+06 ( 60) 20 225 59 16.1 9.4 26.4
36 1.30E+06 ( 17) 4.66E+06 ( 61) 20 229 60 11.8 6.4 20.3
37 2.14e+06 ( 28) 7.65E+06 ( 100) 20 375 78 11.8 7.4 18.1
38 1.45e+06 ( 19) 5.05E+06 ( 66) 20 248 62 12.1 6.8 20.4
39 9.17e+05 ( 12) 2.91E+06 ( 38) 20 143 47 13.3 6.3 25.9
40 9.63E+06 ( 126) 2.45E+06 ( 32) 20 120 43 162.3 109.7 247.7
41 1.91E+06 ( 25) 6.27E+06 ( 82) 20 308 70 12.8 7.8 20.3
42 6.27E+06 ( 82) 2.06E+06 ( 27) 20 101 39 125.5 80.7 202.1
43 2.10E+06 ( 22) 4.59E+06 ( 48) 16 225 66 19.3 11.0 32.5
44 3.82E4+06 ( 50) 4.97E+06 ( 65) 20 244 62 32.2 21.7 47.4
45 1.53e+06 ( 16) 3.73E+06 ( 39) 16 183 59 17.3 8.9 31.5
46  6.24E+06 ( 102) 1.65E+06 ( 27) 25 81 31 155.7 101.5 247.9
47 3.19e+06 ( 25) 5.35E+06 ( 42) 12 263 82 25.0 14.5 41.9
48 1.61E+06 ( 21) 4.36E+06 ( 57) 20 214 58 15.5 8.9 25.9
49  4.18E+06 ( 82) 1.02E+06 ( 20) 30 50 22 168.5 103.2 290.2
50 3.92E4+06 ( 41) 7.93E+06 ( 83) 16 389 88 20.7 13.8 30.5
51 1.53E+06 ( 20) 6.57E+06 ( 86) 20 323 72 9.8 5.7 16.0
52 8.56E+06 ( 140) 3.00E+06 ( 49) 25 147 43 118.4 84.9 168.0
53 9.17e+05 ( 12) 1.53E+06 ( 20) 20 75 33 25.2 11.2 53.9
54 3.34E406 ( 35) 6.98E+06 ( 73) 16 342 82 20.1 13.0 30.5
55 3.44e+06 ( 45) 5.35E+06 ( 70) 20 263 64 26.9 18.0 39.8
56 4.74E+06 ( 62) 6.04E+06 ( 79) 20 296 69 32.8 23.0 46.5
57 5.35e+06 ( 56) 2.29e+06 ( 24) 16 113 46 96.7 59.1 163.4
58 3.54E4+06 ( 37) 8.60E+05 ( 9) 16 42 27 167.8 80.9 394.5
59 3.44e+06 ( 36) 3.82E+06 ( 40) 16 188 60 37.6  23.2 60.7
60 7.42E+06 ( 97) 3.13E+06 ( 41) 20 154 49 98.2 67.5 145.5
0 ZetaAge Program v. 4.7 (Brandon 6/24/97)
DATE/TIME: 01-14-2001/20:02:32 FILENAME: E:\YALE\FT\BERNET\99MB40.FTZ
Field# 99vB40 Rhine (near worms) RR: U1l4z-26/27 OSU (combined etch)
Number of grains = 60
MEAN URANIUM CONCENTRATION +/-2SE (ppm): 288.8, 18.5
POOLED AGE WITH 63% CONF. INTERVAL(Ma): 38.4, 37.0 -- 39.8 ( -1.4 +1.5)
95% CONF. INTERVAL(Ma): 35.7 -- 41.3 ( =-2.7 +2.9)
CHIA2 PROBABILITY: 0.0%
CHIA2, DEGREES OF FREEDOM: 1.3434E+03, 59
CENTRAL AGE WITH 63% CONF. INTERVAL(Ma): 37.7, 33.7 -- 42.3 ( -4.1 +4.6)
95% CONF. INTERVAL(Ma): 30.2 -- 47.2 ( -7.6 +9.4)
AGE DISPERSION (%): 83.5
CHIA2 AGE WITH 63% CONF. INTERVAL (Ma): 17.5, 16.7 -- 18.4 ( -0.8 +0.9)
95% CONF. INTERVAL (Ma): 16.0 -- 19.2 ( -1.6 +1.7)
NUMBER AND PERCENTAGE OF GRAINS: 29, 48%
Total range for grain ages = 9.39 to 187.97 Ma

———————————————————————— PARAMETERS FOR BEST-FIT PEAKS------=-=-=-=--—————————————-
{standard error for peak age includes group error}

{Peak width is for PD plot assuming a kernel factor = 0.60}

PEAK ----PEAK AGE & CONF. INTERVAL (MA)---- PEAK WIDTH --GRAINS IN PEAK----

NUMBER  MEAN (----63% CI---) (----95% CI---) w(z) FRAC(%) SE(%) COUNT
D 17.2 ( -0.9 +0.9) ( -1.7 +1.9) 0.23 45.1 6.8 27.1
2) 33.1 C -1.9 +2.1) ( -3.7 +4.1) 0.19 23.1 5.9 13.9
3) 131.3 ( -7.1 +7.5) ( -13.6 +15.1) 0.24 31.7 6.0 19.0

TOTAL: 100.0 60.0



LOG-LIKELIHOOD FOR BEST FIT -2.6476E+02

CHI-SQUARED VALUE FOR BEST FIT = 6.3035E+01
REDUCED CHI-SQUARED VALUE = 1.1461E+00
DEGREES OF FREEDOM FOR FIT = 55
CONDITION NUMBER FOR COVAR MATRIX = 4.08
NUMBER OF ITERATIONS = 12

<

0 ZetaAge Program

4.7 (Brandon 6/24/97)
DATE/TIME: 01-16-2001/18:23:11 FILENAME: D:\YALE\FT\BERNET\99MB41.

Field# 99vMB41 Rhine delta RR: Ul4z-24/25 0SU (combined etch)

>>NEW PARAMETERS--ZETA METHOD<<

EFFECTIVE TRACK DENSITY FOR FLUENCE MONITOR (tracks/cmA2):
RELATIVE ERROR (%):

EFFECTIVE URANIUM CONTENT OF MONITOR (ppm):

ZETA FACTOR AND STANDARD ERROR (yr cmA2):

SIZE OF COUNTER SQUARE (cmA2):

—————— GRAIN AGES IN ORIGINAL ORDER ------

Grain RhosS (Ns) RhoI (Ni) squares U+/-2s
no. (cmA-2) (cmA-2)
1 7.14e+06 ( 56) 2.17e+06 ( 17) 12 105 51
2 1.366+07 ( 80) 2.55E+06 ( 15) 9 124 63
3 8.41E+06 ( 55) 3.98E+06 ( 26) 10 193 76
4 1.20E+07 ( 94) 1.15e+06 ( 9) 12 56 36
5 5.10E+06 ( 30) 5.27E+06 ( 31) 9 256 92
6 9.75e+06 ( 102) 3.06E+06 ( 32) 16 149 53
7 1.02E+07 ( 60) 3.57E+06 ( 21) 9 173 75
8 9.89E+06 ( 97) 3.67E+06 ( 36) 15 178 60
9 9.02E+06 ( 118) 3.98E+06 ( 52) 20 193 54
10 1.25e+07 ( 82) 2.29e+06 ( 15) 10 112 57
11 8.10E+06 ( 53) 3.67E+06 ( 24) 10 178 73
12 8.18E+06 ( 107) 3.75E+06 ( 49) 20 182 53
13 6.73E+06 ( 88) 4.13E+06 ( 54) 20 201 55
14 1.04e+07 ( 61) 3.06E+06 ( 18) 9 149 70
15 8.66E+06 ( 68) 3.31E+06 ( 26) 12 161 63
16 1.24e+07 ( 73) 3.06E+06 ( 18) 9 149 70
17  9.81E+06 ( 77) 2.93E+06 ( 23) 12 142 59
18 9.94E+06 ( 78) 3.44E+06 ( 27) 12 167 64
19 4.78E+06 ( 50) 7.84E+06 ( 82) 16 381 86
20 9.75E+06 ( 102) 2.48E+06 ( 26) 16 121 47
21  1.08E+07 ( 141) 3.36E+06 ( 44) 20 164 50
22 7.36E+06 ( 77) 2.77e+06 ( 29) 16 135 50
23 1.17e+07 ( 92) 4.84E+06 ( 38) 12 235 77
24 9.30E+06 ( 73) 2.55E+06 ( 20) 12 124 55
25 9.56E+06 ( 125) 1.15e+06 ( 15) 20 56 28
26 9.30E+06 ( 73) 1.78E+06 ( 14) 12 87 46
27 8.94E+06 ( 117) 1.76E+06 ( 23) 20 85 36
28 9.48E+06 ( 124) 3.75E+06 ( 49) 20 182 53
29  4.93E+06 ( 29) 2.55E+06 ( 15) 9 124 63
30 8.77E+06 ( 172) 2.60E+06 ( 51) 30 126 36
31 7.99e+06 ( 47) 2.21E+06 ( 13) 9 107 59
32 8.28E+06 ( 65) 2.93E+06 ( 23) 12 142 59
33 7.95E+06 ( 104) 2.52E+06 ( 33) 20 123 43
34 1.04e+07 ( 61) 3.23e+06 ( 19) 9 157 72
35 1.12e+07 ( 117) 4.59e+06 ( 48) 16 223 65
36 9.05E+06 ( 71) 4.97e+06 ( 39) 12 242 78
37 6.42E+06 ( 84) 1.56E+07 ( 204) 20 758 114
38 8.49e+06 ( 111) 2.52E+06 ( 33) 20 123 43
39 5.78E+06 ( 34) 1.70E+06 ( 10) 9 83 51
40 8.41E+06 ( 88) 2.29e+06 ( 24) 16 112 45

ZetaAge Program v. 4.7 (Brandon 6/24/97)

DATE/TIME 01-16-2001/18:23:11 FILENAME: D:\YALE\FT\BERNET\99MB41l.FTZ
Field# 99MB41 Rhine delta RR: U1l4z-24/25 0oSU (combined etch)

>>NEW PARAMETERS--ZETA METHOD<<

EFFECTIVE TRACK DENSITY FOR FLUENCE MONITOR (tracks/cmA2):
RELATIVE ERROR (%):

EFFECTIVE URANIUM CONTENT OF MONITOR (ppm):

ZETA FACTOR AND STANDARD ERROR (yr cmA2):

SIZE OF COUNTER SQUARE (cmA2):

FTZ
2.530E+05
2.76
12.30
334.22 3.40
6.540E-07
Grain Age (Ma)
Age --95% CI--
136.9 79.0 251.5
219.8 127.2 409.5
88.6 54.7 147.4
420.6 218.6 927.9
40.8 23.8 69.8
133.0 88.9 204.8
119.1 71.8 206.5
112.6 76.2 170.5
95.1 68.0 134.9
225.2 130.6 419.0
92.4 56.2 156.8
91.5 64.6 131.5
68.5 48.2 98.3
140.9 82.8 253.4
109.3 68.8 179.2
168.1 100.2 299.2
139.4 87.0 233.0
120.6 77.2 194.6
25.8 17.7 37.2
163.1 105.7 261.5
133.8 94.8 192.7
110.9 71.7 176.8
101.3 68.8 152.4
151.7 92.1 262.7
340.0 201.8 619.5
214.8 121.9 410.9
210.4 134.8 344.5
105.9 75.5 151.1
80.8 42.2 162.5
140.8 102.4 196.9
149.8 80.6 301.6
117.9 72.6 199.1
131.5 88.3 201.2
133.6 79.3 237.0
102.1 72.3 146.4
76.4 51.0 116.3
17.4 13.4 22.5
140.2 94.6 213.9
140.6 68.9 319.0
152.5 96.7 250.7
2.523E+05
2.78
12.30
334.22 3.40
6.540E-07



—————— GRAIN AGES IN ORIGINAL ORDER ------

Grain Rhos (Ns) RhoI (Ni) squares U+/-2s Grain Age (Ma)
no. (cmA-2) (cmA=-2) Age --95% CI--
41  3.92E+06 ( 41) 1.05E+06 ( 11) 16 51 30 153.7 78.6 331.2
42 7.19+06 ( 94) 2.37E+06 ( 31) 20 116 42 126.2 83.5 196.3
43 3.21E+06 ( 42) 1.22E+06 ( 16) 20 60 30 109.1 60.5 208.1
44 5.73E+06 ( 75) 1.45E+06 ( 19) 20 71 32 163.3 98.5 286.1
45 1.46E+06 ( 20) 6.19E+06 ( 85) 21 302 67 10.0 5.8 16.3
46 5.27E+06 ( 31) 1.70E+06 ( 10) 9 83 51 128.0 62.0 292.8
47 3.57E+06 ( 28) 7.65E+05 ( 6) 12 37 29 189.9 79.3 557.4
48 6.79e+06 ( 71) 2.87e+06 ( 30) 16 140 51 98.7 63.7 157.1
49  4.59e+06 ( 27) 2.04E+06 ( 12) 9 99 56 93.5 46.2 202.9
50 1.72e+06 ( 18) 5.35E+06 ( 56) 16 261 71 13.6 7.5 23.4
51 1.43e+06 ( 15) 1.34E+06 ( 14) 16 65 34 45.0 20.3 100.5
52 5.66E+06 ( 74) 3.06E+06 ( 40) 20 149 48 77.4 52.0 117.1
53 1.40e+06 ( 11) 2.80E+06 ( 22) 12 137 58 21.2 9.2 45.3
54 1.83E+06 ( 24) 4.74e+06 ( 62) 20 231 60 16.4 9.7 26.6
55 3.156+06 ( 33) 1.24E+06 ( 13) 16 61 33 105.4 54.5 218.4
56 5.96E+06 ( 78) 1.91E+06 ( 25) 20 93 37 129.7 82.1 212.7
57 3.54e+06 ( 37) 1.34E+06 ( 14) 16 65 34 109.7 58.4 220.0
58 3.36E406 ( 44) 9.17E+05 ( 12) 20 45 25 151.3 79.6 314.6
50 1.72E+06 ( 18) 4.78E+05 ( 5) 16 23 20 146.7 54.0 503.7
60 5.86E+06 ( 46) 2.93E+06 ( 23) 12 143 59  83.5 49.7 144.6
61 5.06E+06 ( 53) 1.15E+06 ( 12) 16 56 32 181.7 97.2 372.9
62 3.98E4+06 ( 52) 1.15E+06 ( 15) 20 56 29 143.5 80.3 274.4
63 2.01E+06 ( 21) 3.34E+06 ( 35) 16 163 55 25.3 13.9 44.7
64 7.07E+06 ( 74) 1.82E+06 ( 19) 16 89 40 161.2 97.1 282.6
65 1.68E+06 ( 22) 5.35E+06 ( 70) 20 261 64 13.3 7.8 21.7
66 5.10E+06 ( 40) 8.92E+05 ( 7) 12 43 32 232.2 105.7 609.0
67 2.42E+06 ( 19) 6.37E+05 ( 5) 12 31 27 154.7 57.5 527.8
68 5.83E+06 ( 61) 6.69E+05 ( 7) 16 33 24 350.4 165.4 889.8
69 4.74e+06 ( 62) 3.82E+06 ( 50) 20 186 53 52.1 35.2 77 .4
70  9.94E+05 ( 13) 4.05E+06 ( 53) 20 198 55 10.4 5.2 19.3
71 5.73E+06 ( 60) 2.10E+06 ( 22) 16 102 44 113.5 68.9 194.6
72 2.55E+06 ( 20) 7.77e+06 ( 61) 12 379 99 13.9 7.9 23.3
73 2.91E+06 ( 38) 5.35E+06 ( 70) 20 261 64 22.9 14.9 34.5
74  1.68E+06 ( 22) 2.22E+06 ( 29) 20 108 40 3.0 17.4 57.6
75 4.40E+06 ( 46) 1.24E+06 ( 13) 16 61 33 146.2 78.6 295.0
76  4.89E+06 ( 64) 1.15E+06 ( 15) 20 56 29 176.0 100.3 332.2
77 3.156+06 ( 33) 9.27E+06 ( 97) 16 452 95 14.4 9.3 21.6
78 4.68E+06 ( 49) 6.69E+05 ( 7) 16 33 24 283.1 131.3 730.9
79 6.65E+06 ( 87) 9.94E+05 ( 13) 20 48 27 273.3 154.3 530.2
80 4.13E+06 ( 54) 1.76E+06 ( 23) 20 86 36 97.9 59.3 167.4
0 ZetaAge Program v. 4.7 (Brandon 6/24/97)

DATE/TIME: 01-16-2001/18:23:11 FILENAME: D:\YALE\FT\BERNET\99MB41l.FTZ
Field# 99vMB41 Rhine delta RR: Ul4z-24/25 0SU (combined etch)

Number of grains = 80

MEAN URANIUM CONCENTRATION +/-2SE (ppm): 148.1, 10.1

POOLED AGE WITH 63% CONF. INTERVAL(Ma): 85.7, 82.5 -- 89.0 ( -3.2 +3.3)
95% CONF. INTERVAL(Ma): 79.5 -- 92.3 ( -6.2 +6.6)
CHIA2 PROBABILITY: 0.0%
CHIA2, DEGREES OF FREEDOM: 1.2284E+03, 79
CENTRAL AGE WITH 63% CONF. INTERVAL(Ma): 88.0, 79.6 -- 97.2 -8.3 +9.2)
95% CONF. INTERVAL(Ma): 72.4 -- 106.9 ( -15.6 +18.9)
AGE DISPERSION (%): 82.5
CHIA2 AGE WITH 63% CONF. INTERVAL (Ma): 17.1, 16.0 -- 18.3 ( -1.1 +1.2)
95% CONF. INTERVAL (Ma): 15.0 -- 19.5 ( -2.1 +2.4)
NUMBER AND PERCENTAGE OF GRAINS: 13, 16%
Total range for grain ages = 10.10 to 407.41 ma

———————————————————————— PARAMETERS FOR BEST-FIT PEAKS--------=-=------——--mmmoo
{standard error for peak age includes group_error}
{Peak width is for PD plot assuming a kernel factor = 0.60}



PEAK ----PEAK AGE & CONF. INTERVAL (MA)---- PEAK WIDTH --GRAINS IN PEAK----
NUMBER MEAN (----63% CI---) (----95% CI---) w(z)

1) 17.4 ( -1.2  +1.3) ( -2.
2) 90.2 ( -8.8 +49.7) ( -16.
3) 154.6 ( -11.0 +11.9) ( -20.

LOG-LIKELIHOOD FOR BEST FIT
CHI-SQUARED VALUE FOR BEST FIT
REDUCED CHI-SQUARED VALUE

DEGREES OF FREEDOM FOR FIT
CONDITION NUMBER FOR COVAR MATRIX
NUMBER OF ITERATIONS

ZetaAge Program

3
4
9

V.

+2.6) 0.26
+20.1) 0.25
+24.2) 0.30

TOTAL:

-3.0476E+02
8.1674E+01
1.0890E+00

75

14.55

36

4.7 (Brandon 6/24/97)

FRAC(%) SE(%) COUNT

DATE/TIME 01-18-2001/17:14:24 FILENAME: D:\YALE\FT\BERNET\99MB39.
Field# 99MB39 Inn RR: U14z-28/29 0OSU (combined etch)

>>NEW PARAMETERS--ZETA METHOD<<

EFFECTIVE TRACK DENSITY FOR FLUENCE MONITOR (tracks/cmA2):
RELATIVE ERROR (%):
EFFECTIVE URANIUM CONTENT OF MONITOR (ppm):
ZETA FACTOR AND STANDARD ERROR (yr cmA2):
SIZE OF COUNTER SQUARE (cmA2):

—————— GRAIN AGES IN ORIGINAL ORDER

Grain RhosS (Ns) RhoI (
no. (cmA-2) (cmA=-2)
1 1.00E+07 ( 59) 4.76E+06 (
2 5.3564+06 ( 70) 4.82E+06 (
3 1.23e+07 ( 161) 5.43E+06 (
4 5.48E+06 ( 43) 7.26E+06 (
5 2.89e+06 ( 17) 7.31E+06 (
6 7.95E406 ( 104) 6.04E+06 (
7 7.39e+06 ( 58) 6.63E+06 (
8 5.89e+06 ( 77) 5.43E+06 (
9 5.54E+06 ( 58) 5.06E+06 (
10 9.27E+06 ( 97) 1.43E+07 (
11 7.26E+06 ( 57) 5.48E+06 (
12 5.78E+06 ( 34) 6.46E+06 (
13 5.26E+06 ( 55) 5.06E+06 (
14 5.27E+06 ( 31) 1.31E+07 (
15 3.95+06 ( 31) 9.17E+406 (
16 8.66E+06 ( 68) 8.15E+06 (
17 4.76E+06 ( 28) 5.10E+06 (
18 3.82E+06 ( 50) 4.13E406 (
19 4.08E+06 ( 24) 6.46E+06 (
20  4.46E+06 ( 35) 6.12E+06 (
21 3.91E+06 ( 23) 8.49E+406 (
22 8.89E+06 ( 93) 5.64E+06 (
23 3.23E+06 ( 19) 8.66E+06 (
24 6.46E+06 ( 38) 7.14E+06 (
25 4.59E+06 ( 24) 3.82E+06 (
26 5.73E+06 ( 75) 4.89E+06 (
27 5.35E+06 ( 42) 5.35E+06 (
28 6.73E+06 ( 44) 6.42E+06 (
29 1.17e+07 ( 69) 4.08E+06 (
30 7.65e+06 ( 60) 3.19E+06 (

Ni)

28)
63)
71)
57)
43)
79)
52)
71)
53)
150)
43)
38)
53)
77)
72)
64)
30)
54)
38)
48)
50)
59)
51)
42)
20)
64)
42)
42)
24)
25)

ZetaAge Program v. 4.7

Squares U+/-2s

9 234 89
20 237 61
20 267 65
12 357 97

9 360 111
20 297 69
12 326 92
20 267 65
16 249 70
16 706 122
12 270 83

9 318 104
16 249 70

9 644 151
12 452 109
12 401 103

9 251 92
20 203 56

9 318 104
12 301 88

9 418 120
16 278 74

9 426 121

9 351 110

8 188 84
20 241 62
12 263 82
10 316 99

9 201 82
12 157 63

(Brandon 6/24/97)

DATE/TIME 01-18-2001/17:14:24 FILENAME: D:\YALE\FT\BERNET\99MB39.FTZ
Field# 99MB39 Inn RR: U14z-28/29 0OSU (combined etch)

>>NEW PARAMETERS--ZETA METHOD<<

EFFECTIVE TRACK DENSITY FOR FLUENCE MONITOR (tracks/cmA2):
RELATIVE ERROR (%):
EFFECTIVE URANIUM CONTENT OF MONITOR (ppm):
ZETA FACTOR AND STANDARD ERROR (yr cmA2):
SIZE OF COUNTER SQUARE (cmA2):

=== GRAIN AGES IN ORIGINAL ORDER
Grain Rhos (Ns) RhoI (

Ni)

Squares U+/-2s

16.7 4.2 13.3
26.5 10.8 21.2
56.8 11.3 45.4
100.0 80.0
FTZ
2.499E+05
2.88
12.30
334.22 3.40
6.540E-07
Grain Age (Ma)
Age --95% CI--
87.2 54.8 142.4
46.3 32.3 66.3
93.4 70.4 123.9
31.5 20.6 47.7
16.6 8.8 29.6
54.8 40.3 74.7
46.4 31.3 69.1
45.2 32.1 63.5
45.6 30.7 67.6
26.9 20.7 34.9
55.1 36.4 84.1
37.3 22.7 60.9
43.2 29.0 64.4
16.9 10.7 25.9
18.0 11.4 27.8
44.2 30.9 63.5
38.9 22.3 67.4
38.6 25.6 57.9
26.4 15.1 45.2
30.4 19.0 48.1
19.3 11.2 32.1
65.5 46.6 92.7
15.6 8.6 26.9
37.7  23.6 60.0
49.9 26.4 95.3
48.8 34.3 69.4
41.7 26.4 65.6
43.6 27.9 68.4
118.5 73.8 197.6
99.1 61.4 165.4
2.491E+05
2.92
12.30
334.22 3.40
6.540E-07
Grain Age (Ma)



no. (cmA-2) (cmA-2) Age --95% CI--

31 3.26E+06 ( 32) 3.26E+06 ( 32) 15 161 57 41.5 24.6 70.1
32 4.20e+06 ( 33) 4.46E+06 ( 35) 12 220 75 39.2  23.5 65.0
33 4.01E+06 ( 21) 2.87E+06 ( 15) 8 142 72 57.9 28.5 120.8
34  3.98E+06 ( 52) 6.12E+05 ( 8) 20 30 21 260.7 126.1 629.5
35 6.21E+06 ( 65) 5.64E+06 ( 59) 16 278 74 45.7 31.5 66.4
36 2.06E+06 ( 27) 4.97E+06 ( 65) 20 245 62 17.3 10.6 27.5
37 4.82E+06 ( 63) 2.68E+06 ( 35) 20 132 45 74.4 48.4 116.2
38 4.50E+06 ( 53) 3.65E+06 ( 43) 18 180 56 51.1 33.4 78.5
39 5.22E+06 ( 41) 4.08E+06 ( 32) 12 201 72 53.1 32.6 87.3
40 3.15e+06 ( 33) 2.87e+06 ( 30) 16 142 52 45.6 26.9 77.6
41  4.97e+06 ( 52) 5.06E+06 ( 53) 16 250 70 40.7 27.1 61.1
42  7.24e+06 ( 71) 6.01E+06 ( 59) 15 297 79 49.9 34.7 72.0
43 3.90E+06 ( 102) 3.56E+06 ( 93) 40 176 38 45.3 34.0 60.2
44  2.93e+06 ( 23) 4.46E+06 ( 35) 12 220 75 27.4 15.4 47.6
45 3.95e+06 ( 31) 1.01E+07 ( 79) 12 497 115 16.4 10.4 25.1
46  5.61E+06 ( 44) 5.22E+06 ( 41) 12 258 81 44.5 28.4 70.0
47  3.82E+06 ( 40) 2.77e+06 ( 29) 16 137 51 57.1 34.5 95.7
48 3.90E+06 ( 51) 2.45e+06 ( 32) 20 121 43 65.9 41.5 106.3
49  2.80E+06 ( 22) 6.12E+06 ( 48) 12 302 89 19.1 10.9 32.3
50 1.22e+06 ( 12) 2.96E+06 ( 29) 15 146 54 17.4 8.0 34.8
51 4.59e+06 ( 36) 5.22E+06 ( 41) 12 258 81 36.5 22.6 58.6
52  4.40E+06 ( 115) 3.29e+06 ( 86) 40 162 36 55.1 41.5 73.2
53 4.84e+06 ( 38) 2.68E+06 ( 21) 12 132 58 74.7 42.8 134.2
54 6.02E+06 ( 63) 4.68E+06 ( 49) 16 231 67 53.3 36.0 79.3
55 5.45e+06 ( 57) 4.68E+06 ( 49) 16 231 67 48.2 32.3 72.4
56 4.25E+06 ( 25) 2.55E+06 ( 15) 9 126 64 68.7 35.0 140.4
57 5.45e+06 ( 57) 4.68E+06 ( 49) 16 231 67 48.2 32.3 72.4
58 5.73E+06 ( 75) 3.82E+06 ( 50) 20 189 54 62.1 42.7 91.0
59  6.57E+06 E 86) §.05E+06 E 53) 20 200 56 67.% 47.8 96.8

4 .1

.49E+06 88) .16E+06 62) 30 156 41  58. 41.

0 ZetaAge Program v. 4.7 (Brandon 6/24/97)

DATE/TIME: 01-18-2001/17:14:24 FILENAME: D:\YALE\FT\BERNET\99MB39.FTZ
Field# 99MB39 Inn RR: Ul4z-28/29 0oSU (combined etch)

Number of grains = 60

MEAN URANIUM CONCENTRATION +/-2SE (ppm): 243.7, 16.7

POOLED AGE WITH 63% CONF. INTERVAL(Ma): 44.7, 43.0 -- 46.5 ( -1.7 +1.8)
95% CONF. INTERVAL(Ma): 41.3 -- 48.3 ( -3.4 +3.6)
CHIA2 PROBABILITY: 0.0%
CHIA2, DEGREES OF FREEDOM: 3.2068E+02, 59
CENTRAL AGE WITH 63% CONF. INTERVAL(Ma): 43.5, 40.6 -- 46.6 ( -2.9 +3.1)
95% CONF. INTERVAL(Ma): 38.0 -- 49.8 ( -5.5 +6.3)

AGE DISPERSION (%): 43.2

CHIA2 AGE WITH 63% CONF. INTERVAL (Ma): 22.8, 21.4 -- 24.3 ( -1.4 +1.5)
95% CONF. INTERVAL (Ma): 20.2 -- 25.8 ( -2.7 +3.0)
NUMBER AND PERCENTAGE OF GRAINS: 16, 27%
Total range for grain ages = 15.79 to  252.11 ma
———————————————————————— PARAMETERS FOR BEST-FIT PEAKS-------———"----—-——--- -
{standard error for peak age includes group error}
{Peak width is for PD plot assuming a kernel factor = 0.60}
PEAK ----PEAK AGE & CONF. INTERVAL (MA)---- PEAK WIDTH --GRAINS IN PEAK----
NUMBER  MEAN (----63% CI---) (----95% CI---) w(z) FRAC(%) SE(%) COUNT
1 17.9 ¢ -1.7 +1.9) ( -3.2 +3.9) 0.28 15.1 5.4 9.0
2) 27.5 ¢ -3.9 +4.5) ( -7.1 +9.6) 0.22 6.5 5.2 3.9
3) 49.2 ( -2.2 +2.3) ( -4.3 +4.7) 0.23 69.5 6.9 41.7
4) 103.2 ( -11.1 +12.5) ( -20.7 +25.9) 0.25 8.9 4.2 5.4
TOTAL: 100.0 60.0
LOG-LIKELIHOOD FOR BEST FIT = -2.2184E+02
CHI-SQUARED VALUE FOR BEST FIT = 6.0257E+01
REDUCED CHI-SQUARED VALUE = 1.1369E+00
DEGREES OF FREEDOM FOR FIT = 53
CONDITION NUMBER FOR COVAR MATRIX = 48.47



NUMBER OF ITERATIONS = 11



