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Abstract
Keywords: provenance, erosion, monsoon, Vietnam

The Song Gianh is a small, monsoon-dominated river in northern central Vietnam
that can be used to understand how topography and climate control continental erosion.
We present major element concentrations, together with Sr and Nd isotopic compositions,
of siliciclastic bulk sediments to define sediment provenance and chemical weathering
intensity. These data indicate preferential sediment generation in the steep, wetter upper
reaches of the Song Gianh. In contrast, detrital zircon U-Pb ages argue for significant flux
from the drier, northern Rao Tro tributary. We propose that this mismatch represents
disequilibrium in basin erosion patterns driven by changing monsoon strength and the
onset of agriculture across the region. Detrital apatite fission track and '’Be data from
modern sediment support slowing of regional bedrock exhumation rates through the
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Cenozoic. If the Song Gianh is representative of coastal Vietnam then the coastal
mountains may have produced around 132,000-158,000 km® of the sediment now
preserved in the Song Hong-Yinggehai Basin (17-21% of the total), the primary
depocenter of the Red River. This flux does not negate the need for drainage capture in
the Red River to explain the large Cenozoic sediment volumes in that basin but does
partly account for the discrepancy between preserved and eroded sediment volumes. OSL
ages from terraces cluster in the Early Holocene (7.4-8.5 ka), Pre-Industrial (550-320 yr
BP) and in the recent past (~150 yr BP). The older terraces reflect high sediment
production driven by a strong monsoon, while the younger are the product of
anthropogenic impact on the landscape caused by farming. Modern river sediment is
consistently more weathered than terrace sediment consistent with reworking of old
weathered soils by agricultural disruption.

Introduction

Erosion of the continental crust is controlled by surface processes that in turn are
partly influenced by climate, lithology, and tectonic deformation of the lithosphere.
Debate continues about whether climatic or solid Earth forcing dominates the formation
of sediment from bedrock (Burbank et al., 2003; Bookhagen et al., 2005a; Clift, 2006;
Dortch et al., 2011). Interpretation of the geologic record requires an understanding of
modern sediment production and transport processes. Furthermore, long-term recycling
of the continental crust is inherently tied to continental erosion, delivering material that
can then be reincorporated via subduction back into the mantle (von Huene & Scholl,
1991; Clift et al., 2009).

Previous studies investigating erosion have focused on active mountain belts
where tectonic and climatic processes are often intimately linked (Pratt-Sitaula et al.,
2004; Kirby & Ouimet, 2011; Blothe ef al., 2014). In many cases, it is hard to separate
the relative influence of these primary drivers of erosion. In this study we address this
issue by evaluating a fluvial system in a largely tectonically quiescent setting. By doing
so we aim to isolate the effects of climate in controlling patterns and rates of erosion. We
choose to do so in an Asian monsoonal system because this atmospheric phenomena is
often cited as a type example for the influence of surface processes on solid Earth
systems (Beaumont et al., 2001; Hodges et al., 2004). Furthermore, several Quaternary
records of monsoonal strength exist across the region (Dykoski et al., 2005; Yancheva et
al.,2007; Hu et al., 2008) allowing us to directly correlate landscape evolution and
climate variability.

We examine the development of the Song Gianh Basin (Gianh River Basin) since
the start of the Holocene (~10 ka) to understand how changing monsoon strength has
influenced sediment production and transport. The small size (~3500 km?®) and simplicity
of its tectonic setting permits a comprehensive basin-wide analysis of sediment
production in contrast to logistically more challenging, large fluvial systems (>1000 km)
such as the Yangtze, Mekong, and Red Rivers, which also have more complex and long
sediment transport systems. In addition, the Song Giang originates from the eastern
Annamite Range and directly drains into the South China Sea across a relatively high
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topographic gradient from the mountainous terrain to the narrow coastal plain (Fig. 1).
This means that sediment could potentially be transported rapidly through the Song
Gianh with less possibility for storage and reworking in wide flood plains that can act as
sediment buffers and result in signal shredding, as seen in larger rivers (Castelltort & Van
Den Driessche, 2003; Wittmann ef al., 2011; Simpson & Castelltort, 2012; Bracken ef al.,
2015).

Geological Setting

The Song Gianh drains the coastal Annamite Range of central Vietnam and flows
to the Gulf of Tonkin. The Song Gianh does not have a well-developed delta but a simple
river mouth. Longshore currents remove sediment delivered by the river and transport
them southward. North of the river mouth is a large complex of dunes (~40 km?) that
might have acted as a source for sediment to the river but does not appear to influence the
modern flux as this complex does not now drain into the Song Gianh (Fig. 1). The river
has a relatively narrow coastal plain that rises to the SW where the backbone of the
Annamite Range separates the Song Gianh from streams that flow to the west and into the
Mekong River. The highest topography exceeds 2 km elevation, but much of the basin is
more low lying with gorges in the upper reaches ~600—-800 m deep. Aggradational river
terraces are found in the upper reaches of the Song Gianh Basin, but are of very limited
extent. However, in the middle reaches, more extensive aggradational terracing,
involving at least three separate levels, is recognized. Terraces heights above the modern
river level are <11 m. No terraces extend around or near the river mouth.

The continental margin formed during the opening of the South China Sea,
starting in the Eocene (Ru & Pigott, 1986; Franke et al., 2014). Located at the end of the
Red River Fault, one of the largest strike-slip systems on Earth, the Song Hong-
Yinggehai Basin is a major pull-apart structure linked to that fault (Rangin et al., 1995;
Zhong et al., 2004). The Song Hong-Yinggehai Basin is the primary depocenter for the
Red River and is also supplied by sediment by the Song Gianh, along with other small
rivers draining the northern Ammanite Range. Although active opening of the Song
Hong-Yinggehai Basin ceased at ~17 Ma, there was modest reactivation after ~5 Ma, at
least in the northern part of the basin (Rangin et al., 1995; Clift & Sun, 2006). The
northern Vietnam margin faces the island of Hainan, which is known to have been
affected by volcanism and surface uplift since the Pliocene (Tu et al., 1991; Shi et al.,
2011). Further south the Central Highlands of Vietnam were affected by volcanism, uplift
and erosion ~8 Ma (Carter ef al., 2000). Nonetheless, the expectation is that the Song
Gianh has been largely unaffected by more recent phases of tectonic activity and is now
in a state of slow subsidence linked to passive margin thermal processes. There are no
seismic or GPS-related data to indicate active deformation of the bedrock (Michel et al.,
2001).

The bedrock of the Song Gianh is largely composed of a variety of Paleozoic to
Triassic sedimentary and metasedimentary rocks, intruded by modest volumes of
peraluminous granites and rhyolites (Fig. 2). The metamorphism and magmatism are
linked to the Permo-Triassic Indosinian Orogeny (Carter et al., 2001; Lepvrier et al.,
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2004) that affected much of Indochina . It is unclear to what extent the basin was affected
by Cenozoic extension, such as that documented further south in the Kontum Massif, but
this is also now inactive (Nagy ef al., 2001). This means we can interpret erosion more
simply, largely in terms of the climate and topography.

Here we address the Song Gianh’s development since the start of the Holocene,
which is a time over which detailed multiproxy records for monsoon intensity exist in SE
Asia. In particular, speleothem records from Dongge Cave in SW China represent the
closest high resolution reconstruction (Dykoski et al., 2005; Duan et al., 2014). Although
some doubts have been cast concerning the interpretation of such cave records (Clemens
et al., 2010) they are broadly in accord with other paleoenvironmental records, such as
loess or upwelling productivity proxies (Mohtadi ef al., 2011). These show an
intensification of the East Asian summer monsoon after ~11 ka, reaching a maximum ~8
ka, followed by a long-term decrease until present, albeit sometimes in steps rather than a
continual slow decline. Farther north in the Red River catchment, shifting erosion
patterns are tied to Holocene changes in summer rainfall (Hoang et al., 2010a). In general
times of strong summer monsoon are associated with faster erosion and sediment supply
to deltas across Asia (Goodbred & Kuehl, 2000).

Methods

We use several methods to constrain the source of sediment in the Song Gianh
and to quantify how sediment is mixed downstream before reaching the ocean. Modern
river sediments were collected across the basin to characterize the compositions of the
major tributaries flowing into the Song Gianh mainstream and assess the relative impact
of each tributary to the total budget. Samples were taken from active channel beds and
point bars with care to avoid bank material and in facies that were recently reworked by
the river (Table 1). The fine- to medium-grained sand fraction was preferentially sampled
because this size fraction is targeted for single-grain mineral provenance techniques.
Samples were also taken from selected aggradational terraces for optically stimulated
luminescence (OSL) dating.

Major and Trace Element Geochemistry

Each bulk, unsieved sediment sample was analyzed for major and trace elements
to provide a basic characterization of the material that was also assessed with other
isotopic and thermochronologic methods and to constrain the degree of chemical
weathering. Carbonate was not removed prior to digestion. During chemical weathering
the ratios of water-mobile versus water-immobile elements change because of mineral
breakdown. Alkali earth elements are commonly used in such proxies because they are
relatively mobile, and when compared to immobile elements, track the degree of leaching
(e.g., K/Al).

For elemental analysis all samples were freeze-dried and ground before mixing
600 mg of sample with 3600 mg of lithium tetraborate (Li,B407, Spektromelt). The
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samples were pre-oxidized at 500°C with NH4NOs3 and fused to glass-beads. Samples
were then were analyzed for Si, Al, Ti, Fe, Na, Ca, K, P and Rb by X-Ray Fluorescence
(XRF) using a Philips PW 2400 X-Ray spectrometer at the Institut fiir Chemie und
Biologie des Meeres (ICBM) at the Carl von Ossietzky Universitit, Oldenburg, Germany.
XRF measurements were performed using the method of Boning et al. (2009). Overall
analytical precision and accuracy were monitored by measurements of several in-house
standards and the certified standard GSD-12, and were better than 3%. All data are
presented in Table 2. Bulk sediment terrace OSL samples were analyzed separately by
ICP-AES methods at the University of Utah, as described below, as part of the OSL
methodology.

Isotope Geochemistry

Selected sediments were also analyzed for Sr and Nd isotopes because these
systems have an established track record of being reliable provenance and chemical
weathering proxies in sedimentary systems and have been applied successfully in the
Mekong and Red Rivers (Liu ef al., 2007; Clift et al., 2008b). Nd is a water-immobile
element and is generally considered not to experience isotopic fractionation during
weathering and erosion processes (Goldstein ef al., 1984). The Nd isotopic composition
broadly reflects the average age and lithology of the crust being eroded so that sediments
from ancient continental crust have different signatures compared to those derived from
younger igneous bodies. Sr is water mobile and may be affected by weathering processes
as well as the provenance (Derry & France-Lanord, 1996). Unweathered rocks show
correlation between Nd and Sr isotopes, but *’Sr/**Sr values tend to increase with
stronger alteration (Derry & France-Lanord, 1996; Hu et al., 2013). Sr isotopes are
strongly affected by the presence of carbonate and care was taken to decarbonate samples
prior to analysis. This was especially important in the Song Gianh because of the
presence of common limestone exposures, especially in the southern part of the basin
(Fig. 2). This means that our analysis only constrains the provenance and alteration of the
siliciclastic fraction. Much of the carbonate load is in any case dissolved and is not
represented in the analyzed bedload (see the low CaO values, Table 2).

Prior to total digestion all samples were leached using buffered acetic acid to
remove any carbonate-bound Sr. This was followed by a leach with 25% (v/v) acetic acid
and 0.02 M hydroxylamine hydrochloride (HH) to remove Sr contained in authigenic
Mn-Fe-oxides, which may also concentrate Nd. Hence, the Sr and Nd isotopic signatures
is assumed to result solely from the silicate fraction (plus perhaps fractions of dolomite).
The leached sediments were then digested in closed PTFE vessels (Boning et al., 2004).
The samples and the certified standard BCR-2 (50 mg), as well as a blank, were treated
with HNOj overnight to oxidize any organic matter. After that HF and HCIO4 were added
and the vessels were heated for 12 h at 180°C. All acids were of suprapure quality. After
digestion, acids were evaporated on a heated metal block (180°C), residues were
redissolved and fumed off three times with 6N HCIl, and finally taken up in 1IN HNOs.

From the resulting solutions, rare earth elements (REEs) and Sr were isolated
from major elements and separated from each other by two-step column chemistry using
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Eichrom TRU-Spec resin. Nd was then isolated from interfering REEs using Eichrom
LN-Spec resin with 0.23—0.25 N HCI as eluant. The TRU-Spec Sr-Rb cut was loaded on
Eichrom Sr-Spec columns to isolate Sr using Milli-Q water.

The isotopic compositions of Nd and Sr were analyzed on a Thermo Neptune Plus
Multicollector ICP-MS at the ICBM. For Nd isotope analyses, all samples were corrected
for internal mass fractionation using "**Nd/'**Nd = 0.7219 and an exponential law. Each
measurement session was accompanied by multiple analyses of the Nd standard JNdi-1
with sample-like concentrations, and '**Nd/'**Nd ratios of all samples were normalized to
the reported JNdi-1 value of '*Nd/'**Nd = 0.512115 (Tanaka et al., 2000). The Nd
isotopic composition is expressed in exg notation:

ena=[(PNd/"**Nd)sampte/ (“°Nd/'***Nd)cuur - 1] * 10°

("*Nd/"**Nd)cyur is the Chondritic Uniform Reservoir with a value of 0.512638
(Jacobsen & Wasserburg, 1980).The external reproducibility is calculated for each
session separately using the analyses of JNdi-1 and was generally better than £0.000015
or & 0.3 &ngq units (26). The BCR-2 standard (n = 4) had an exg value of 0.1 (£ 0.3, 20)
and was well within the reported exg value of 0.0 + 0.2 (Raczek et al., 2003). The
procedural blank was < 30 pg Nd.

For Sr isotope analyses, all samples were corrected for mass fractionation using
86Sr’®8Sr = 0.1194 and the exponential law. Measurements were accompanied by multiple
analyses of NBS987 with sample-like concentrations, and $7S1/*%Sr ratios of all samples
were normalized to the reported value of 0.710248 (Thirlwall, 1991). Furthermore, Kr,
Rb and Ba contents were monitored and found to be negligible. The external
reproducibility is calculated using the analyses of NBS987 and was generally better than
50 ppm (20). The BCR-2 standard (n = 4) had a *’Sr/**Sr ratio of 0.70502 + 0.00004 (20)
and was within the reported *’Sr/*Sr ratio of 0.70496 + 0.00002 (Raczek et al., 2003).
The procedural blanks were negligible throughout. Results are reported in Table 3.

Detrital zircon U-Pb geochronology

Detrital zircon U-Pb dating has become a popular and effective technique for
evaluating sediment provenance in clastic systems because zircon is a common mineral in
continental rocks of many compositions, and is chemically and mechanically durable
enough to survive multiple cycles of erosion, transport and sedimentation. Grains >50 um
across were analyzed, reflecting the spot size of the laser employed. Yang ef al. (2012)
revealed that younger zircons were larger or more variable in size than the older grains in
the Yangtze River, indicating the potential influence of hydrodynamic fractionation on
zircon size and age. Yang et al. (2012) concluded that the 63—125 um size fraction
yielded almost the same age distribution as the total zircon population, and can
effectively demonstrate all significant age populations. Our analysis may thus be
expected to be representative of the bulk composition. Given that the Song Gianh is so
much shorter than the Yangtze any grain size effect would be even less significant,
because there must be less abrasion of zircons during transport.
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Detrital zircons were dated using the U-Pb method at the London Geochronology
Centre facilities at University College London, using a New Wave Nd:YAG 193 nm laser
ablation system, coupled to an Agilent 7700 quadrupole ICP-MS. Around 100-120 grains
are considered generally sufficient for characterizing sand eroded from a geologically
complicated drainage basin (Vermeesch, 2004). Real time U-Pb data were processed
using GLITTER 4.4 data reduction software. Repeated measurements of external zircon
standard Plesovice (TIMS reference age 337.13+0.37 Ma)(Slama et al., 2008) and NIST
612 silicate glass (Pearce ef al., 1997) were used to correct for instrumental mass bias and
depth-dependent inter-element fractionation of Pb, Th and U. For this study **°Pb/>*U
ages are used for grains younger than 1000 Ma, and for zircon grains older than 1000 Ma
we used the *’Pb/**°Pb ages to calculate the crystallization age. Because some grains are
discordant we chose to only plot those grains when the discordance was less than 15%.
Table 4.

Detrital Apatite Fission Track Geochronology

Two samples were analyzed for apatite fission track dating. The low-temperature
apatite fission-track method, which records cooling through ~60—-125°C over timescales
of 1-10 m.y. (Green et al., 1989) is particularly sensitive to exhumation driven by erosion
and has been widely used in exhumation studies worldwide. Fission track analyses were
performed at University College, London, UK. Polished grain mounts of apatite were
etched with SN HNOs at 20°C for 20 s to reveal the spontaneous fission-tracks. Etched
grain mounts were packed with mica external detectors and corning glass (CN5)
dosimeters and irradiated in the FRM 11 thermal neutron facility at the University of
Munich in Germany. Following irradiation the external detectors were etched using 48%
HF at 20°C for 25 minutes. Sample ages were determined using the zeta calibration
method and IUGS recommended age standards (Hurford, 1990). The results of the fission
track analyses are presented in Table 5.

In situ '’Be cosmogenic nuclide data

In situ-produced cosmogenic isotopes (e.g.,'"Be) are routinely measured in quartz
from river sediment for estimating denudation rates in steady-state hill-slope settings over
time scales relevant to soil formation processes, i.e., millennial (Bierman & Steig, 1996;
von Blanckenburg, 2005; Granger & Riebe, 2007). These estimates can be compared with
other methods, such as fission track to determine the temporal stability of erosion rates.
In this study we only analyzed the river mouth sample using this method in order to
determine the basin-wide integrated denudation rate in the recent past. Sample processing
was done at the Deutsches GeoForschungszentrum (GFZ), in Potsdam, Germany. The
sample was dried, sieved into a grain size range of 90 to 300 um, and pure quartz was
separated using magnetic separation followed by etching with weak HF, flotation, and
ortho-phosphoric acid treatments until Al concentrations (being indicative of feldspar
contents) were below 300 ppm (as subsequently evaluated using optical emission
spectroscopy, OES). We used the simplified method of von Blanckenburg ef al. (2004) to
separate in situ-produced '°Be from the sample matrix. Prior to final decomposition using
concentrated HF and Fe and Be column chemistry, a final leach in aqua regia was done to
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remove remaining atmospherically-produced '°Be. About 0.42 g of a *Be carrier with a
concentration of 372 ppm was added to the sample, determined to contain a '’Be/’Be
ratio of 3.4 £ 0.5x107"° , whose amount was subtracted from the measured 10Be
concentration. After column chemistry and alkaline precipitation, the sample was
oxidized and pressed into accelerator mass spectrometer (AMS) cathodes and was
measured at the Cologne University AMS facility (Dewald et al., 2013) relative to
standards KN1-6-2 and KN1-5-3 (having nominal '’Be/’Be ratios of 5.35x10™"* and
6.32x107'%, respectively) normalized to a '’Be half life of 1.39 m.y. (Chmeleff et al.,
2010; Korschinek ef al., 2010).

Conversion of a blank-corrected '°Be concentration (Table 6) to a denudation rate
was done using the atmospheric time-independent scaling scheme of Dunai (2000),
calculated for pixel-based altitudes derived from 90 m resolution DEM, relative to a total
sea level high latitude (SLHL) '°Be nuclide production rate of 4.682 at/gxyr (Roller et al.,
2012). These calculations resulted in a total mean basin-wide '’Be production rate of 3.37
at/gxyr (Table 6) for the Song Gianh catchment. This basin-wide production rate is
lowered to a rate of 2.90 at/gxyr (Table 6) when a lithology correction is employed for
areas of karstic limestone (not producing any '°Be). These areas, identified mainly as
Devonian limestones (Fig. 2), were excluded from production rate calculations. An
uncertainty of 5% incorporating production rate and scaling errors was propagated into
the calculated denudation rate error (yielding an external error for inter-method
comparison). Note that a correction for geomagnetic variation in the intensity of Earth’s
magnetic dipole field was not carried out for the derived production rate. Topographic
shielding on production rates was deemed negligible for the studied catchment.

Optically Stimulated Luminescence Dating

Depositional ages of sediment in the terraces were determined by optically
stimulated luminescence (OSL) dating of quartz sand. While OSL dating can be
challenging in fluvial environments, deposits from these settings can be accurately dated
by selecting depositional facies most likely to have been reset by sunlight exposure
(Fuchs & Owen, 2008; Rittenour, 2008; Wyshnytzky et al., 2015). We preferentially
targeted well-sorted, horizontally bedded sand lenses from fluvial deposits to reduce the
influence of incomplete resetting (partial bleaching) of the luminescence signal.

Samples for OSL dating were collected by pounding opaque metal pipes into
target horizons within the sediment exposures and sealing the ends of the tightly packed
tubes to prevent light exposure and sediment mixing. Samples were sent to the Utah State
University Luminescence Laboratory for processing to purified quartz separates for
analysis. Samples were treated with dilute HCI and chlorine bleach to remove carbonates
and organics followed by heavy mineral separation (sodium polytungstate, 2.7 g/cm’) and
treatment in concentrated HF to remove feldspars and etch the quartz grains. The purity
of the quartz separates was checked by monitoring response to infra-red stimulation;
contaminated aliquots were not used for age calculation.
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Samples for environmental dose rate determination were collected from a 30 cm
diameter area surrounding the OSL sample tube. Sediments were homogenized and
representative samples were analyzed for radioisotope concentration using ICP-MS and
ICP-AES techniques (Table 7). These concentration values were converted to dose rate
following the conversion factors of Guérin et al. (2011) and beta attenuation values of
Brennan (2003). Contribution of cosmic radiation to the dose rate was calculated using
sample depth, elevation and latitude/longitude following Prescott and Hutton (1994).
Total dose rates were calculated based on water content, radioisotope concentration, and
cosmic contribution (Adamiec & Aitken, 1998; Aitken, 1998).

Small aliquots (50-200 grains) of quartz sand were analysed using the single-
aliquot regenerative-dose (SAR) technique (Murray & Wintle, 2000) on Risg OSL/TL
DA-20 luminescence readers with blue-green (470 nm, 36 W/m?) stimulation and
detection through 7.5-mm UV filters (U-340). Stimulation was conducted at 125°C
following 240°C preheats (10 s) for regenerative and natural doses. OSL ages were
calculated from 28—41 aliquots that passed rejection criteria related to feldspar
contamination (IRSL signal to background ratio >2) and performance related to repeat-
point (>15% difference) and zero-dose tests (>5% signal recuperated). Equivalent dose
(Dg) values were calculated using either the central age model (CAM) or minimum age
model (MAM) of Galbraith and Roberts (2012).

Results
Major Elements

The major element compositions of the samples show a typical range for quartz-
rich sands. Rarely is the major element geochemistry diagnostic for provenance but it can
be effective in determining the intensity of chemical weathering. This can be assessed
using the “Chemical Index of Alteration” (CIA) proxy developed by Nesbitt ez al. (1980)
and expressed as:

A1203+Na20+K20+CaO*

cia = ( ) * 100

CIA compares the relative leaching of mobile elements K, Na, and silicate-only Ca
against immobile Al as minerals, such as feldspar, weather to clay. CIA values close to
100 indicate intense weathering, where values around 50 indicate negligible weathering.
Where excess CaO is present in carbonates and phosphates, a correction is made by
assuming reasonable Ca/Na ratios from the silicate material and correcting for CaO in
phosphate (Singh et al., 2005).

Figure 3 indicates that CIA values range from 57 to 73 and vary in relation to the
Si0; content, which can serve as a proxy for the quartz content of the sediment. Our
samples show negative correlation to CIA with increasing silica content, which is typical
of grain size variation in fluvial sediments.
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There is a general decrease in CIA variation downstream towards the river mouth
as shown in Figure 4. The highest values are seen in the upper reaches of the mainstream
but decrease rapidly towards the river mouth. The Song Trac is noteworthy in that it has
relatively high CIA values that contrast with the lower values seen in all other tributaries.
Sediments in the terraces within the upper reaches and within the Song Trac have lower
CIA values than the modern adjacent rivers.

Sr and Nd Isotopes

Figure 5 shows the variation in Sr and Nd isotopes for the Song Gianh and other
SE Asian rivers, as well as potential source terranes in the Kontum Massif and Central
Highlands (Fig. 1). The isotope compositions of Song Gianh indicate more negative eng
values than other major SE Asian rivers and generally high *’Sr/**Sr values. We note that
when considering only the Song Gianh samples there is no coherent correlation between
the isotopic systems.

Along the mainstream, much variation is recognized in *'Sr/**Sr values of
decarbonated sediment (Fig. 6A) with most variation occurring in the upper reaches of
the mainstream. It is noteworthy that the Rao Tro and Mai Hoa tributaries have relatively
high *’Sr/**Sr values compared to the mainstream. The *’Sr/**Sr values of the mainstream
fall from upstream to downstream of the Mai Hoa. After this confluence, there is little
compositional variability downstream. The Song Trac and Song Nan tributary *’Sr/*°Sr
values lie close to the values of the mainstream.

Similar to the Sr isotopes, the eng values of the mainstream are stable downstream
of the Mai Hoa confluence (Fig. 6B). The northern tributaries, the Rao Tro and Mai Hoa,
show distinctive, more positive eng values than the mainstream river. The mainstream eng
values do not vary significantly downstream after the confluences of these tributaries. In
contrast, the Song Nan and Song Trac have eng values that are slightly more negative than
the mainstream.

Detrital Zircon

The distribution of ages for detrital zircons can be best compared graphically with
kernel density estimation (KDE) diagrams. Figure 7 shows the range of measured zircon
ages younger than 3.5 Ga for all the samples in our study, together with basement
analyses from the Kontum Massif, Khorat Plateau, and Central Highlands. Although
these do not directly source the Song Gianh they represent basement data from the
Indochina Block that might have equivalents within our drainage. Each sample has a
unique age spectrum but there are resolvable age peaks that can be identified in many
samples. One prominent peak spans 100-380 Ma, with a maximum age ~250 Ma; this
peak characterizes many rocks in SE Asia and is typically indicative of the Indosinian
Orogeny (Carter et al., 2001; Lepvrier ef al., 2004). Another common population at ~450
Ma is sometimes referred to as “the Caledonian event” (Chen & Jahn, 1998) or the Wuyi-
Yunkai (or occasionally Kwangsian) Orogeny (Li et al., 2010). A broad population of
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ages spanning 700—1100 Ma are correlative with rocks of that age from the Yangtze
Craton, commonly referred to as the Jinningian (Li, 1999). An older group of zircons
ages from 1750-2200 Ma match similar aged rock are referred to as the Luliangian from
eastern Asia (Chen & Jahn, 1998). The number of older grains are somewhat fewer,
although peaks are identified at ~2500 Ma and rarely ~2800 Ma.

It is noteworthy that the river mouth is characterized by a particularly large peak
at ~250 Ma, a characteristic that is shared by the Rao Tro tributary. This peak is common
in many of the Song Gianh zircon spectra, but other tributaries’ spectra include other
prominent, older populations as well. These older peaks are not dominant at the river
mouth or Rao Tro spectra.

Apatite Fission Track

A single sample (14052705) yielded sufficient apatite to generate a statistically
meaningful result that allows us to examine the average cooling history of bedrock in the
Song Trac (Fig. 8). A single age population exists in the Song Trac with a central age of
54.5 £ 3.5 Ma as shown by a radial plot (Fig. 8A) and a KDE diagram (Fig. 8B) that also
highlights the tail of older ages back to 120 Ma.

Denudation rates from detrital "’Be concentrations

The measured in situ cosmogenic denudation rate at the river mouth is 29.5 + 2.4
mm/k.y. (calculated using the limestone-corrected production rate). The integration time
scale of this denudation rate is 33 k.y., corresponding to the time necessary to erode one
attenuation depth scale (60 cm in rock or 100 cm in soil).

OSL dates

Results of OSL dating indicate four possible times of terrace construction within
the basin (Table 7). In the upper reaches two samples within a single prominent, 11 m
high terrace, show that it was constructed ~7.4-8.5 ka, during the Early Holocene. This
terrace or an equivalent aged surface were not found in the lower reaches. A younger
terrace, around 8 m above the modern stream, was identified nearby within the Mai Hoa
confluence area and was dated at 550 £ 190 years ago. A slightly younger terrace was
dated at ~320 % 90 years ago within the Song Trac, standing 3—4 m above the modern
river level. The youngest terrace, also found in the Song Trac, is elevated only ~1.5 m
above the modern river and constructed against the 320 + 90 years terrace. This was
dated at 150 = 140 years ago.

Discussion
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Chemical Weathering

The degree of chemical weathering in the Song Gianh is not especially high but is
largely a function of the quartz-rich, coarse-grained character of the sediments. Figure 3
compares our samples with bulk sediments from the Mekong, Pearl and Red Rivers (Liu
et al., 2007). Analyses from the Pearl and Mekong Rivers are limited to fine-grained
sediments and are not surprisingly more altered than Song Gianh sediment. Red River
sediments, however, also span sandier compositions and are generally lower in CIA (Clift
et al., 2008b) than the Song Gianh at any given silica composition. This implies that the
Song Gianh sediments are more altered than those found in the Red River. Sediments
from the Song Gianh reach extremely high silica contents by the river mouth. Because the
Red River and the Song Gianh have very similar climates, we argue this stronger degree
of chemical weathering is a reflection of the long-term tectonic stability of the Song
Gianh Basin compared with the still tectonically active drainage basin of the Red River
(Michel et al., 2001; Zuchiewicz et al., 2013). This is despite the fact that the Song Gianh
is a smaller basin than the Red River, and would be expected to have much shorter
sediment transport time. If relief and tectonic activity are lower in the Song Gianh than
the Red River then this would favor longer residence of sediment on hillslopes that would
allow more alteration to occur.

The downstream variation in CIA might suggest reduced chemical weathering
with longer sediment transport (Fig. 4), but we believe that this trend is largely a grain-
size and quartz content effect. Longer transport typically produces increased chemical
weathering in contrast to what we observe here.

It is noteworthy that the terrace sediments, regardless of age, have lower CIA
values than the adjacent modern river (Fig. 4), although the youngest terraces are the least
weathered. This may imply that the modern river is in a state of disequilibrium and
presently carries more weathered material than what has been carried in the geologic past.
This observation is surprising because sediment stored in terraces has more time to
become weathered than sediment recently derived from bedrock. Evidence from the
Amazon Basin suggests that the amount of weathering in flood plains may be rather low
(Bouchez et al., 2012), but even if that were true we would not expect terraces to be less
weathered than sediment in the adjacent river. We suggest the current highly weathered
character of the modern river sediments reflects reworking of old weathered soils as a
result of agriculture and/or deforestation, as noted in the Red River and Pearl River
systems (Hu et al., 2013; Wan et al., 2015). Although settlement in northern Vietnam is
known from ~11 ka population densities remained low and early communities were
reliant on hunter-gatherer methods that did not greatly impact erosion (Rabett, 2012).
However, rice cultivation spread to the Red River delta after ~3300 yr BP (Li et al., 2006;
Sweeney & McCouch, 2007; Fuller, 2011) and would have spread further south after that
time. Plowing related to the spread in agriculture into the Song Gianh Basin may have
disturbed old, strongly weathered soils that have been reworked into the modern river.
This process should continue as the region becomes more densely settled today.

Sediment Provenance
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Provenance of the bulk sediment can in part be constrained by the Sr and Nd
isotopic values. Figure 5 shows that one Song Trac sample overlaps, with sediments
from the Red Rivers (Liu et al., 2007), suggesting erosion from similar bedrock types. It
is clear that there is no sediment derivation from bedrock in the Central Highlands or
other equivalent sources because the Song Gianh does not drain these areas. The high
%7Sr/*Sr values may reflect higher chemical weathering and are not simply provenance
driven, as shown by the lack of close correlation between the Sr and Nd isotopes (Fig. 5).
Sr isotopes do not correlate closely with CIA or other weathering proxies either because
there is also a provenance influence on these values. Nonetheless, Song Gianh samples
largely have more negative eng values compared to the Red River or the basement rocks
of the Kontum Massif, which is the closest characterized bedrock exposure known in the
literature (Lan ef al., 2003). The data from the Red River and Kontum Massif may be
interpreted as possibly representative of the average bedrock sources of Indochina. These
data suggest that the Song Gianh is preferentially eroding more ancient crustal material
(negative eng) than is typical of Indochina and may likely represent local compositional
heterogeneity within the Indochina Block.

Variability in Sr isotopes in the upper reaches of the Song Gianh is followed by
little variation downstream of the Mai Hoa confluence (Fig. 6). This pattern suggests that
there is significant sediment addition upstream of that point and that there is little
addition downstream. In particular, we note that the mainstream does not change
substantially downstream of the Mai Hoa and Rao Tro confluences in terms of the Sr
isotope compositions. This argues that these tributaries are not significant sources of
sediment, although it is possible that influx from the Rao Tro is balanced by the more
negative eng contributions from the southern tributaries. The *'Sr/*°Sr values for the
southern tributaries, however, argue against this possibility because their values lie quite
close to the mainstream *’Sr/*Sr values. If there had been significant sediment input from
the Rao Tro, in order to produce the *’Sr/**Sr values seen at the river mouth, very large
quantities of sediment would have to be supplied from the southern tributaries to balance
that addition. We consider this to be unlikely.

To help understand the different influences from individual tributaries
Kolmogorov-Smirnov distances between samples were fed into a multidimensional
scaling (MDS) algorithm to convert the data into a 'map' (Fig. 9) to display the relative
distances (similarities) between the data (Vermeesch, 2013). The map shows most
samples cluster on the right hand side of the plot reflecting a mixing of sources and
similarity in the spectrum of U-Pb ages. A notable exception is the sample from Rao Tro
(12061712), which has a narrow range of ages, mostly confined to the early Mesozoic.
The upper reaches of the Rao Tro include granites of this age. The drainage of a nearby
sample (12061711) from the middle reaches of the mainstream contains a much wider
range of older zircon ages reflecting erosion of Triassic clastic sedimentary rocks.
Granites also dominate in the southwest of the catchment, however samples from the
Song Trac, which drains this area, show a mix with older zircons ages indicating that the
Triassic sedimentary rocks from the upper reaches are mixing with eroded granite.
Interestingly, the sample from the river mouth only contains a moderate component of the
older ages diagnostic of Triassic clastic rocks and shows similarities to the sample from
the Rao Tro in containing a larger proportion of granitic ages. This suggests that the
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granite-rich northeastern part of the catchment is producing a significant amount of the
Zircons.

This provenance model for at least the 63—250 pm fraction can be further tested
by examination of the KDE plots. A wide variety of different spectra are found across the
basin (Fig. 7) but the Rao Tro and mainstream river show distinctive similarity in having
a prominent Indosinian ~250 Ma peak. The source of sediment to the river mouth is
clearly more complicated because of the appearance of older zircon populations that are
uncommon in the Rao Tro sample. Note that the river mouth does not plot directly with
the Rao Tro sample in Figure 9. The ~1800 Ma peak observed in the upper reaches of the
mainstream has disappeared in the river mouth sample, suggesting that substantial
volumes of zircon-bearing sediment has been added to the mainstream, downstream of
sample 12961711. Significant Rao Tro sediment flux to the mainstream is required to
dilute the sediment from the upper reaches and generate the spectrum from the river
mouth. Modest flux from the Song Nan may account for the smaller age peak at ~450 Ma
seen at the river mouth. Likewise, major input from the Song Trac can be ruled out based
on the lack of prominent peaks older than ~700 Ma in the river mouth sample but which
are typical of the Song Trac.

We can further evaluate the input of sediment if we track the relative abundance
of diagnostic zircon age populations downstream (Figs. 10A-E). Using the KDE diagrams
we define the following as diagnostic populations, whose abundance can be used to
understand sediment mixing: 100-380 Ma, 380-500 Ma, 700-1100 Ma, 1750-2200 Ma,
and 2200-2800 Ma. Zircon populations not included in these groups are ubiquitous
across samples or very rarely occur. We normalized to 100% the budgets of each sample,
excluding zircon outside these five groups. Figure 10 demonstrates the evolution of the
Song Gianh downstream, as well as the character of each of the major contributing
tributaries. We note that there is an increase in the 100380 Ma (Fig. 10A) zircon group
from the upper reaches of the mainstream (20%) to the river mouth (50%). Low
proportions of these 100-380 Ma grains in the southern tributaries preclude them from
driving this trend. The Rao Tro could in part control this evolution because 100-380 Ma
grains are prevalent in this tributary. This interpretation is consistent with the trends
observed in the 1750-2200 Ma (Fig. 10D) and 2200-2800 Ma (Fig. 10E) plots, although
contribution from the southern tributaries could explain the changes in these two groups
downstream.

In contrast, the downstream increase in 380-500 Ma (Fig. 10B) and 700—-1100 Ma
(Fig. 10C) zircons would seem to argue for influx from the southern tributaries that are
relatively rich in those zircon groups compared to the northern Rao Tro. This
inconsistency suggests that our samples are not perfect representatives of the long-term
flux of the river. Furthermore, we have not fully characterized all the smaller tributaries
contributing to the mainstream, such as along the middle reaches. Nonetheless, based on
the data that we do have and statistically supported by MDS, the Rao Tro or other rivers
rich in 100-380 Ma zircon must be important contributors to the total zircon budget of
the 63—250 um fraction. In particular, the fact that the 100—380 Ma zircon group accounts
for almost half of the total zircon at the river mouth is striking. We note that more
analyzed grains (Pullen ef al., 2014) would provide a more accurate estimate of the
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frequency of each age population, but we are confident in that no analytical bias can
account for the 20% to 50% change in 100—-380 Ma zircons.

Fluvial Disequilibrium

If we accept the conclusions of the detrital zircon budget there is clearly a
discrepancy between the results of our bulk sediment isotope and zircon data. The former
suggests large-scale sediment generation in the upper reaches of the mainstream, while
the latter argues for significant input from the Rao Tro (Figs. 6 and 10). One possible
solution to this mismatch is that the bulk sediment is dominated by material finer than the
analyzed zircon fraction (63—250 um). Although possible, our bulk samples tended to be
sandy and not contain large amounts of fine material. Alternatively it is conceivable that
phases rich in Nd are travelling through the river at a different speed than the zircons, so
that if erosion patterns changed in the past the two systems might not be in agreement in a
river that is in disequilibrium. Gargon et al. (2014) showed that monazite strongly
controls the Nd content of bulk sediments. Monazite however, has a high density similar
to that of zircon, so it is questionable whether these two phases would be separated by
hydrodynamic sorting, despite moderate differences in crystal morphology. Gargon et al.
(2014) recognized the possible role of biotite, clay, and titanite as other Nd controlling
phases. Consequently preferential sorting of biotite and clay compared to zircon may
explain this discrepancy provided erosion patterns have changed in the past. Effectively,
the lag time in zircon transport relative to micaceous Nd-rich phases is significant
because of their morphology and density. Changing monsoon strength and
settlement/farming patterns might be expected to change erosion patterns so that the river
sediment compositions change on millennial timescales. Because these erosional signals
travel at variable rates through the river depending on the mineral phase, different proxies
yield contrasting results from the same sample. Although we have no independent control
on how quickly the river composition has changed we anticipate that this would be on
millennial and centennial time scales if climatic and anthropogenic processes are the
primary controls on erosion.

Lithological variability between tributaries might be an additional reason why
different provenance proxies tell different stories about the source of the sediment. It is
possible that the upper reaches might contain many source rocks rich in Nd while the Rao
Tro contains rocks rich in zircon, but we consider this less likely. Using Zr contents as a
proxy for zircon abundance (Amidon ef al., 2005) would suggest that the Song Nan and
parts of the Song Trac might be rich in zircon, not the Rao Tro (Fig. 2). It is possible that
rocks rich in 100-380 Ma zircons but with mainstream type eng values are exposed in the
slopes that provide sediment directly into the mainstream along its upper reaches and that
these might dominate the sediment budget and explain the apparent mismatch. A
combination of these factors may explain the contrasting provenance proxies of the Song
Gianh.

The central and southern parts of the Song Gianh Basin expose large areas of
karstic limestone (Fig. 2), which clearly do not contribute to the Sr and Nd isotopes or the
zircon data presented here. The abundance of limestone in the southern parts of the Song
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Trac could explain why little sediment is apparently produced from this tributary, despite
locally heavy rainfall, high relief and steep slopes (Fig. 11). It is likely that much of the
eroded carbonate is carried in solution, and so consequently cannot be resolved with the
methods we employ here.

Exhumation History

With a central age of ~54.5 Ma, the Song Gianh Basin yields apatite ages that are
broadly consistent with others in SE Asia (Fig. 8). Bedrock ages from the Kontum Massif
and Khorat Plateau indicate average central ages at ~43 Ma suggesting that the Song
Gianh has a typical Cenozoic exhumation history for the region. If we assume an average
geothermal gradient of 25-30°C/km, then cooling from the base of the partial annealing
zone (~110°C)(Green et al., 1989) would be equivalent to 3.7-4.4 km of exhumation
during the Cenozoic. Although central ages can be misleading if exhumation is slow, we
lack sufficient number of grains to complete detailed modelling of the process and we
assume a relatively simple exhumation history. If we calculate long-term exhumation
rates, fission track data suggest rates of 67-81 mm/ky, equivalent to 610—737 t/yr of
sediment flux.

Cosmogenic nuclide analysis indicates a denudation rate of ~30 mm/ky (Table 6),
equivalent to only 273 t/yr discharge. This is somewhat lower than rates derived by
fission track analysis. At the first-order level we can say that recent rates of exhumation
of the siliciclastic bedrock are slower than the long-term average, so must therefore have
decreased over the Cenozoic. This is consistent with thermal models for passive margin
evolution with rapid erosion and cooling during the early stages of rifting and break-up
followed by a slowing of rates during passive margin thermal subsidence (Gallagher et al.,
1995; Brown et al., 2002; Persano ef al., 2002).

Constraints on the erosion history for the Song Gianh have implications for our
understanding for how the adjacent Song Hong-Yinggehai Basin has been filled since its
opening in the Eocene. This basin is typically considered to have been filled by flux from
the Red River, and it has been noted that the volume of sediment in the basin far exceeds
the amount of erosion within the modern Red River catchment (Clift et al., 2006). This
observation was used to argue for a paleo-Red River that far exceeds the modern
catchment, in agreement with models that proposed the Red River as a former dominant
drainage of East Asia prior to large-scale Tibetan Plateau uplift (Brookfield, 1998; Clark
et al., 2004). However, this approach ignored possible flux into the basin from Hainan
Island and coastal Vietnam. While fission track studies confirm that erosion from Hainan
has been modest (Shi ef al., 2011) and largely directed to the south (Clift & Sun, 2006),
the same is not true of the coastal ranges of northern Vietnam. Hoang ef al. (2010b) noted
that clinoforms prograde from the Vietnamese coast into the basin indicating significant
flux from Vietnam.

If 3.7-4.4 km of rock has been eroded over the 3500 km? of the Song Gianh then
we can estimate the possible flux from the whole Annamite Range adjacent to the Song
Hong-Yinggehai Basin, assuming that the Song Gianh is representative of the coastal area.
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Our fission track data would estimate that 110,000-132,000 km® of rock have been
eroded during the Cenozoic from the Song Gianh and equivalent rivers draining the
Annamite Range. This would be equivalent to 132,000—158,000 km® of sediment
produced, assuming an average porosity of ~20%, as previously applied to the Song
Hong-Yinggehai Basin by Clift ef al. (2006). Using an estimate of 750,000 km” for the
total volume of the Song Hong-Yinggehai Basin, this implies that 17-21% of the total
volume could be accounted for by erosion of coastal Vietnam. While significant, this is
insufficient to completely account for the ~455,000 km” deficit between eroded and
deposited volumes estimated by Clift ez al. (2006). Our study suggests that drainage
capture for the paleo-Red River must have been important but was perhaps less than
previously envisaged (Brookfield, 1998; Clark ef al., 2004).

Controls on Erosion Patterns

Our study identifies the upper reaches of the Song Gianh mainstream as the
primary source of sediment in the basin. The zircon U-Pb data suggest a potential
important contribution from the Rao Tro in the recent geologic past, reflecting the slower
transport of zircon downstream relative to other mineral phases. Because the basin is
tectonically inactive we can exclude tectonism as a primary driver of erosion in this
particular case. Previous studies have proposed that precipitation distribution can control
the efficiency of erosion in fluvial systems (Hodges et al., 2004; Bookhagen et al.,
2005b). Figure 11A shows that there is a two-fold increase of rainfall annually in the
western side of the Song Gianh Basin than in the eastern floodplains. We note that the
western part of the basin experiencing the greatest annual rainfall currently produces the
bulk of the sediment delivered to the river mouth. This is despite the fact that
unconsolidated sediment in the floodplains would be physically easier to remobilize. We
also note that the southern Song Trac experiences heavy precipitation, but contains
predominantly carbonate lithologies so does not produce siliciclastic sediment as
quantified in this study. Hillslopes in the Song Gianh are also steepest in areas producing
the most sediment (Fig. 11B) and contain the greatest local relief (Fig. 11C). Henck et al.
(2011) suggest that erosion patterns in rivers experiencing low rock uplift rates (i.e.,
Yangtze River) are most strongly influenced by rainfall distribution in contrast to quickly
uplifting regions (i.e., Salween and Mekong River basins) where patterns are controlled
by local relief. While it is beyond the scope of this study to separate the relative influence
of precipitation versus internal basin parameters, the coincidence of rainfall in areas of
steeper slope and higher relief suggests correlation between these factors.

Terracing

Sedimentation in terraces reflects times when deposition was occurring as a result
of the sediment load exceeding the carrying capacity of the river. This requires that the
supply of sediment from the sources upstream was particularly high at times of valley
filling. The subsequent incision of these sedimented valleys is not well dated but must
come after the ages derived from the OSL dating. These ages represent the time of
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deposition, not terrace abandonment and incision. The highest and oldest terrace was
constructed during the early Holocene (7.4-8.5 ka), which was a time of strong monsoon
precipitation (Dykoski et al., 2005; Hu et al., 2008). Terracing of this age is also known
in other monsoonal regions, such as the Western Himalaya (Bookhagen et al., 2005b;
Srivastava et al., 2008). Stronger erosion often correlates with times of heavy rainfall,
which massively increases the sediment supply to the river. Our observation of an Early
Holocene terrace is consistent with earlier work suggesting rapid erosion and sediment
delivery occurs during times of strong summer monsoon (Goodbred & Kuehl, 2000; Clift
et al., 2008a). Early Holocene strong rainfall is reconstructed both in South and East Asia
(Enzel et al., 1999; Dykoski et al., 2005; Hu et al., 2008) and we suggest that the
landscape response to this climate change was the same in Southeast Asia, as previously
demonstrated in the monsoonal Himalayas (Bookhagen et al., 2005b). Because
topographic relief is more subdued in northern Vietnam the importance of landsliding
may be less in our study area compared to the South Asian examples (Dortch et al., 2009),
but the correlation between terracing and monsoon strength is nonetheless clear.

The younger, lower terraces observed in the Song Gianh do not clearly correlate
with any known monsoon intensification, although there is some indication of a possible
modest strengthening in recent times (Dykoski et al., 2005). We suggest that it is much
more likely that the increased sediment flux in the river was instead driven by the
establishment of widespread agriculture. The impact of deforestation and farming,
especially ploughing, is known to have generated large-scale soil erosion and sediment
delivery to rivers both in Asia and worldwide (Syvitski et al., 2005; Montgomery, 2007).
The extremely young age of the terracing here suggests that these younger, lower terraces
are a direct result of intensified soil erosion driven by human settlement of the basin,
possibly in two phases, one medieval and one 18—19™ century. We note that this
disruption is too young and volumetrically too small to have greatly impacted the
cosmogenic denudation rates reported here.

Conclusions

Our study highlights the utility of tectonically quiescent, monsoonally-controlled
river basins for evaluating connections between the production, weathering, storage and
flux of sediment. Study of a small basin moreover allows us to better characterize the
erosion patterns throughout the catchment in a way that is impractical in larger river
systems, where more complete sampling of all major source terranes is often impossible.

Multiple geochemical datasets from the Song Gianh indicate greatest production
of siliciclastic sediment from the steep, wettest upper reaches of the basin and modest
input from the tributaries downstream. However, detrital U-Pb zircon dating pinpoints
large volumes of sediment flux from the northern Rao Tro tributary in a drier, lower relief
part of the catchment. This apparent contrast between U-Pb zircon and bulk sediment Sr
and Nd isotopic data requires that the Song Gianh River be in disequilibrium. Bulk
sediment composition and flux are largely controlled by topographic and climatic
processes. These are modified through the Holocene as a result of a weakening monsoon
and are also influenced by sediment reworking triggered by human settlement/farming.
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Together these result in large scale millennial to centennial scale changes in sediment
provenance.

The modern river is marked by more chemically weathered sediment than found
in the river terraces. Terrace construction occurred in three pulses, the Early Holocene,
550-320 yrs ago and since ~150 yr ago. We infer that the river was oversupplied by
sediment at those times. The strong monsoon of the Early Holocene correlates with
greater sediment supply and terrace construction here, as elsewhere in South Asia.
Younger terraces are most likely a result of anthropogenic erosion related to agriculture
because there is no evidence for a strengthening of the monsoon at that time.

Song Gianh exhumation rates derived from detrital apatite fission track and
concurrent ' 'Be-derived denudation rates '°Be are largely consistent with accepted
models for a tectonically quiescent passive margin, undergoing thermal subsidence.
Exhumation is seen to slow through time since the start of the opening of the Song Hong-
Yinggehai Basin in the Eocene. Our study highlights that although rivers along the
margins of central Vietnam are small, the total sediment volumes fluxed from these
catchments to the Song Hong-Yinggehai Basin are significant (132,000—158,000 km’;
17-21% of the total). If one-fifth of the total sediment budget for the Song Hong-
Yinggehai Basin is sourced from central Vietnam and not from the Red River, less
significant drainage capture in the paleo-Red River is required compared to earlier
models.
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Tables

Table 1. Location of river sediment and terrace samples analyzed during this study.

Table 2. Major and trace element compositions of river and terrace samples from the
Song Gianh. Major element concentrations are in weight %, whereas trace elements are in

Table 3. Sr and Nd isotope compositions of samples taken from the modern Song Gianh
basin.

Table 4. Analytical data for U-Pb dating of detrital zircon grains from the river sediment
samples.

Table 5. Results of apatite fission track analysis.

Table 6. In situ "*Be cosmogenic nuclide data. Second line of table shows rates corrected
for carbonate exposure.

Table 7. Data and depositional ages from the OSL analysis of terrace sediments.

Figure Captions

Figure 1. Study location in reference to southeast Asia. (A) Regional geographic map of
southeast Asia outlining Song Gianh basin (black polygon) and political border of
Vietnam (gray line), AR = Annamite Range, CH = Central Highlands, H = Hainan, KM =
Kontum Massif, KP = Khorat Plateau, RR = Red River, and SH-Y = Song Hong-
Yinggehai Basin; (B) Shaded topographic map derived from void-filled SRTM90 v.4.1
digital elevation model (DEM) grid data (http://www.cgiar-csi.org/data) with delineated
stream network (black line). Sample locations denoted by open circles.

Figure 2. Geological map of the Song Gianh basin showing the simplified geology
overlain with the modern drainage network. Map is redrawn from Fromaget (1971).
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Figure 3. Plot of Chemical Index of Alteration (CIA) versus silica content of the samples
considered in this study. Si0; is used as a proxy for the quartz sand content. Fields
showing fine grained material from the Pearl and Mekong Rivers are from Liu et al.
(2007). Red River field includes fine grained sediments from this source and sandy
sediment analyzed by Clift ez al. (2008b). Lack of SiO, data precludes plotting terraces
here.

Figure 4. Downstream evolution in CIA within the Song Gianh basin. Note the general
decrease in CIA downstream and that the terrace sediments are generally lower in CIA
compared to the modern river at that location. Terrace samples are from the mainstream,
except for those labeled ST that are from the Song Trac. Ages in parentheses are OSL
ages.

Figure 5. Cross plot of Sr versus Nd isotope compositions for the Song Gianh compared
with river sediments measured from the Red, Mekong and Pearl Rivers by Liu ef al.
(2007) and Clift et al. (2008b). Basement samples from central and northern Vietnam are
from Hoa et al. (2008), Lan et al. (2003) and Nagy et al. (2000). Central Highland
volcanic rocks are compiled from various sources from Hoang et al. (1996).

Figure 6. Plots showing the downstream evolution in (A) Sr and (B) eng isotope
compositions within the Song Gianh. Note that the mainstream stabilizes in composition
in its middle reaches and does not seem much affected by flow from either of the
northern tributaries. Error bars smaller than symbol size for Sr in Fig. 6A and propagated
error for exg in Fig. 6B are gray brackets.

Figure 7. KDE plots of U-Pb zircon dates from Song Gianh sediments, compared with
bed rock data from the Kontum Massif from Nagy et al. (2001), and the Khorat Plateau
from Carter & Moss (1999) and Carter & Bristow (2003), and the Vietnamese Central
Highlands from Carter et al. (2001).

Figure 8. (A) Radial plot of apatite fission track data from the Song Trac tributary
showing an approximately single population clustered around a central age of 54 Ma. (B)
A KDE plot of the apatite fission track data.

Figure 9. Multidimensional scaling (MDS) plot showing the Kolmogorov-Smirnov
distances between sample zircon age spectra, following the method of Vermeesch (2013).
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Figure 10. Plots showing downstream variation in specific age populations (A-E) within
the mainstream (black dots linked by a solid line) and major tributaries showing how
addition of sediment from the tributaries acts (or not) to influencing the bulk composition
downstream of the confluence.

Figure 11. Annual rainfall, local mean slope, and local relief maps for the Song Gianh
basin. (A) Annual rainfall values derived from TRMM 3B42 data from 1998-2009 at
0.25° x 0.25° resolution (http://www.geog.ucsb.edu/wbodo/TRMMY/); (B) Average mean
local slope calculated from void-filled SRTM90 DEM for Song Gianh basin. Black lines
and open circles denote stream network and sample locations, respectively; (C) Mean
local relief map, expressed as maximum elevation difference, using a moving ~1 km
radius window on SRTM90 data.

Supporting Figure Captions:

Supplementary Figure 1. OSL dose rate diagrams for the five terrace samples analyzed
with this study.
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Table 1

Sample Location Latitude  Longitude Elevation (m)
Modern river samples

12061704  Upper reaches mainstream 17.82820 105.76820 160
12061703  Upper reaches mainstream 17.81815 105.77533 130
12061702  Upper reaches mainstream 17.96003 105.81230 48
14052701  Upper reaches mainstream 17.99917 105.86592 42
12061708  Mai Hoa 17.97928 105.92873 19
12061711  Middle reaches mainstream 17.84280 106.14482 1
12061712  Rao Tro 17.82463 106.17650 0
14052801  Song Nan 17.71797  106.35292 3
12061802  Song Trac 17.61637 106.31567 3
12061801  Song Trac 17.59690 106.42347 10
14052705  Song Trac 17.67200 106.39223 4
12061807  River Mouth 17.71438  106.44660 0
Terraces

12061707  Mainstream terrace 17.99923  105.86595 51
12061706 ~ Mainstream terrace 17.99923  105.86595 51
12061709  Mainstream terrace 17.97928 105.92873 19
12061803  Terrace Southern Song Trac 17.59463 106.28560 8
12061804  Terrace Southern Song Trac 17.61260  106.30465 3



Table 2

Sample Location Si0, TiO, ALO; Fe, 0O, MnO MgO CaO NaO KO PO,
Modern river samples

12061711  Middle reaches mainstream 84.17 0.36 5.21 268 0.020 035 0.16 0.38 1.17 0.05
12061712  Rao Tro 90.57 034 457 1.16 0.015 0.16 0.10 023 210 0.03
12061708 Mai Hoa 90.00 0.24 5.08 146 0013 0.13 0.07 0.18 242 0.04
12061807  River Mouth 90.97 049 3.68 1.47 0.027 023 0.15 0.36 1.02 0.03
12061801  Song Trac 79.22 042 970 345 0.034 1.04 0.16 026 248 0.05
12061802  Song Trac 88.20 0.36 5.05 1.93 0023 045 049 029 088 0.05
14052705  Song Trac 90.84 0.17 3.83 1.06 0009 033 033 026 082 0.03
14052801  Song Nan 9328 025 156 086 0.008 020 053 026 027 0.05
14052701  Upper reaches mainstream 76.48 046 1060 494 0.041 0.72 020 047 226 0.09
12061703  Upper reaches mainstream 7098 0.54 12.66 6.54 0.069 137 056 064 242 0.1
12061702  Upper reaches mainstream 7257 043 970 489 0.050 2.06 234 038 2.07 0.09
12061704  Upper reaches mainstream 76.16 043 972 382 0.046 1.08 035 0.72 1.94 0.06
Terraces

12061706  Mainstream terrace 0.26  5.58 3.30 0.35 0.07 0.28 1.60
12061707  Mainstream terrace 0.30 5.77 2.94 0.34 0.08 0.32 1.54
12061709  Mainstream terrace 0.27 4.60 2.11 0.16 0.03 0.15 2.03
12061803  Terrace Southern tributary 023 393 192 034 033 027 1.17
12061804  Terrace Southern tributary 0.15 273 147 0.20 0.17 023 0.86




Table 2

Sample As Ba Ce Co Cr Cu Ga Mo Ni Nb Pb Rb Sr Th Y \Y U 7Zn Zr
Modern river samples

12061711 3 184 40 8 27 5 6 0 14 10 12 51 42 7 6 33 9 34 104
12061712 7 317 12 7 13 1 5 0 5 10 8 80 30 6 3 20 7 18 83
12061708 6 321 15 8 15 4 5 0 7 8 13 105 37 7 6 18 7 17 84
12061807 2 170 38 6 22 2 5 0 13 10 10 36 34 7 11 24 10 25 418
12061801 0 452 30 10 48 10 12 0 21 11 22 115 45 7 13 61 6 54 95
12061802 5 158 10 9 33 7 7 -1 13 9 9 43 39 8 14 34 7 30 271
14052705 0o 181 -7 7 20 1 5 -1 6 7 6 36 37 6 5 17 6 14 90
14052801 0 40 -30 6 24 0 3 0 7 7 5 16 24 5 11 15 6 16 465
14052701 8 337 57 17 55 13 13 0 24 12 21 112 61 11 15 64 4 65 145
12061703 11 336 59 15 67 16 17 0 33 13 23 103 83 9 16 86 6 79 132
12061702 9 301 50 15 63 13 12 -2 25 12 19 102 58 11 13 60 8 60 142
12061704 5 347 53 12 43 20 12 -5 21 11 17 77 73 9 3 62 13 47 121
Terraces

12061706 7.9 340 619 13 131 235 14.1 0.55 276 93 19.6 102 535 125 132 67 23 71 508
12061707 6.6 330 67.3 12.7 113 20.5 142 0.51 265 119 20.2 97.8 555 13.1 156 67 3.1 66 59.6
12061709 82 370 63.7 82 129 16.1 11.4 0.57 12.6 87 199 124 36.1 12.8 132 48 2.6 33 42.1
12061803 3.9 270 66.7 8.5 178 157 9.77 048 192 81 169 695 50 138 139 49 25 50 474
12061804 2.8 230 69.2 53 171 10 6.72 042 132 11.3 122 47.1 439 14.1 148 32 4 32 359




Table 3

Sample Normalized Normalized
“Nd/"™"Nd 2 sigma €w 2sigma  St/*Sr 2sigma

14052701 0.511871  0.000007  -15.0 0.14 0.73414 0.000018
14052801 0.511862  0.000003  -15.1 0.06 0.72566 0.000020
14052705 0.512068  0.000008  _ _ 0.72358  0.000002
12061704 0.511874  0.000016  -14.9 0.31 0.72621 0.000019
12061802 0.511889  0.000042 -14.6 0.82 0.72518 0.000030
12061708 0.511978  0.000007  -12.9 0.15 0.75034  0.000018
12061702 0.511895  0.000013  -14.5 0.26 0.73591 0.000007
12061712 0.512014  0.000014  -12.2 0.28 0.74707 0.000022
12061703 0.511957  0.000003  -13.3 0.06 0.72469 0.000020
12061711 0.511890  0.000009 -14.6 0.18 0.72648 0.000007
12061807 0.511889  0.000008 -14.6 0.16 0.72679 0.000010
12061801 0.511857  0.000005 -15.2 0.16 0.74290 0.000026




Table 4

Ratios Ages (Ma) % %

U concord. concord.
Gr. Pb  (ppm) Atomic (206/238 (206/238 Best Age
No. (ppm) Th/U | 206/238 +s.e. 207/235 xs.e. 207/206 xs.e. |206/238 +2s 207/235 +2s 207/206 =+2s | 207/235) 207/206) (Ma)  #2s
12061711 Middle reaches
Gl 19 48 0.85 03369 0.0033 5.2922 3.6232 0.1149 0.0087 1871.8 314 1867.6 130.7 18785 1315 0.2 0.4 1878.5 131.5
G2 116 441 140 0.1905 0.0032 20712 4.1212 0.0767 0.0088 11239 345 11393 158.0 11139 1576 14 -0.9 11139 157.6
G3 10 204 027  0.0470 0.0044 03462 0.1557 0.0525 0.0016 2958 547 3019 513 3085 182 2.0 4.1 2958 547
G4 114 420 1.29  0.2028 0.0022 23616 0.0298 0.0841 0.0006 1190.6 240 1231.1 188 12939 123 33 8.0 12939 123
G5 17 418  0.19  0.0425 0.0006 0.3111 0.0097 0.0519 0.0013 2680 79 2750 13.5 279.7 13.6 2.6 4.2 2680 79
Go6 70 119 1.15 04388 0.0024 9.1038 0.0381 0.1502 0.0008 23454 21.7 23485 13.7 23482 11.0 0.1 0.1 23482 11.0
G7 145 411 0.16  0.3473 0.0005 5.6465 0.0062 0.1151 0.0008 1921.5 51 19232 125 1881.1 13.9 0.1 -2.1 1881.1 13.9
G8 217 677 020  0.3147 0.0041 49501 0.0792 0.1133 0.0008 1764.0 39.9 1810.8 25.0 1853.5 14.1 2.6 4.8 1853.5 141
G9 104 625  0.57 0.1519 0.0024 1.4922 0.0488 0.0697 0.0010 911.3 27.0 9272 252 9181 182 1.7 0.7 911.3 270
G10 257 465 039 04932 0.0037 12.0799 0.0710 0.1746 0.0008 2584.6 31.9 2610.6 16.7 2602.5 10.7 1.0 0.7 2602.5  10.7
Gl 92 584 059  0.1415 0.0058 1.3669 0.1760 0.0675 0.0012 853.1 654 8748 51.8 8529 229 2.5 0.0 853.1 654
G12 9 154 1.54  0.0414 0.0012 0.3263 0.0210 0.0573 0.0012 261.6 142 2868 17.6 502.7 18.9 8.8 48.0 2616 142
G13 121 359 059 02969 0.0017 42707 0.0210 0.1027 0.0006 1676.1 16.7 1687.7 13.6 1673.1 11.6 0.7 0.2 1673.1 11.6
Gl4 40 1016 024  0.0403 0.0006 0.2907 0.0096 0.0517 0.0015 2549 7.2 2591 144 2722 152 1.6 6.4 2549 72
G15 38 920 025 0.0417 0.0035 0.2985 0.0627 0.0519 0.0008 263.6 43.2 2652 39.7 2828 9.2 0.6 6.8 263.6  43.2
Gl6 131 349 059 03309 0.0005 54303 0.0046 0.1151 0.0006 18425 4.7 1889.7 8.9 18819 104 2.5 2.1 1881.9 104
G17 157 437  0.15 03539 0.0005 5.7042 0.0045 0.1149 0.0005 1953.1 4.7 19320 82 18782 9.5 -1.1 -4.0 18782 9.5
G18 94 211 142 0.3218 0.0039 5.0152 0.0823 0.1127 0.0009 1798.4 38.0 1821.9 245 1843.1 15.2 1.3 24 1843.1 152
G19 22 135 044  0.1513 0.0042 1.5206 0.0813 0.0709 0.0008 908.5 46.5 9387 362 9554 164 32 4.9 908.5  46.5
G20 23 130 1.65  0.1325 0.0038 14056 0.0824 0.0758 0.0010 802.2 435 891.3 37.1 1089.0 18.5 10.0 26.3 8022 435
G21 10 71 1.97  0.0894 0.0018 0.7724 0.0269 0.0617 0.0008 552.0 21.7 5812 21.1 663.0 14.0 5.0 16.7 5520 217
G22 16 30 0.79  0.4337 0.0012 9.1829 0.0183 0.1563 0.0011 23225 104 23564 13.8 24159 14.7 1.4 3.9 24159 147
G23 56 225 054 0.2252 0.0021 2.8645 0.0495 0.0916 0.0011 1309.3 22.0 1372.6 224 1458.1 19.8 4.6 10.2 1458.1  19.8
G24 30 984 059  0.0275 0.0054 0.1881 0.2188 0.0502 0.0016 1747 67.6 1750 645 2052 13.6 0.2 14.9 1747  67.6
G25 103 236 056 03873 0.0027 82190 0.0434 0.1508 0.0008 21102 247 22554 155 23545 11.1 6.4 10.4 23545 111
G26 21 616 094 00275 0.0003 0.1963 0.0029 0.0517 0.0006 1749 41 1820 53 2708 6.8 3.9 354 1749 4.1
G27 32 398 0.67  0.0703 0.0045 0.5370 0.1199 0.0545 0.0011 4378 547 4364 476 3897 150 0.3 -12.3 437.8 547
G28 14 344 043 00393 0.0003 0.2832 0.0033 0.0516 0.0007 2485 41 2532 67 2677 1.7 1.9 7.2 2485 4.1
G29 67 755 0.14  0.0929 0.0008 0.8364 0.0085 0.0659 0.0006 5728 99 6172 117 8026 115 7.2 28.6 5728 99
G30 80 119 1.14 04987 0.0005 11.3395 0.0051 0.1673 0.0007 2608.1 4.1 2551.5 82 25305 9.8 2.2 -3.1 25305 938
G31 108 307 033 03338 0.0011 5.4111 0.0117 0.1151 0.0006 1856.5 10.5 1886.6 9.9 18813 9.9 1.6 1.3 1881.3 9.9
G32 67 393 095  0.1401 0.0039 1.2923 0.0782 0.0664 0.0009 845.1 442 8423 353 8187 166  -0.3 -3.2 845.1 442
G33 97 227 1.08  0.3345 0.0022 5.2215 0.0340 0.1120 0.0007 1860.3 21.3 1856.1 159 1831.6 129  -0.2 -1.6 1831.6 129
G34 6 120 069  0.0423 0.0017 03016 0.0192 0.0510 0.0006 2672 204 267.7 189 2417 6.7 0.2 -10.5 2672 204
G35 166 335 1.60  0.3455 0.0007 5.5649 0.0111 0.1145 0.0017 19129 6.2 1910.7 254 18723 26.8 0.1 2.2 1872.3  26.8
G36 13 29 1.57  0.3304 0.0005 5.1016 0.0089 0.1123 0.0021 1840.5 4.4 18364 324 18373 34.1 -0.2 -0.2 18373  34.1
G37 397 913 008 04313 0.0040 92576 0.0810 0.1541 0.0009 23114 364 2363.8 20.2 23915 124 22 33 23915 124



Table 4

Ratios Ages (Ma) % %
U concord. concord.

Gr. Pb  (ppm) Atomic (206/238 (206/238 Best Age

No. (ppm) Th/U | 206/238 +s.e. 207/235 xs.e. 207/206 xs.e. [206/238 +2s 207/235 +2s 207/206 =+2s |207/235) 207/206) (Ma)  *2s
G38 9 24 0.89 03055 0.0043 4.4554 0.1390 0.1054 0.0015 1718.6 42.0 17227 33.1 1721.1 255 02 0.1 1721.1 255
G39 110 183 085 04795 0.0050 11.1188 0.1257 0.1656 0.0011 2525.1 43.7 2533.1 233 25139 145 0.3 0.4 25139 145
G40 52 71 094  0.5429 0.0040 162770 0.1313 0.2199 0.0016 2795.6 33.6 2893.2 19.8 2979.8 15.6 34 6.2 2979.8 156
G4l 48 283 086  0.1434 0.0056 13803 0.1717 0.0681 0.0013 864.1 63.5 880.6 509 8719 241 1.9 0.9 864.1  63.5
G42 118 497 070 02066 0.0067 2.3049 0.3779 0.0802 0.0021 1210.7 71.2 12138 583 12022 38.1 0.3 -0.7 12022 38.1
G43 105 528  0.69  0.1743 0.0017 1.7752 0.0212 0.0726 0.0006 1035.5 18.6 10364 16.9 1001.7 13.0 0.1 -3.4 10355 18.6
G44 385 957 093 03252 0.0024 59702 0.0339 0.1315 0.0007 1815.3 23.5 19715 157 21174 109 7.9 14.3 21174 109
G45 43 127 085  0.2827 0.0020 3.9583 0.0257 0.0991 0.0006 1604.8 20.5 16257 154 1607.8 11.8 1.3 0.2 1607.8  11.8
G46 142 333 032 03977 0.0038 82402 0.0812 0.1463 0.0010 2158.5 349 22578 21.1 2303.0 142 4.4 6.3 2303.0 142
G47 15 343 051  0.0395 0.0047 0.2796 0.1270 0.0513 0.0012 2495 579 2504 534 2525 122 0.4 1.2 2495 579
G48 115 308 050  0.3364 0.0005 54176 0.0080 0.1138 0.0011 1869.3 49 1887.6 16.8 1861.4 184 1.0 0.4 18614 18.4
G49 40 797 1.08  0.0405 0.0005 0.2885 0.0051 0.0517 0.0007 256.1 59 2574 84 2704 84 0.5 5.3 256.1 5.9
G50 36 68 0.58  0.4605 0.0040 10.0902 0.0844 0.1608 0.0010 2441.8 349 2443.1 194 2463.6 129 0.1 0.9 2463.6 129
G51 51 83 1.35  0.4455 0.0005 9.2787 0.0044 0.1487 0.0006 23752 43 23659 7.1 23313 85 0.4 -1.9 23313 85
G52 18 128 0.68  0.1227 0.0057 1.0923 0.2318 0.0641 0.0017 7459 650 749.6 559 7456 29.1 0.5 0.0 7459  65.0
G53 123 492 023 02477 0.0054 3.4873 0.1855 0.1001 0.0014 1426.6 554 15243 40.7 16265 24.7 6.4 12.3 16265 247
G54 96 262 037 03407 0.0015 53962 0.0202 0.1147 0.0008 1889.9 14.3 18842 14.1 1875.6 13.7 0.3 0.8 1875.6  13.7
G55 6 15 0.99 03079 0.0029 4.4180 0.0492 0.1055 0.0008 1730.3 285 17157 202 17234 146 0.9 0.4 17234 146
G56 31 76 1.63  0.2896 0.0040 4.0854 0.0812 0.1009 0.0010 1639.5 39.9 16514 273 16398 174 0.7 0.0 1639.8 17.4
G57 6 9 1.04  0.4795 0.0043 10.7268 0.1580 0.1719 0.0019 25252 37.5 2499.7 269 25759 228 -1.0 2.0 25759 228
G58 18 180 1.13 0.0772 0.0035 0.6374 0.0842 0.0583 0.0011 479.1 423 500.7 387 5414 18.1 4.3 11.5 479.1 423
G59 85 146 052 0.5015 0.0071 12.5985 0.4785 0.1794 0.0029 2620.4 60.9 2650.1 40.7 2647.1 32.6 1.1 1.0 2647.1  32.6
G60 68 126 1.93  0.3543 0.0010 5.8330 0.0143 0.1203 0.0010 19549 93 19513 152 19613 162  -02 0.3 19613 162
G6l 30 167 095  0.1484 0.0060 1.4638 0.2251 0.0701 0.0016 8922 66.8 9156 552 9298 29.6 2.6 4.1 8922  66.8
G62 164 466 032  0.3349 0.0042 5.6156 0.1025 0.1189 0.0012 1862.3 40.7 19185 27.2 1940.1 185 2.9 4.0 1940.1 185
G63 209 405  0.82 04270 0.0019 9.3800 0.0323 0.1593 0.0010 22923 16.7 23759 144 24479 13.8 35 6.4 24479 138
G4 71 179 079 03334 0.0050 52686 0.1417 0.1135 0.0014 1854.8 483 1863.8 327 1856.8 222 0.5 0.1 1856.8 222
G65 22 34 1.26 04812 0.0010 11.3997 0.0168 0.1702 0.0009 25323 88 25564 10.7 2560.0 11.7 0.9 1.1 2560.0 11.7
G66 8 209 023  0.0396 0.0039 02811 0.0833 0.0512 0.0010 250.5 48.6 2515 448 2494 10.6 0.4 -0.5 250.5  48.6
G67 23 215 037  0.1046 0.0062 0.8843 0.3330 0.0595 0.0021 6412 719 6433 642 5843 328 0.3 9.7 6412 719
G68 17 211 0.88  0.0670 0.0005 0.4913 0.0064 0.0535 0.0010 4182 62 4058 133 350.1 126  -3.1 -19.5 4182 6.2
G69 39 62 1.05  0.4780 0.0013 10.9160 0.0159 0.1659 0.0008 2518.7 11.0 25160 9.7 25168 10.1 -0.1 0.1 2516.8 10.1
G70 20 58 0.50  0.3058 0.0008 4.4025 0.0096 0.1064 0.0008 17200 8.1 1712.8 133 17385 142 04 1.1 1738.5 142
G71 7 253 1.18  0.0222 0.0058 0.1510 0.2292 0.0488 0.0017 141.7 729 1428 693 1378 10.6 0.7 -2.9 1417 729
G72 34 56 0.60 05151 0.0037 12.5969 0.0936 0.1819 0.0013 2678.5 31.8 2650.0 18.8 2669.9 14.7 -1.1 0.3 2669.9 147
G73 132 202 024  0.5644 0.0003 14.7021 0.0041 0.1857 0.0012 2884.7 25 27962 124 27042 140  -32 -6.7 27042 140
G74 5 94 0.76  0.0462 0.0062 0.3252 0.2533 0.0522 0.0018 291.0 763 2859 70.1 2951 19.3 -1.8 1.4 2910 763
G75 138 448 037 02926 0.0066 4.5508 0.2483 0.1125 0.0017 1654.7 66.2 17403 453 18402 273 4.9 10.1 1840.2 273

G76 16 198 0.60 0.0748 0.0006 0.5784 0.0097 0.0564 0.0014 464.9 7.7 4634 19.1 4670 198 -0.3 0.4 464.9 7.7



Table 4
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G77 159 290 0.62 04668 0.0034 10.2672 0.0703 0.1602 0.0011 2469.6 30.1 24592 182 24572 139 04 -0.5 24572 139
G78 137 829 043  0.1567 0.0009 15100 0.0120 0.0705 0.0009 9385 104 9345 17.1 9427 172  -04 0.4 9385 104
G79 8 91 0.66  0.0783 0.0055 0.6177 0.1570 0.0570 0.0015 4857 653 4884 574 489.6 215 0.6 0.8 4857 653
G80 6 192 059 0.0300 0.0018 02105 0.0225 0.0503 0.0007 190.8 229 1940 21.8 2080 6.8 1.7 8.3 190.8 229
G81 34 893  0.19  0.0394 0.0010 0.2780 0.0144 0.0510 0.0010 2492 124 2490 143 2408 105 -0.1 -3.5 2492 124
G82 59 1507 0.19  0.0404 0.0004 0.2872 0.0059 0.0512 0.0013 2552 5.1 2564 120 2503 12.6 0.5 -2.0 2552 5.1

G83 29 492 029  0.0566 0.0005 0.4671 0.0044 0.0590 0.0006 355.1 57 3892 83 5652 104 8.8 372 355.1 5.7
G84 69 123 046 04951 0.0005 12.8926 0.0045 0.1825 0.0006 2592.8 4.1 2671.8 6.1 26758 7.6 3.0 3.1 26758 7.6
G85 94 163 074 04749 0.0007 10.5824 0.0085 0.1638 0.0008 2505.1 6.0 24872 9.6 24955 109  -0.7 0.4 24955 109
G86 11 208 1.06  0.0436 0.0059 0.3278 0.2483 0.0543 0.0018 2748 73.0 2879 69.8 3839 233 4.5 284 2748  73.0
G87 100 326 023  0.3001 0.0056 4.7407 0.1852 0.1124 0.0016 1691.6 557 17745 393 1838.6 259 4.7 8.0 1838.6 259
G88 119 1278 044  0.0884 0.0005 0.7024 0.0069 0.0575 0.0009 5459 64 5402 145 5119 147 -1.1 -6.6 5459 64
G89 51 258 092  0.1630 0.0035 1.6251 0.0779 0.0711 0.0011 9733 392 980.0 33.6 9594 215 0.7 -1.4 9733 392
G 11 278 024 0.0396 0.0010 02786 0.0104 0.0509 0.0006 250.5 12.8 249.6 125 2345 6.5 0.4 -6.8 250.5 128
G916l 308 048  0.1822 0.0019 19018 0.0273 0.0755 0.0008 1079.0 21.0 1081.7 19.9 1080.8 15.8 0.3 0.2 1079.0 210
G92 8 202 033  0.0381 0.0005 03147 0.0054 0.0584 0.0008 2409 6.1 277.8 9.0 5459 133 13.3 55.9 2409 6.1

G93 15 81 0.71  0.1631 0.0022 1.6419 0.0307 0.0712 0.0008 973.8 238 9865 21.7 9634 157 1.3 -1.1 9738 238
G4 74 115 083 05067 0.0005 11.9661 0.0085 0.1660 0.0014 26425 4.4 2601.8 157 25179 172  -1.6 -4.9 25179 172
G95 63 158 061 03546 0.0021 6.9770 0.0394 0.1394 0.0012 1956.6 19.6 21085 179 22200 16.6 7.2 11.9 22200 16.6
G9% 206 556  0.68  0.3210 0.0061 49731 0.2441 0.1122 0.0018 17944 593 18148 41.8 18354 287 1.1 2.2 18354 287
G97 24 525 0.16  0.0479 0.0043 0.3553 0.1367 0.0532 0.0016 301.6 524 3087 494 3352 184 2.3 10.0 3016 524
G98 357 646  0.17 05166 0.0038 13.1953 0.0774 0.1851 0.0011 2684.7 32.0 2693.7 179 2699.1 13.3 0.3 0.5 2699.1 133
G99 186 601 0.75  0.2647 0.0006 3.4640 0.0062 0.0944 0.0007 15137 5.8 1519.1 12.1 15169 13.4 0.4 0.2 15169 13.4
G100 45 116 1.05  0.3034 0.0060 4.3246 0.2021 0.1043 0.0018 1708.0 59.7 1698.1 43.7 1701.8 30.5 -0.6 0.4 1701.8  30.5
G101 33 271 0.47  0.1153 0.0031 1.0220 0.0528 0.0642 0.0010 703.5 358 7149 31.6 7472 17.6 1.6 5.9 703.5 358
G102 115 322 040  0.3317 0.0036 52863 0.0791 0.1140 0.0012 1846.8 35.0 1866.6 25.6 18643 194 1.1 0.9 18643 19.4
G103 130 338 140  0.2827 0.0014 3.8520 0.0180 0.0986 0.0008 1604.8 139 1603.7 154 1597.6 150  -0.1 0.4 1597.6 150
G104 16 185 052  0.0803 0.0036 0.6975 0.0791 0.0634 0.0012 4979 432 537.3 408 7203 209 7.3 30.9 4979 432
G105 12 307 025 0.0401 0.0014 0.2866 0.0180 0.0514 0.0008 2535 17.1 2558 17.0 2597 9.0 0.9 24 2535 171
G106 7 214 099  0.0283 0.0039 0.1976 0.0910 0.0506 0.0012 180.1 493 183.1 472 2217 114 1.6 18.8 180.1  49.3
G107 222 378 048 05072 0.0033 12.3334 0.0625 0.1776 0.0011 2644.5 285 2630.1 16.6 2630.2 12.8 -0.5 0.5 2630.2 128
G108 33 87 0.66  0.3321 0.0010 5.1842 0.0131 0.1128 0.0009 1848.5 9.5 1850.0 143 18442 152 0.1 -0.2 18442 152
G109 14 34 0.92 03203 0.0005 4.8563 0.0060 0.1098 0.0009 1791.3 4.9 17947 137 17958 15.2 0.2 0.2 17958 152
G110 9 165 1.83  0.0365 0.0004 0.2543 0.0056 0.0507 0.0013 231.2 49 2301 115 227.7 123 0.5 -1.6 2312 49

12061804 Terrace Song Trac
Gl  248.1 12159 042 0.1926 0.0023 2.1147 0.0318 0.0791 0.0010 1135.6 24.8 1153.6 23.6 11746 17.2 1.6 33 1174.6 17.25
G2 67.8 884.0 0.51 0.0716 0.0009 0.5403 0.0101 0.0546 0.0009 4457 105 438.6 144 3951 11.3 -1.6 -12.8 4457 10.47
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G3 348 942 040 0.3414 0.0043 5.1182 0.1613 0.1123 0.0019 18934 41.6 1839.1 36.6 18370 30.1  -3.0 -3.1 1837.0 30.07
G4 1392 4019 047 03190 0.0038 4.8413 0.0825 0.1105 0.0014 1785.0 37.2 1792.1 29.2 1807.8 22.0 0.4 1.3 1807.8 21.97
G5 558 3170 042  0.1667 0.0020 1.6610 0.0344 0.0716 0.0011 994.1 224 993.7 250 973.7 203 0.0 2.1 9737 2033
G6  87.1 1408 101 04804 0.0058 11.0598 0.2496 0.1684 0.0022 2529.1 50.8 25282 332 2541.6 251 0.0 0.5 2541.6  25.09
G7  81.0 12448 0.11  0.0687 0.0008 0.5097 0.0088 0.0542 0.0008 4283 100 4183 132 3810 102  -24 -12.4 4283  10.01
G8 7.5 2956 058  0.0230 0.0004 0.1523 0.0082 0.0505 0.0026 146.8 4.7 1439 152 2199 212  -20 332 146.8  4.66

GY9 575 2741 021  0.6856 0.0083 22.8134 0.5376 0.2371 0.0030 3365.7 63.5 32190 339 3100.8 250  -4.6 -8.5 3100.8  24.97
G10 128 932 147  0.1003 0.0014 0.8081 0.0315 0.0592 0.0018 6159 162 6014 31.1 5726 280  -24 -7.6 6159 16.17
GIl1 575 2098 0.68 02390 0.0029 29128 0.0651 0.0857 0.0013 13814 304 13852 294 1330.5 234 0.3 -3.8 1330.5 23.41
G12 377 2173 044  0.1634 0.0020 1.5835 0.0361 0.0702 0.0012 9758 223 963.7 26.1 9327 214  -12 -4.6 9327 2143
GI13 2623 8532 009 03128 0.0037 47722 0.0789 0.1106 0.0014 17544 36.7 17800 29.0 1808.5 21.8 1.4 3.0 1808.5 21.81
Gl4 456 793 061 04840 0.0061 10.7579 0.3567 0.1640 0.0025 2544.6 53.3 2502.4 37.1 2497.7 294  -1.7 -1.9 24977 29.38
GI5 1064 330.1 0.09 03279 0.0039 57442 0.1049 0.1287 0.0017 18282 383 1938.1 30.5 2079.6 234 5.7 12.1 2079.6  23.42
Gl6 114 979 120  0.0907 0.0013 0.7638 0.0344 0.0600 0.0022 559.9 15.6 5762 34.1 6047 33.8 2.8 7.4 559.9  15.60
G17 1114 2303 0.07 04688 0.0057 10.1262 0.2113 0.1588 0.0021 2478.3 49.8 24464 327 24425 246  -1.3 -1.5 24425 24.59
Gi18 24 727 050  0.0311 0.0005 02079 0.0136 0.0486 0.0030 1976 6.8 191.8 225 1281 15.6  -3.1 -54.3 197.6  6.75

G19 2095 759.0 0.04 02871 0.0035 45825 0.0855 0.1136 0.0015 1627.2 347 1746.1 29.7 1857.0 232 6.8 12.4 1857.0 23.25
G20 165 237.8 029  0.0692 0.0009 0.5146 0.0143 0.0535 0.0013 431.1 10.7 4215 185 3479 147 -2.3 -23.9 431.1  10.73
G21 433 1231 034 03310 0.0041 49716 0.1334 0.1094 0.0017 1843.0 39.9 18145 339 17888 272  -1.6 -3.0 1788.8 27.19
G22 500 932 034 04826 0.0062 10.8269 0.3920 0.1656 0.0027 2538.7 540 2508.4 38.5 2513.5 30.8 -1.2 -1.0 25135 30.84
G23 466 2741 023  0.1705 0.0021 1.6681 0.0348 0.0724 0.0011 1014.6 229 9965 255 996.6 20.7 -1.8 -1.8 996.6  20.73
G24 1146 3627 039 02955 0.0036 4.0650 0.0736 0.1022 0.0014 1669.0 354 16473 293 16639 224  -1.3 -0.3 1663.9 22.35
G25 765 4168 044  0.1734 0.0021 1.8130 0.0337 0.0760 0.0011 1030.5 23.1 1050.2 24.6 10953 20.0 1.9 5.9 10953  19.95
G26 167.6 5157 0.11  0.3273 0.0039 53035 0.0893 0.1168 0.0015 18254 38.1 1869.4 29.7 1908.0 224 2.4 4.3 1908.0 22.38
G27 813 4280 031  0.1853 0.0022 1.8497 0.0341 0.0742 0.0011 1095.8 244 10633 249 10469 194  -3.1 -4.7 1046.9  19.40
G28 1522 6723 0.17 02283 0.0027 2.7040 0.0443 0.0865 0.0011 1325.6 28.8 1329.6 262 1348.7 20.1 0.3 1.7 1348.7  20.07
G29 271 579.1 0.08  0.0497 0.0006 0.3678 0.0084 0.0544 0.0011 3128 7.6 3181 132 3860 13.8 1.7 19.0 3128 7.61

G30 1069 6639 027  0.1595 0.0019 15334 0.0264 0.0702 0.0010 9541 21.3 9439 226 9327 176  -1.1 2.3 9327 17.61
G31 752 18230 039  0.0401 0.0005 0.2864 0.0049 0.0517 0.0008 2537 6.1 2558 88 2704 8.0 0.8 6.2 25377 6.07

G32 1258 8737 009 0.1504 0.0018 1.4793 0.0242 0.0699 0.0009 9032 203 9219 21.7 9248 171 2.0 2.3 9248 17.06
G33 509 1585 042 02984 0.0037 42163 0.0961 0.1046 0.0016 1683.2 363 16772 31.7 1707.6 252  -0.4 1.4 1707.6  25.22
G34 352 4886 030 0.0715 0.0009 0.5523 0.0116 0.0558 0.0010 4452 10.6 4465 15.8 4456 13.8 0.3 0.1 4452 10.59
G35 101.1 5763 0.12  0.1811 0.0022 19159 0.0330 0.0781 0.0011 1072.8 23.8 1086.6 24.5 1149.7 19.6 1.3 6.7 1149.7 19.58
G36 182 3944 029 0.0461 0.0006 0.3388 0.0086 0.0533 0.0012 290.8 7.3 2963 134 341.6 139 1.9 14.9 2908  7.27

G37 1399 307.7 037 04219 0.0052 99433 0.2320 0.1752 0.0024 2269.2 46.9 24295 339 2608.1 263 6.6 13.0 2608.1 26.31
G38 123 2555 107  0.0389 0.0006 02801 0.0115 0.0526 0.0020 2463 69  250.7 179 3120 20.8 1.8 21.1 2463 695

G39 307 970 046 02919 0.0038 43153 0.1462 0.1102 0.0021 1651.1 379 16963 384 1802.5 33.0 2.7 8.4 1802.5 33.03
G40 168 448 025 03613 0.0049 6.1926 0.2590 0.1239 0.0025 1988.5 46.0 2003.4 427 2013.7 365 0.7 1.3 2013.7 36.48

G41 233 500.7 0.52 0.0433 0.0006 0.2824 0.0069 0.0474 0.0011 273.5 6.8 2525 114 669 3.6 —8..3 -308.7 2735  6.80
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G42 2204 4271 071 04369 0.0053 9.1600 0.1798 0.1537 0.0020 2336.6 47.5 23541 326 2387.1 246 0.7 2.1 2387.1 24.64
G43 365 1762 448  0.0896 0.0012 0.7078 0.0202 0.0586 0.0014 5529 13.6 5435 229 5523 208 -1.7 0.1 5529 13.61
G44 6.1 18.6 045 0.3014 0.0051 4.1108 0.3013 0.0999 0.0037 1698.2 50.2 16564 66.9 1622.0 61.1 -2.5 -4.7 1622.0 61.05
G45 524 1604 056  0.2946 0.0037 4.6940 0.1386 0.1165 0.0020 16643 372 17662 358 1902.7 30.2 5.8 12.5 1902.7 30.25
G46 100 1949 101  0.0426 0.0006 0.2904 0.0106 0.0508 0.0017 2688 7.3 2589 167 233.6 145 -3.8 -15.1 268.8  7.30
G47 1677 281.6 0.62  0.0537 0.0007 0.3865 0.0110 0.0534 0.0013 3370 8.6 331.8 163 3446 154  -1.5 2.2 3370  8.57

G438 198 18384 021  0.1059 0.0014 0.8947 0.0239 0.0611 0.0013 649.0 157 6489 239 6428 212 0.0 -1.0 649.0 1574
G49 1123 19572 0.13  0.0602 0.0007 0.4946 0.0093 0.0598 0.0010 3767 9.0 4081 13.7 5960 154 7.7 36.8 376.7  9.00
G50 194 364 076 04432 0.0058 9.6200 0.3714 0.1602 0.0028 2364.9 52.1 2399.1 404 2457.6 332 1.4 3.8 2457.6  33.19
G51 654 413.1 034  0.1540 0.0019 1.4520 0.0284 0.0687 0.0011 9234 210 910.7 237 8894 190 -14 -3.8 889.4  19.02
G52 1082 750.6 026  0.1438 0.0017 13418 0.0232 0.0668 0.0010 866.3 19.6 8640 21.6 8319 169 -03 -4.1 866.3 19.61
G53 640 1072 043  0.5246 0.0065 13.5604 0.3384 0.1921 0.0026 2718.6 54.7 27195 350 2760.6 26.8 0.0 L5 2760.6  26.79
G54 1075 2303 022 04482 0.0055 10.6440 0.2477 0.1749 0.0024 23873 49.1 24925 343 26053 26.6 4.2 8.4 26053 26.56
G55 1.8 559 056  0.0300 0.0007 0.1949 0.0199 0.0480 0.0047 1904 8.6 180.8 335 988 190  -53 -92.7 1904  8.64
G56 134 1054 044  0.1208 0.0017 1.0511 0.0442 0.0655 0.0021 7351 19.8 7294 372 7917 360  -0.8 7.2 735.1 1979
G57 2372 5865 099 03250 0.0039 50405 0.0865 0.1130 0.0015 1814.2 38.1 1826.1 30.2 1848.7 23.0 0.7 1.9 1848.7 23.02
G58 7.6 998 050 00715 0.0010 0.5575 0.0236 0.0572 0.0021 4453 124 4499 284 4985 29.1 1.0 10.7 4453 12.39
G59 192 1156 047  0.1549 0.0020 1.4733 0.0479 0.0700 0.0017 9284 228 9195 329 9278 294  -1.0 0.1 927.8 2941
G60 993 1893 032 04736 0.0059 10.3123 0.2917 0.1605 0.0024 2499.3 519 24632 36.2 24613 284  -1.5 -1.5 24613 28.40
G61 1034 2704 044 03539 0.0044 6.1952 0.1499 0.1224 0.0018 1953.2 41.7 2003.8 33.7 1991.1 26.7 2.5 1.9 1991.1 26.68
G62 835 11246 0.11  0.0777 0.0010 0.7330 0.0142 0.0677 0.0011 482.1 11.5 5583 175 8582 19.7 13.6 43.8 482.1 1149
G63 709 2145 023 03222 0.0040 4.8550 0.1081 0.1130 0.0017 1800.2 38.7 17945 326 18487 259  -0.3 2.6 1848.7  25.88
G64 603 4121 0.60  0.1324 0.0016 12094 0.0251 0.0677 0.0011 801.3 18.6 8049 23.1 8585 199 0.5 6.7 801.3  18.56
G65 107.4 486.7 036 02108 0.0026 2.2616 0.0436 0.0794 0.0012 12332 27.4 12004 27.1 1183.1 213 -2.7 -4.2 1183.1 21.31
G66 57.0 18127 037  0.0307 0.0004 0.2159 0.0042 0.0505 0.0009 1949 48 1985 7.7 2194 7.7 1.8 11.2 1949 475

G67 359 4522 059  0.0726 0.0009 0.5337 0.0129 0.0544 0.0011 4515 109 4342 174 3893 142 40 -16.0 451.5 10.94
G68 326 253.6 029  0.1264 0.0016 1.1181 0.0307 0.0656 0.0014 7673 185 762.1 268 793.6 241 -0.7 33 7673 18.54
G69 147 3264 024  0.0458 0.0006 0.3366 0.0095 0.0536 0.0014 2887 74 2946 146 3543 158 2.0 18.5 288.7  7.40
G70 403 2434 044  0.1560 0.0019 1.4719 0.0326 0.0706 0.0012 9343 21.6 9189 259 9470 21.8 -1.7 1.3 9470 2183
G71 105 317 050 03014 0.0043 43010 0.2046 0.1038 0.0026 16983 423 16935 47.7 1693.5 423 -0.3 -0.3 1693.5 4231
G72 3677 3152 020  0.1187 0.0015 0.9706 0.0220 0.0616 0.0011 7232 17.1 688.8 22.6 660.3 18.5 -5.0 9.5 7232 17.06
G73 1456 2583 0.62 04760 0.0058 10.6259 0.2239 0.1637 0.0022 2509.9 50.8 2491.0 34.1 24943 26.1 -0.8 -0.6 24943 26.14
G74 113 1035 094  0.0906 0.0012 0.7233 0.0258 0.0601 0.0018 559.1 147 552.6 280 606.1 273 -1.2 7.7 559.1  14.66
G75 134 2042 025 0.0658 0.0009 0.5384 0.0169 0.0565 0.0015 4109 10.5 4374 20.5 4709 209 6.0 12.7 4109 10.52
G76 443 3152 032  0.1375 0.0017 12650 0.0271 0.0686 0.0012 830.3 193 830.1 240 8873 20.7 0.0 6.4 830.3  19.27
G77 9.8 1492 0.67 0.0584 0.0008 0.4208 0.0143 0.0541 0.0016 3657 9.6 3566 202 3735 195 -2.6 2.1 3657 9.62
G78 256 2135 042  0.1140 0.0015 10161 0.0301 0.0654 0.0015 6956 17.2 7120 274 7863 262 2.3 11.5 695.6 1725
G79 1345 4784 005 02915 0.0036 4.4978 0.0838 0.1124 0.0016 1649.1 354 1730.6 30.8 1838.1 245 4.7 10.3 1838.1 24.46

G80 100.7 309.6 0.17 0.3228 0.0039 4.9381 0.0954 0.1131 0.0016 1803.3 384 1808.8 31.7 1850.1 24.8 0.3 2.5 1850.1 24.81
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G81 963 1622 028  0.5411 0.0068 149183 0.4360 0.2057 0.0031 27882 57. 28100 372 28722 292 08 2.9 28722 29.15
G82 102 3786 056  0.0249 0.0003 0.1703 0.0055 0.0510 0.0015 1585 43 1597 100 2390 13.6 0.7 33.7 1585 428
G83 1451 487.7 0.62  0.2630 0.0032 3.5513 0.0642 0.0979 0.0014 1505.0 32.7 1538.7 294 15843 232 2.2 5.0 1584.3 23.18
G84 66.6 2051 0.12  0.3257 0.0040 5.1437 0.1095 0.1154 0.0017 1817.7 39.0 18433 32.7 1886.8 26.0 1.4 3.7 1886.8 25.97
G85 387 3543 025 0.1093 0.0014 0.9865 0.0212 0.0659 0.0012 668.8 158 6969 21.7 8019 20.1 4.0 16.6 668.8  15.81
G86 106.8 209.8 0.60  0.4409 0.0055 9.3673 0.22838 0.1627 0.0024 2354.5 49.0 23746 35.6 2483.8 28.1 0.8 5.2 2483.8 28.09
G87 288 970.7 0.11  0.0313 0.0004 0.2430 0.0065 0.0556 0.0014 1986 51 2209 109 4360 18.1 10.1 54.4 198.6  5.13
G88 172 377.6 037  0.0455 0.0006 0.3223 0.0090 0.0526 0.0013 2865 7.3 283.6 141 3103 141 -1.0 7.7 286.5  7.28
G89 309 1678 0.62  0.1647 0.0022 1.5332 0.0478 0.0690 0.0016 983.0 23.8 943.8 325 899.6 279 42 9.3 899.6  27.88
G0 109 1044 091  0.0868 0.0013 0.7997 0.0331 0.0673 0.0022 536.5 148 596.7 329 846.1 390 10.1 36.6 536.5 14.83
G91 227 597 047 03466 0.0047 58724 0.2303 0.1252 0.0026 1918.2 44.6 19572 425 20309 36.5 2.0 5.5 2030.9 36.51
G92 65 1511 104 0.0346 0.0005 0.2489 0.0105 0.0517 0.0020 2195 62 2257 167 2699 193 2.8 18.7 2195 623
G93 276 1734 0.66  0.1408 0.0018 13147 0.0335 0.0679 0.0013 849.1 202 8522 270 8658 235 0.4 1.9 849.1  20.23
G94 1203 388.8 0.21  0.3047 0.0037 4.7234 0.0891 0.1141 0.0016 17147 369 17714 316 18652 25.1 3.2 8.1 1865.2 25.13
G95 1594 19796 026  0.0809 0.0010 0.6426 0.0110 0.0577 0.0009 501.7 11.8 503.9 152 517.2 127 0.4 3.0 501.7 1181
G9% 1194 3926 0.12  0.3083 0.0038 4.9000 0.1017 0.1152 0.0017 17347 37.5 18023 32.6 1882.2 26.2 3.7 7.8 1882.2 26.16
G97 166 3478 120  0.0373 0.0005 02578 0.0075 0.0517 0.0014 2358 6.1 2329 126 2713 134  -13 13.1 2358  6.09
G98 131 1781 048  0.0687 0.0010 0.5664 0.0201 0.0600 0.0018 4286 11.5 4557 244 6047 282 6.0 29.1 428.6 1146
G99 668 4560 0.62 0.1315 0.0016 1.2081 0.0256 0.0670 0.0011 7962 18.6 8043 235 8362 20.1 1.0 4.8 796.2  18.57
G100 1127 5073 037 02119 0.0026 2.4473 0.0463 0.0833 0.0013 1239.0 27.7 1256.6 279 12763 225 1.4 2.9 1276.3 22.53
G101 268 3655 055 0.0677 0.0009 0.5574 0.0134 0.0604 0.0013 4220 104 4498 178 6194 199 6.2 319 4220 10.39
G102 16,5 366.5 041  0.0433 0.0006 0.3292 0.0090 0.0565 0.0014 2735 6.9 289.0 142 4709 19.1 5.4 41.9 2735 6.92
G103 57.7 3320 042 0.1652 0.0021 1.6141 0.0348 0.0723 0.0012 9855 22.7 9757 265 993.0 221 -1.0 0.8 993.0 22.13
G104 1722 4849 0.17 03495 0.0043 5.7394 0.1067 0.1215 0.0018 19324 409 1937.3 328 19779 258 0.3 2.3 1977.9  25.82
G105 155 363.7 041  0.0410 0.0005 0.2786 0.0080 0.0511 0.0013 2588 6.7 249.6 133 2467 121 -3.7 -4.9 258.8  6.69
G106 251.7 4364 028  0.5271 0.0065 14.2785 0.2696 0.1971 0.0028 2729.1 545 27684 354 28022 27.6 1.4 2.6 28022 27.56
G107 22.1 3068 042  0.0691 0.0009 0.5338 0.0141 0.0573 0.0013 430.6 10.7 4343 18.6 5019 18.6 0.8 14.2 430.6  10.73
G108 92.7 6872 006  0.1430 0.0018 1.3783 0.0264 0.0706 0.0011 861.4 199 879.7 236 9444 20.1 2.1 8.8 861.4  19.85
G109 205.1 650.9 0.11  0.3182 0.0039 49401 0.0979 0.1130 0.0017 1781.0 383 1809.1 32.6 1847.6 26.0 1.6 3.6 1847.6  26.04
G110 77.1 3982 039  0.1851 0.0023 19613 0.0418 0.0776 0.0013 1094.9 250 11023 279 11359 233 0.7 3.6 11359 23.29
GI11 11.3  163.2 021  0.0699 0.0009 0.6472 0.0203 0.0709 0.0019 4356 11.3  506.8 244 9557 334 140 54.4 435.6  11.33
G112 778 400.0 0.68  0.1707 0.0021 1.6721 0.0355 0.0722 0.0012 1015.9 233 9980 267 9916 219  -1.8 -2.5 991.6  21.95
G113 288 691.0 037  0.0409 0.0005 0.3228 0.0085 0.0571 0.0013 2583 6.6 2840 133 4942 19.1 9.1 47.7 2583  6.56
G114 415 5483 031  0.0748 0.0010 0.6020 0.0157 0.0584 0.0013 465.1 11.5 4785 195 5429 193 2.8 14.3 465.1 1152
G115 489 749.7 020 0.0670 0.0009 0.5177 0.0126 0.0564 0.0012 418.1 103 423.6 170 468.1 164 1.3 10.7 418.1  10.27
G116 131.6 178.1 0.57  0.6173 0.0077 20.6797 0.4683 0.2464 0.0036 3099.2 61.0 31237 373 3161.7 29.2 0.8 2.0 3161.7 29.24
G117 263 438 116 04553 0.0060 99346 0.3703 0.1635 0.0030 2418.7 53.3 24287 419 24922 348 0.4 2.9 24922 34.79
G118 213 5735 039  0.0360 0.0005 02618 0.0088 0.0526 0.0016 2282 6.1 2361 141 3098 17.1 34 264 2282  6.10
G119 144 3646 029  0.0395 0.0005 0.2858 0.0084 0.0538 0.0014 2495 64 2552 13.7 3627 17.1 2.3 31.2 2495 645
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GI20 319 895 029 03410 0.0044 5.3732 0.1565 0.1184 0.0021 1891.3 42.0 1880.6 37.8 1932.1 31.5  -0.6 2.1 1932.1 31.53
G121 386.8 898.0 0.17 04202 0.0052 9.3923 0.1831 0.1621 0.0024 2261.5 47.0 2377.1 354 24779 282 49 8.7 24779 28.18
G122 85.0 1977 039 03959 0.0049 73109 0.1679 0.1392 0.0022 2150.1 45.6 2150.1 359 2217.0 29.0 0.0 3.0 2217.0 28.96
G123 1944 3814 042 04577 0.0057 10.0576 0.2001 0.1636 0.0024 2429.5 50.0 2440.1 35.8 2493.6 284 04 2.6 2493.6 2841
G124 189.0 347.8 0.54  0.4698 0.0059 10.3368 0.2362 0.1622 0.0025 2482.6 51.3 24654 36.7 24784 293 -0.7 -0.2 24784 29.31
G125 27.7 309.6 093  0.0748 0.0010 0.6080 0.0191 0.0596 0.0016 4652 12.0 4823 230 5884 244 3.5 20.9 4652 12.00
G126 83 1688 0.21 0.0505 0.0008 0.3898 0.0205 0.0552 0.0026 317.3 99 3343 278 4199 329 5.1 24.4 3173 9.94
G127 170.7 7143 028  0.2339 0.0029 2.8092 0.0556 0.0879 0.0014 1354.6 30.3 1358.0 30.0 1380.3 244 0.2 1.9 1380.3 24.43
G128 10.8  68.1 1.12 0.1259 0.0018 1.1023 0.0443 0.0657 0.0020 7644 204 7545 36.6 7972 347 -1.3 4.1 764.4  20.38
G129 71.6 5371 029  0.1338 0.0017 1.3990 0.0316 0.0761 0.0014 809.5 192 8885 26.1 1098.0 249 8.9 26.3 809.5 19.22
G130 38 699 031 00537 0.0011 0.3917 0.0326 0.0541 0.0040 337.1 135 3356 44.6 3744 471 -0.5 9.9 337.1  13.46
G131 85.6 2713 030  0.3088 0.0039 4.7459 0.1263 0.1125 0.0020 1734.6 38.7 17754 36.5 1840.5 30.6 23 5.8 1840.5 30.63
G132 157.1 806.6 0.64  0.1738 0.0022 1.8451 0.0360 0.0757 0.0012 1033.0 23.6 1061.7 265 1087.9 22.1 2.7 5.0 1087.9 22.07
G133 134 3562 0.16 0.0392 0.0005 0.2792 0.0088 0.0523 0.0015 247.6 6.6 250.0 142 298.1 15.6 0.9 16.9 247.6  6.58
G134 1063 2014 042 04703 0.0059 10.7807 0.2489 0.1678 0.0027 24849 51.6 25044 375 2536.1 302 0.8 2.0 2536.1 30.16
G135 117.7 2322 035 04630 0.0059 10.1534 0.2624 0.1661 0.0027 24529 51.6 2448.8 384 25188 312 -0.2 2.6 2518.8 31.20
G136 63.1 5865 025 0.1066 0.0014 1.0166 0.0280 0.0683 0.0015 653.0 162 7122 26.1 8762 26.7 8.3 25.5 653.0 16.19
G137 57.6 1072 0.61  0.4590 0.0058 10.0419 0.2797 0.1602 0.0027 24349 51.6 2438.6 39.0 24582 319 0.2 0.9 24582 3191
G138 124 2089 051  0.0552 0.0008 04175 0.0174 0.0560 0.0021 346.6 98 3543 240 4536 276 22 23.6 346.6  9.77
G139 1409 511.0 029 02667 0.0033 35364 0.0738 0.0991 0.0016 15239 33.8 15354 32,6 16063 27.0 0.7 5.1 1606.3 26.95
G140 68.0 4289 0.28  0.1578 0.0022 1.5747 0.0574 0.0741 0.0020 9445 241 960.3 373 1043.6 352 1.6 9.5 1043.6 35.24
12061703 Upper reaches mainstream
G2 67 541 0.06  0.1313 0.0015 1.2203 0.0166 0.0667 0.0005 7953 17.2 8099 154 8272 10.2 1.8 3.8 7953 172
G3 55 287 020  0.1919 0.0022 2.0321 0.0289 0.0763 0.0006 11314 240 11263 19.0 11022 120 -0.5 2.7 11022 120
G6 71 174  0.63  0.3503 0.0041 5.6654 0.0854 0.1181 0.0009 1935.8 387 1926.1 23.7 1927.8 14.1 -0.5 -0.4 1927.8  14.1
G7 17 187 0.80  0.0763 0.0009 0.5945 0.0113 0.0568 0.0008 474.1 11.1 4737 141 4849 122 -0.1 22 4741 111
G8 37 480 0.59  0.0705 0.0008 0.5389 0.0078 0.0555 0.0005 439.2 99 4377 106 4328 8.0 -0.4 -1.5 439.2 9.9
G10 53 97 040 04827 0.0056 11.2491 0.1897 0.1681 0.0012 25389 489 25440 25.6 25384 150 0.2 0.0 25384 150
Gll 155 675 033  0.2205 0.0025 24727 0.0333 0.0814 0.0006 12843 26.7 1264.1 19.5 1230.6 11.5 -1.6 4.4 1230.6  11.5
Gl4 51 76 1.37  0.4796 0.0057 10.7667 0.2035 0.1667 0.0013 2525.6 49.2 25032 265 25250 16.2 -0.9 0.0 25250 162
G15 123 320 0.73  0.3263 0.0037 49868 0.0673 0.1118 0.0008 1820.5 364 1817.1 22.6 18284 129 -0.2 0.4 18284 129
Gl6 82 147 052 04829 0.0056 11.1910 0.1780 0.1691 0.0012 2540.0 48.6 25392 253 25483 14.6 0.0 0.3 25483 14.6
G18 37 829 094  0.0369 0.0004 0.2768 0.0043 0.0547 0.0006 233.5 53 2481 7.1 3983 87 5.9 41.4 2335 5.3
G19 423 1304 020 03198 0.0037 49834 0.0633 0.1122 0.0007 1788.7 357 1816.5 22.1 18350 123 1.5 2.5 18350 123
G20 517 1212 030  0.3999 0.0046 7.9008 0.0990 0.1416 0.0009 2168.6 42.0 2219.8 234 2247.1 127 23 3.5 22471 127
G21 128 435 0.16  0.2950 0.0034 4.4878 0.0647 0.1113 0.0008 16663 339 1728.7 227 18199 13.7 3.6 8.4 18199 137
G22 100 174  0.77  0.4686 0.0054 10.3861 0.1602 0.1618 0.0011 2477.6 47.6 2469.8 25.1 24746 144 -0.3 -0.1 24746 144
G23 17 378 0.05  0.0472 0.0006 0.3632 0.0071 0.0566 0.0009 297.4 7.1 3146 10.8 4764 13.1 5.5 37.6 2974 1.1
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G24 95 959 023  0.0986 0.0011 0.8646 0.0122 0.0637 0.0006 6060 134 632.6 13.6 7304 104 42 17.0 6060  13.4
G25 6 181 0.53  0.0291 0.0004 0.2010 0.0062 0.0503 0.0014 1850 5.1  186.0 10.8 207.0 12.0 0.5 10.7 1850 5.1

G26 129 206 1.11 ~ 0.4860 0.0056 11.3947 0.1621 0.1714 0.0011 25534 484 25560 24.8 25714 13.8 0.1 0.7 25714 138
G27 29 982 054  0.0272 0.0003 0.1962 0.0033 0.0531 0.0007 1727 40 1819 6.0 3314 838 5.1 47.9 1727 40

G28 12 42 0.45 02725 0.0034 4.0420 0.0974 0.1061 0.0013 1553.4 342 16427 283 17333 21.7 54 10.4 17333 217
G29 22 795 041 00261 0.0003 0.1852 0.0033 0.0523 0.0007 1662 39 1725 59 2977 87 3.7 44.2 166.2 3.9

G30 13 333 049  0.0363 0.0004 0.2530 0.0049 0.0510 0.0008 2299 55 2290 83 2395 82 0.4 4.0 2299 55

G31 15 42 0.81 02950 0.0037 4.7245 0.1200 0.1135 0.0014 1666.6 36.7 1771.6 29.4 1855.6 22.5 5.9 10.2 1855.6 225
G32 19 311 1.01  0.0503 0.0006 0.3636 0.0062 0.0529 0.0007 3162 74 3149 96 3258 85 0.4 3.0 3162 74
G33 75 363 1.01  0.1665 0.0019 1.6488 0.0231 0.0724 0.0006 992.5 21.2 989.1 17.8 996.1 11.5 0.3 0.4 996.1 115
G34 36 60 0.87 04767 0.0056 10.7926 0.2060 0.1682 0.0014 2513.1 49.1 25054 26.6 25400 164 0.3 1.1 25400 16.4
G35 217 630 026  0.3321 0.0038 52275 0.0692 0.1151 0.0008 18484 36.8 1857.1 22.7 1880.7 13.0 0.5 1.7 1880.7 13.0
G36 106 307  0.19 03374 0.0039 54038 0.0751 0.1147 0.0008 1874.1 373 18855 23.0 18745 133 0.6 0.0 18745 133
G37 123 346 022 0.3438 0.0039 5.4646 0.0741 0.1166 0.0008 1904.7 37.8 1895.1 230 19043 132  -0.5 0.0 19043 132
G38 23 589 0.16  0.0405 0.0005 02877 0.0047 0.0516 0.0006 25577 59 2568 7.8 2695 7.2 0.4 5.1 25577 59

G39 56 95 0.68  0.4894 0.0058 11.6346 0.2164 0.1784 0.0014 25679 498 2575.5 26.6 26382 16.2 0.3 2.7 2638.2 162
G40 120 767  0.13  0.1616 0.0019 1.5946 0.0209 0.0721 0.0005 965.7 20.5 968.1 17.0 9893 10.7 0.2 24 989.3  10.7
G41 365 603 1.23  0.4806 0.0055 11.0826 0.1453 0.1677 0.0011 2530.1 47.8 2530.1 245 25350 13.5 0.0 0.2 25350 135
G46 17 320 1.09  0.0434 0.0005 0.3182 0.0059 0.0532 0.0008 274.1 6.5 2805 94 3386 98 2.3 19.1 274.1 6.5

G47 185 533 035  0.3260 0.0037 5.0902 0.0680 0.1133 0.0008 1819.1 36.3 18345 22.7 1853.6 13.1 0.8 1.9 1853.6 13.1
G48 88 177 038 04478 0.0052 9.4370 0.1496 0.1535 0.0011 23855 46.1 2381.4 252 23857 149  -02 0.0 238577 149
G49 102 260 041 03605 0.0042 5.9552 0.0898 0.1219 0.0009 1984.6 39.4 1969.3 240 1983.8 14.5 -0.8 0.0 1983.8 145
G50 78 213 039 03404 0.0039 53860 0.0780 0.1151 0.0009 1888.5 37.7 1882.6 234 1882.1 140 0.3 0.3 1882.1 14.0
G5l 9 201 1.01  0.0364 0.0005 0.2854 0.0073 0.0579 0.0013 230.2 6.0 2549 11.8 527.1 19.7 9.7 56.3 2302 6.0

G52 30 55 0.38  0.4910 0.0058 11.4486 0.2271 0.1699 0.0014 25752 502 25604 27.1 25570 17.0  -0.6 0.7 25570 170
G53 347 1055 0.11  0.3306 0.0038 5.1153 0.0652 0.1130 0.0008 1841.0 36.5 1838.6 225 18479 12.8 -0.1 0.4 18479 12.8
G54 149 435 020 03364 0.0039 53131 0.0705 0.1149 0.0008 18694 37.1 1871.0 229 1877.8 13.3 0.1 0.4 1877.8 133
G55 228 540 003 04222 0.0048 82920 0.1092 0.1436 0.0010 22704 43.7 22634 24.1 2270.6 13.6  -03 0.0 2270.6  13.6
G56 175 412 037 03936 0.0045 84202 0.1133 0.1564 0.0011 2139.7 41.7 22774 242 24168 140 6.0 11.5 24168 140
G57 123 273 040 04102 0.0047 7.9410 0.1113 0.1397 0.0010 2215.8 43.1 22243 243 22230 140 0.4 0.3 22230 140
G58 181 496 048  0.3325 0.0038 5.3718 0.0720 0.1178 0.0008 1850.6 36.9 1880.4 23.0 1923.7 13.5 1.6 3.8 19237 135
G60 92 126 044  0.6309 0.0073 22.7002 0.3958 0.2601 0.0019 3153.3 580 32142 26.7 32474 155 1.9 2.9 32474 155
Gol 11 435 0.87  0.0221 0.0003 0.1566 0.0033 0.0513 0.0009 1410 35 1477 6.1 2534 9.6 4.6 44.4 1410 35

G62 85 220 040 03546 0.0041 58341 0.0855 0.1199 0.0009 1956.5 389 1951.5 239 19553 144 03 0.1 19553 144
G63 214 563  0.60  0.3342 0.0038 52543 0.0716 0.1137 0.0008 1858.7 37.0 1861.5 23.0 1859.5 13.5 0.1 0.0 1859.5 135
G64 117 314 0.18 03618 0.0042 6.0448 0.0899 0.1233 0.0009 1990.9 39.5 19823 24.1 20045 146  -04 0.7 20045 14.6
G65 28 363 048  0.0718 0.0008 0.5462 0.0088 0.0558 0.0006 446.8 10.1 4425 11.8 4444 96 -1.0 0.5 446.8  10.1
G66 82 147 057 04772 0.0056 109195 0.1873 0.1678 0.0013 25152 485 25163 26.1 25356 159 0.0 0.8 25356 159

G67 156 432 0.43 0.3318 0.0038 5.1346 0.0740 0.1129 0.0009 1847.0 37.0 18419 234 1846.1 14.2 -0.3 0.0 1846.1 142



Table 4

Ratios Ages (Ma) % %
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No. (ppm) Th/U | 206/238 +s.e. 207/235 *s.e. 207/206 xs.e. [206/238 +2s 207/235 +2s 207/206 +2s |207/235) 207/206) (Ma)  *2s
G68 62 92 0.97 05171 0.0061 13.2105 0.2540 0.1841 0.0015 2687.0 51.8 26948 27.1 2689.8 169 0.3 0.1 2689.8 169
G69 14 178 076 0.0699 0.0009 0.5301 0.0102 0.0569 0.0008 4354 102 4319 13.8 4869 12.8 -0.8 10.6 4354 102
G70 164 530 021  0.3039 0.0035 4.7631 0.0623 0.1142 0.0008 1710.7 343 17784 22.6 1867.1 13.5 3.8 8.4 1867.1  13.5
G71 26 65 030  0.3816 0.0045 6.6380 0.1310 0.1290 0.0012 2083.5 423 20644 268 20841 18.0  -0.9 0.0 2084.1  18.0
G72 160 297 040 04794 0.0055 11.0423 0.1626 0.1668 0.0012 2524.8 48.0 25267 253 25258 149 0.1 0.0 25258 149
G73 210 611 033 0.3252 0.0037 5.0867 0.0705 0.1133 0.0008 1814.8 363 1833.9 232 18533 14.0 1.0 2.1 18533 140
G74 320 999  0.10 0.3241 0.0037 5.1226 0.0656 0.1143 0.0008 1809.7 36.0 18399 22.7 1868.7 13.3 1.6 3.2 1868.7 13.3
G75 54 144 047 03370 0.0040 54380 0.0985 0.1145 0.0010 18724 382 18909 254 18714 169 1.0 0.1 18714 169
G76 27 339 052 0.0727 0.0009 0.5536 0.0092 0.0559 0.0007 4523 103 4474 122 4492 9.9 -1.1 0.7 4523 103
G77 48 604 059  0.0717 0.0008 0.5525 0.0081 0.0558 0.0005 446.1 10.0 446.7 109 4448 83 0.1 0.3 446.1 100
G78 42 132 037 02961 0.0035 4.1619 0.0688 0.1036 0.0009 16720 344 1666.6 240 1688.7 15.8 0.3 1.0 1688.7 15.8
G79 140 412 031  0.3233 0.0037 49911 0.0702 0.1124 0.0009 1805.8 36.1 1817.8 233 18379 142 0.7 1.7 18379 142
G80 38 175 130 0.1650 0.0020 1.6640 0.0299 0.0733 0.0008 984.5 21.7 9949 20.7 1021.7 158 1.0 3.6 1021.7  15.8
G81 218 614 028  0.3384 0.0039 53108 0.0706 0.1151 0.0008 1879.1 37.3 1870.6 23.1 1881.9 13.7 -0.5 0.2 1881.9 137
G82 420 798  0.53 04576 0.0052 10.2939 0.1376 0.1608 0.0011 2428.8 463 2461.6 249 24644 145 1.3 1.4 2464.4  14.5
G83 68 163 060 03715 0.0043 6.7949 0.1119 0.1324 0.0011 2036.3 40.6 2085.1 252 2129.8 16.0 2.3 4.4 2129.8 160
G85 348 1177 005  0.3060 0.0035 4.9994 0.0640 0.1179 0.0008 1720.8 34.5 18192 227 19240 13.7 54 10.6 19240 137
G86 73 396 053 0.1692 0.0020 1.6912 0.0245 0.0729 0.0006 1007.9 21.5 10052 18.4 10109 124 0.3 0.3 10109 124
G87 92 234 070 0.3350 0.0039 5.1582 0.0826 0.1136 0.0010 1862.7 37.6 184577 245 18583 15.8 -0.9 0.2 18583 15.8
G89 161 379 039 03963 0.0045 85621 0.1178 0.1601 0.0012 2152.0 41.9 22925 24.8 24564 150 6.1 12.4 2456.4 150
G92 32 94 0.54 03080 0.0037 4.5067 0.0971 0.1067 0.0012 1731.1 36.7 17322 27.4 17429 20.0 0.1 0.7 17429 200
G93 104 663  0.88  0.1331 0.0015 1.2921 0.0181 0.0714 0.0006 8053 17.4 8422 165 9689 120 4.4 16.9 805.3 174
G944 23 471 0.16 ~ 0.0514 0.0006 0.3657 0.0065 0.0522 0.0007 323.0 7.6 3164 100 2946 84 2.1 9.7 3230 7.6
G95 57 90 1.22  0.4710 0.0056 10.7888 0.2190 0.1632 0.0015 2487.7 49.0 2505.1 27.7 2489.4 18.2 0.7 0.1 2489.4 182
Go% 21 498 041  0.0407 0.0005 0.2918 0.0057 0.0522 0.0008 257.1 6.2 2600 92 2929 94 1.1 12.2 257.1 6.2
G97 16 312 096  0.0415 0.0005 0.2982 0.0058 0.0527 0.0008 2622 63 2650 95 3146 100 1.0 16.7 2622 6.3
G98 460 1325 0.11  0.3505 0.0040 6.8748 0.0903 0.1429 0.0011 1936.8 38.2 20954 24.1 2263.0 14.7 7.6 14.4 2263.0 147
G99 134 392 033 03234 0.0037 50071 0.0738 0.1128 0.0009 1806.2 36.3 1820.5 23.8 1844.8 15.1 0.8 2.1 18448 15.1
G101 23 287 076 0.0708 0.0009 0.5633 0.0117 0.0590 0.0010 4412 10.6 4536 151 5675 154 2.7 222 4412 10.6
G104 135 394 020 0.3354 0.0039 52424 0.0771 0.1145 0.0009 18644 374 18595 24.1 18714 153 -0.3 0.4 18714 153
G105 15 210 1.19  0.0554 0.0007 0.4347 0.0098 0.0578 0.0011 347.7 86 3665 139 5237 164 5.1 33.6 347.7 8.6
G106 223 673  0.12  0.3311 0.0038 5.0941 0.0702 0.1129 0.0009 1843.6 36.8 1835.1 23.6 1846.0 146  -0.5 0.1 1846.0 14.6
G108 351 1017 040  0.3201 0.0037 49420 0.0663 0.1127 0.0009 1790.3 35.7 1809.5 233 1844.0 145 1.1 2.9 1844.0 145
Gl11 214 546 042 03596 0.0041 59245 0.0808 0.1216 0.0010 19804 39.1 19648 242 19795 150  -0.8 0.0 19795 150
G112 28 745 056 0.0350 0.0004 02484 0.0044 0.0518 0.0007 2220 52 2253 75 2753 82 1.4 19.3 2220 52
G113 167 358  0.84  0.3872 0.0041 8.1442 0.0808 0.1549 0.0010 2109.7 383 22472 223 24003 12.7 6.1 12.1 24003 127
G114 10 199 1.10  0.0405 0.0004 0.3217 0.0044 0.0578 0.0007 2560 52 2832 81 521.8 117 9.6 50.9 2560 52
GI15 176 533 022  0.3245 0.0045 5.8809 0.1244 0.1310 0.0013 1811.6 43.5 19584 29.2 2111.8 18.6 7.5 14.2 2111.8  18.6

G116 153 900 0.48 0.1575 0.0006 1.6573 0.0087 0.0751 0.0014 942.8 6.1 9924 232 1070.6 253 5.0 11.9 1070.6 253
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GI17 135 216 1.28 04593 0.0038 9.9574 0.0894 0.1583 0.0011 2436.6 33.1 2430.8 198 24374 142  -0.2 0.0 24374 142
G119 113 312 013 03596 0.0053 6.3433 0.1575 0.1306 0.0013 1980.5 504 20245 315 21056 193 2.2 5.9 21056 193
G120 105 572 0.65  0.1627 0.0006 1.5883 0.0142 0.0715 0.0019 9716 62 9656 337 9729 348 0.6 0.1 9729 348
G121 1 16 0.84  0.0628 0.0042 0.4973 0.0982 0.0568 0.0011 3924 50.5 4099 462 4834 164 4.3 18.8 3924 50.5
G124 57 87 0.53  0.5617 0.0030 17.6672 0.0668 0.2230 0.0011 2873.5 244 2971.8 14.0 3002.7 11.0 33 4.3 3002.7 11.0
G125 9 207 078  0.0391 0.0024 0.2736 0.0604 0.0511 0.0013 247.1 292 2456 28.6 2449 124  -0.6 -0.9 2471 29.2
G126 199 549 036  0.3388 0.0067 5.4759 0.3680 0.1180 0.0020 1880.9 64.1 1896.8 449 19257 31.1 0.8 2.3 1925.7  31.1
G127 77 340  0.66 02000 0.0005 2.1579 0.0070 0.0793 0.0011 11755 5.5 1167.6 204 11786 214 0.7 0.3 1178.6  21.4
G128 107 293 051 03318 0.0039 59841 0.0818 0.1312 0.0010 1847.2 37.9 19735 245 21146 151 6.4 12.6 21146 15.1
G129 31 170 1.53  0.1308 0.0023 1.2288 0.0324 0.0676 0.0007 792.6 265 813.8 232 8548 13.9 2.6 7.3 792.6 265
G130 283 664 048  0.3840 0.0039 6.9625 0.1011 0.1316 0.0012 2094.9 36.1 21067 243 21190 17.7 0.6 1.1 2119.0 17.7
G131 294 652 048 04147 0.0016 9.4565 0.0230 0.1687 0.0009 2236.5 143 23833 11.7 2544.6 10.9 6.2 12.1 25446 109
G132 17 36 1.29  0.3553 0.0044 5.9255 0.1013 0.1208 0.0011 1960.0 42.0 19650 26.8 19675 17.2 0.3 0.4 19675 172
G133 144 4010 0.64  0.0321 0.0048 0.2546 0.1345 0.0573 0.0014 203.6 59.6 2303 619 5043 20.6 11.6 59.6 203.6  59.6
G134 214 638 027 03229 0.0045 49141 0.1632 0.1131 0.0016 1803.9 43.8 18047 33.7 1849.0 25.6 0.0 2.4 1849.0 25.6
G135 63 121 029 04742 0.0004 10.4823 0.0035 0.1654 0.0005 2501.8 32 24784 6.0 25120 7.2 -0.9 0.4 25120 7.2
G137 117 215 1.19  0.4143 0.0056 8.3435 0.1947 0.1509 0.0015 2234.6 509 2269.1 30.7 23560 20.1 L5 5.2 23560 20.1
G138 20 350 1.51  0.0407 0.0034 0.3041 0.0735 0.0543 0.0011 257.2 420 269.6 40.7 3852 143 4.6 332 2572 420
G139 65 274 0.11 02444 0.0049 29931 0.1474 0.08904 0.0014 1409.7 504 14059 38.6 1411.7 253 0.3 0.1 1411.7 253
G140 378 771 0.45  0.4400 0.0005 9.4163 0.0066 0.1565 0.0010 2350.4 4.6 23794 11.8 24182 13.0 1.2 2.8 24182  13.0
G141 24 350 1.29  0.0533 0.0029 04226 0.0492 0.0567 0.0009 3348 350 3579 334 480.7 134 6.5 30.3 3348 350
G142 328 1053 0.08 03171 0.0050 4.9796 0.1300 0.1128 0.0013 1775.6 493 18159 33.1 18450 21.0 2.2 3.8 18450 210
G143 88 315 0.62  0.2477 0.0007 29764 0.0088 0.0900 0.0010 1426.7 6.8 1401.6 16.7 14257 17.5 -1.8 0.1 14257 175
G144 27 633 080  0.0360 0.0036 0.2779 0.0692 0.0561 0.0010 228.1 453 2490 453 4547 139 8.4 49.9 228.1 453
G146 50 82 1.22  0.4567 0.0004 9.8590 0.0049 0.1601 0.0008 24249 3.8 2421.7 9.1 24564 10.3 -0.1 1.3 2456.4  10.3
G147 253 412 095 04828 0.0029 11.1006 0.0538 0.1688 0.0010 2539.6 249 2531.6 154 2546.1 12.1 0.3 0.3 2546.1  12.1
G149 172 475 043  0.3353 0.0055 5.8376 0.2183 0.1305 0.0017 1864.1 53.1 19520 36.3 2105.1 242 4.5 11.5 2105.1 242
G150 140 357 036  0.3650 0.0056 6.1940 0.1630 0.1233 0.0015 2005.6 52.5 2003.6 33.7 20041 219  -0.1 0.1 2004.1 219
14052705 Song Trac

Gl 33 324 1.58  0.0721 0.0009 0.5224 0.0104 0.0543 0.0008 4490 108 4268 139 3843 9.7 -5.2 -16.8 4490 108
G2 46 183 1.03  0.2001 0.0025 2.1439 0.0412 0.0788 0.0009 1176.0 263 1163.1 234 1166.1 20.7 -1.1 -0.8 1166.1  20.7
G3 182 357 041 04592 0.0054 99951 0.1486 0.1577 0.0012 24359 47.7 24343 257 2430.8 185 -0.1 0.2 24308 185
G4 106 276  0.62  0.3343 0.0040 52041 0.0862 0.1142 0.0010 1859.0 385 18533 250 1867.8 19.3 0.3 0.5 1867.8  19.3
G5 247 2139 026  0.1146 0.0014 1.1862 0.0178 0.0759 0.0007 699.3 157 7942 16.6 10922 17.0 11.9 36.0 6993 157
Go6 212 585 033 0.3422 0.0040 6.1505 0.0869 0.1293 0.0010 1897.3 385 19974 243 2088.6 17.9 50 9.2 2088.6  17.9
G7 279 1034 0.06  0.2799 0.0033 4.4119 0.0600 0.1129 0.0008 1591.1 329 17146 229 1846.8 173 7.2 13.8 1846.8 17.3
G8 6 94 0.72  0.0551 0.0009 0.3996 0.0165 0.0518 0.0019 346.0 109 3413 229 2784 224  -14 -24.3 3460 109

G9 100 92 2.05 0.3096 0.0039 4.5377 0.1102 0.1101 0.0014 1738.8 385 17379 29.7 18009 25.6 -0.1 3.4 1800.9  25.6
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GIO 28 365 .50 0.0556 0.0007 0.4113 0.0100 0.0534 0.0011 3488 89 3498 141 3441 164 03 -1.4 348.8 8.9
G111 30 393 056 0.0685 0.0009 0.5489 0.0114 0.0573 0.0009 4269 104 4443 145 5039 174 3.9 15.3 4269 104
GI12 258 566 059  0.3920 0.0046 7.48381 0.1140 0.1359 0.0011 21323 427 21716 252 21750 18.6 1.8 2.0 21750 18.6
G13 46 71 1.03  0.4601 0.0059 10.7850 0.3011 0.1606 0.0018 2439.8 51.7 2504.8 31.4 24622 25.5 2.6 0.9 24622 255
Gl4 90 59 1.74  0.3253 0.0042 4.9219 0.1347 0.1116 0.0015 18158 409 18060 31.8 18248 27.7 -0.5 0.5 1824.8  27.7
GI15 48 82 0.57 04910 0.0061 11.3532 0.2737 0.1693 0.0017 25750 527 2552.6 29.8 25509 234  -0.9 -0.9 25509 234
Gl6 44 284 032 0.1523 0.0018 1.4149 0.0247 0.0694 0.0008 913.6 20.5 8952 19.7 9104 180  -2.1 0.4 9104  18.0
G17 99 244 078 03374 0.0040 52768 0.0948 0.1127 0.0010 1874.1 389 1865.1 258 18432 204 0.5 -1.7 18432 204
G18 15 78 1.26  0.1417 0.0019 1.3124 0.0382 0.0652 0.0013 8540 21.6 851.2 27.7 781.1 26.7 0.3 9.3 854.0  21.6
G19 16 80 230 0.1237 0.0017 1.0960 0.0323 0.0619 0.0013 751.9 193 7514 264 6689 256  -0.1 -12.4 751.9 193
G20 78 473 1.21  0.1278 0.0015 1.1464 0.0184 0.0652 0.0007 7755 174 7755 17.1 7795 158 0.0 0.5 7755 174
G21 32 81 1.14  0.3077 0.0038 4.5361 0.0985 0.1062 0.0012 17293 374 1737.6 27.7 17348 233 0.5 0.3 17348 233
G22 159 518 044 02846 0.0033 44251 0.0648 0.1122 0.0009 16142 335 1717.1 235 18357 183 6.0 12.1 18357 183
G23 86 204 .15 0.3237 0.0039 4.9081 0.0865 0.1100 0.0010 1807.6 37.6 1803.6 25.5 1799.1 20.3 -0.2 0.5 1799.1 203
G24 245 724 0.17 03333 0.0039 52270 0.0751 0.1130 0.0009 1854.6 37.7 1857.0 23.9 18485 17.9 0.1 0.3 1848.5 17.9
G25 137 347 085 03271 0.0039 5.1015 0.0848 0.1134 0.0010 1824.5 37.7 1836.4 25.1 1854.0 19.7 0.6 1.6 18540 19.7
G26 23 149 044  0.1442 0.0019 1.5336 0.0387 0.0763 0.0013 868.4 21.2 9439 26.1 11022 274 8.0 21.2 868.4  21.2
G27 194 382 030 04630 0.0055 98546 0.1569 0.1524 0.0012 24529 480 24213 262 23733 193 -1.3 -3.4 23733 193
G28 24 475 0.65  0.0454 0.0006 0.3516 0.0077 0.0548 0.0010 2863 7.2 3059 115 4041 167 6.4 29.1 2863 72
G29 179 297 1.17  0.4503 0.0053 9.6780 0.1624 0.1550 0.0013 2396.7 47.3 2404.6 26.6 2402.1 20.0 0.3 0.2 2402.1 200
G30 111 770  0.15  0.1493 0.0018 1.4254 0.0217 0.0686 0.0006 897.1 19.7 899.6 179 8879 157 0.3 -1.0 897.1 197
G31 73 387 058  0.1699 0.0021 1.7236 0.0316 0.0731 0.0008 1011.3 22.6 10174 214 10153 19.4 0.6 0.4 10153  19.4
G32 386 1909 0.73  0.1744 0.0020 1.9209 0.0261 0.0793 0.0006 1036.3 22.3 1088.4 18.8 1180.1 15.7 4.8 12.2 1180.1  15.7
G33 89 249 1.10 0.2802 0.0033 3.7033 0.0625 0.0983 0.0009 1592.5 33.5 1572.1 243 1591.7 19.7 -1.3 0.0 1591.7 197
G34 155 429 027 03479 0.0041 59070 0.0956 0.1222 0.0011 1924.6 39.2 19623 253 1989.2 19.6 1.9 32 1989.2  19.6
G35 252 497 037 04660 0.0055 11.6162 0.1839 0.1820 0.0015 2465.8 482 25740 26.7 2671.3 19.9 4.2 7.7 26713 199
G36 363 739 020 04633 0.0054 10.3518 0.1639 0.1591 0.0013 24540 47.9 2466.8 264 24463 19.8 0.5 0.3 24463  19.8
G37 19 418 074  0.0401 0.0005 0.3148 0.0070 0.0561 0.0010 253.1 63 2779 107 4567 182 8.9 44.6 253.1 6.3
G38 14 220 041 00613 0.0008 0.4591 0.0107 0.0544 0.0010 3833 9.6 3836 146 3885 169 0.1 1.3 3833 9.6
G39 42 410 057  0.0903 0.0011 0.7605 0.0157 0.0617 0.0009 5575 134 5743 174 6648 195 2.9 16.1 5575 134
G40 19 143 083  0.1109 0.0014 09610 0.0237 0.0621 0.0011 6780 16.6 683.8 21.9 6758 225 0.9 0.3 6780  16.6
G41 218 691 0.07  0.3229 0.0038 49618 0.0763 0.1123 0.0010 1804.1 36.9 1812.8 24.6 18363 19.2 0.5 1.8 18363 19.2
G42 89 1209 043  0.0699 0.0008 0.5355 0.0084 0.0556 0.0006 43577 10.0 4354 114 4344 123 -0.1 0.3 4357 100
G43 15 290 1.07  0.0424 0.0006 0.3060 0.0085 0.0523 0.0013 267.8 7.2 271.1 133 2999 173 1.2 10.7 2678 12
G44 28 352 071 0.0704 0.0009 0.5412 0.0099 0.0559 0.0008 438.6 104 4392 131 4492 145 0.1 24 438.6 104
G45 27 334 076 0.0709 0.0009 0.5658 0.0105 0.0572 0.0008 4415 104 4553 134 5004 15.6 3.0 11.8 4415 104
G46 9 201 1.31  0.0351 0.0005 0.2481 0.0078 0.0518 0.0015 222.1 6.2 2250 128 2761 183 1.3 19.6 222.1 6.2
G47 51 160 056 02852 0.0035 4.3427 0.0935 0.1125 0.0013 1617.7 35.1 17015 28.0 1840.2 244 4.9 12.1 18402 24.4

G48 92 251 0.57 0.3265 0.0039 5.0711 0.0922 0.1126 0.0011 1821.5 379 18313 263 1842.1 214 0.5 1.1 1842.1 214



Table 4

Ratios Ages (Ma) % %
U concord. concord.

Gr. Pb  (ppm) Atomic (206/238 (206/238 Best Age

No. (ppm) Th/U | 206/238 +s.e. 207/235 *s.e. 207/206 xs.e. [206/238 +2s 207/235 +2s 207/206 =+2s |207/235) 207/206) (Ma)  *2s
G49 126 370 026  0.3278 0.0039 5.0573 0.0795 0.1125 0.0010 1827.6 374 1829.0 250 1840.8 19.8 0.1 0.7 1840.8  19.8
G50 43 594 044  0.0682 0.0008 0.5491 0.0105 0.0573 0.0008 4253 10.1 4444 135 5043 162 4.3 15.7 4253  10.1
G51 34 443 073 0.0672 0.0008 0.5102 0.0105 0.0547 0.0009 419.1 10.0 418.6 139 400.8 153 -0.1 -4.6 419.1 100
G52 78 191 0.93  0.3303 0.0040 4.9561 0.1003 0.1118 0.0012 1839.7 38.8 1811.9 27.6 18292 230  -1.5 -0.6 18292 230
G53 10 87 0.75  0.0975 0.0014 0.9181 0.0298 0.0671 0.0017 599.6 163 6613 27.5 8393 329 9.3 28.6 599.6 163
G54 161 352 025 04295 0.0051 8.5510 0.1444 0.1450 0.0013 23034 456 22914 269 22878 210  -0.5 -0.7 2287.8 210
G55 87 173 073 04230 0.0050 8.9755 0.1683 0.1501 0.0014 2274.2 457 23355 27.8 2347.1 22.1 2.6 3.1 2347.1  22.1
G56 55 142 082 03217 0.0039 48314 0.0941 0.1113 0.0012 1797.9 37.8 1790.4 27.1 18199 226  -04 1.2 1819.9 226
G57 21 59 0.65 03032 0.0039 4.3692 0.1234 0.1032 0.0015 1707.4 388 1706.5 324 1682.6 29.0 0.0 -1.5 1682.6  29.0
G58 47 1399 040  0.0325 0.0004 0.2337 0.0043 0.0520 0.0008 2064 50 2133 73 2832 118 32 27.1 2064 5.0

G359 16 46 0.71 02947 0.0041 4.8635 0.1704 0.1127 0.0020 16650 404 1796.0 372 1843.6 345 7.3 9.7 1843.6 345
G60 101 590 032 0.1672 0.0020 1.6286 0.0271 0.0704 0.0008 996.5 21.9 981.3 200 9412 177 -1.5 -5.9 9412 17.7
Gol 24 641 0.26  0.0378 0.0005 0.2924 0.0069 0.0563 0.0011 239.1 6.1 2604 110 4650 19.6 8.2 48.6 239.1 6.1

G62 32 375 086  0.0713 0.0009 0.5524 0.0111 0.0565 0.0009 4442  10.6 4465 143 4729 163 0.5 6.1 4442  10.6
G63 127 375 056  0.3036 0.0036 4.7007 0.0814 0.1127 0.0011 1709.2 35.6 1767.4 25.8 18434 214 33 7.3 1843.4 214
Go64 21 413 1.06  0.0401 0.0005 0.2675 0.0061 0.0484 0.0009 253.6 63 2407 100 1174 90 -5.4 -116.0 2536 6.3

Go65 47 134 054 03157 0.0038 4.6705 0.0959 0.1086 0.0012 1768.5 374 17620 27.8 1776.7 23.7 0.4 0.5 1776.7 237
G66 166 362 1.06  0.3630 0.0043 6.5222 0.1153 0.1307 0.0013 1996.5 40.7 20489 27.1 21075 22.1 2.6 5.3 21075 221
G67 6 88 0.76  0.0573 0.0008 0.4135 0.0144 0.0530 0.0016 3594 102 3514 200 3305 21.6 -23 -8.7 3594 10.2
G68 44 105 1.24  0.3138 0.0039 54832 0.1346 0.1251 0.0016 1759.2 38.6 1898.0 30.6 20302 27.0 7.3 13.3 20302 270
G69 297 709  0.10 04156 0.0049 9.0499 0.1396 0.1584 0.0014 2240.5 442 23431 270 24385 213 4.4 8.1 24385 213
G70 143 516 021 02764 0.0033 4.1846 0.0689 0.1095 0.0011 1573.0 329 1671.0 252 17904 213 5.9 12.1 17904 213
G71 3 9 0.82 03122 0.0061 4.5825 0.3215 0.1077 0.0037 1751.3 60.0 1746.1 663 17602 624  -0.3 0.5 1760.2  62.4
G72 13 34 0.66 03235 0.0045 4.4345 0.1614 0.1027 0.0019 1806.7 439 1718.8 389 1673.8 353 -5.1 -7.9 1673.8 353
G73 4 125 053 0.0273 0.0005 0.1811 0.0091 0.0501 0.0024 1733 63 1690 164 1973 21.8 -2.5 12.2 1733 63

G74 213 666 053 02895 0.0034 45916 0.0744 0.1155 0.0011 1639.2 340 1747.8 255 18883 214 6.2 13.2 1888.3 214
G75 22 350 1.18  0.0480 0.0006 0.3810 0.0099 0.0570 0.0013 3025 7.9 3278 143 490.8 21.7 7.7 384 3025 79

G76 248 446 1.65  0.3872 0.0046 8.0550 0.1378 0.1540 0.0015 2109.7 42.5 2237.2 27.7 23905 22.6 5.7 11.7 23905 226
G77 23 284 099  0.0671 0.0009 0.6149 0.0153 0.0657 0.0013 4188 10.6 4867 183 7959 267 13.9 474 418.8  10.6
G78 113 301 0.63 03337 0.0041 5.7620 0.1227 0.1225 0.0014 1856.1 392 1940.7 288 19935 24.7 4.4 6.9 1993.5 247
G79 122 348 035 0.3303 0.0039 49608 0.0919 0.1129 0.0012 1839.8 382 1812.7 273 1846.6 229  -1.5 0.4 1846.6 229
G80 175 359 093  0.3950 0.0047 82028 0.1411 0.1518 0.0015 2146.0 43.1 22537 279 23663 22.8 4.8 9.3 2366.3 228
G81 57 2018 052  0.0264 0.0003 0.1872 0.0034 0.0503 0.0007 167.9 40 1742 59 2066 10.1 3.6 18.7 1679 4.0

G82 11 221 1.17  0.0390 0.0006 0.2909 0.0099 0.0549 0.0017 2463 7.2 2592 157 409.8 253 5.0 39.9 2463 72
G83 4 66 212 0.0413 0.0007 0.2950 0.0144 0.0504 0.0023 260.9 9.0 2625 21.8 2121 21.8 0.6 -23.0 2609 9.0

G84 711 1444 006 04816 0.0056 11.5347 0.1733 0.1735 0.0016 2534.1 487 2567.4 279 2591.8 223 1.3 22 2591.8 223
G8 20 50 146  0.2892 0.0039 4.5106 0.1467 0.1045 0.0018 1637.4 387 17329 356 17047 33.0 5.5 3.9 17047  33.0
G86 5 124 1.06  0.0342 0.0005 0.2441 0.0087 0.0504 0.0017 2170 64 2218 140 213.0 172 2.2 -1.9 2170 64

G87 28 44 1.17 0.4713 0.0063 10.3851 0.3511 0.1644 0.0024 2489.2 54.9 2469.7 36.4 25015 314 -0.8 0.5 2501.5 3i.4
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G88 137 913 026  0.1485 0.00I18 1.4363 0.0237 0.0707 0.0008 892.6 19.6 9042 195 9496 184 13 6.0 892.6  19.6
G89 3 69 0.35 0.0431 0.0007 0.3068 0.0146 0.0500 0.0022 272.0 9.1 2717 21.8 1941 20.1 -0.1 -40.2 2720 9.1

G 22 331 036 0.0660 0.0008 0.5192 0.0110 0.0573 0.0010 412.0 99 4246 144 5039 178 3.0 18.2 4120 99

GI1 6 126 1.18  0.0374 0.0006 0.2639 0.0091 0.0504 0.0016 2364 6.8 2378 144 2121 16.6 0.6 -11.5 2364 6.8

G92 248 614 043 03665 0.0043 6.6381 0.1179 0.1333 0.0014 2013.1 40.9 2064.4 28.1 21422 237 2.5 6.0 21422 237
G93 34 107 0.63  0.2827 0.0036 4.4576 0.1162 0.1127 0.0016 1604.8 36.1 1723.1 31.9 1843.6 29.4 6.9 12.9 1843.6 294
G94 5 148 094  0.0271 0.0005 0.1935 0.0091 0.0527 0.0024 1722 60 179.6 16.1 3172 290 4.1 45.7 1722 6.0

G95 76 275 072 02371 0.0029 28324 0.0550 0.0867 0.0011 1371.8 29.7 13642 259 13534 23.1 0.6 -1.4 1353.4  23.1
G9% 35 1242 056  0.0257 0.0003 0.1766 0.0040 0.0495 0.0010 1637 41 1651 7.1  173.0 10.8 0.9 54 1637 4.1

G97 173 489 034  0.3325 0.0039 52130 0.0903 0.1130 0.0012 1850.3 37.9 18547 27.3 18482 232 0.2 0.1 18482 232
G98 101 265  0.73  0.3223 0.0039 49236 0.1022 0.1112 0.0014 1801.1 379 18063 29.0 1819.8 254 0.3 1.0 1819.8 254
G9%9 10 195 144 0.0366 0.0006 0.2654 0.0094 0.0536 0.0017 2320 6.8 2390 153 3543 239 2.9 34.5 2320 638

G100 28 399 037  0.0663 0.0008 0.5772 0.0122 0.0617 0.0010 4137 99 4627 151 6648 208 10.6 37.8 4137 99

G101 53 702 056  0.0694 0.0006 0.5326 0.0094 0.0558 0.0017 4326 66 4335 225 4460 269 0.2 3.0 4326 6.6

G102 24 561 0.27  0.0420 0.0008 0.3207 0.0122 0.0547 0.0010 2653 10.1 2824 13.2 400.8 17.0 6.1 33.8 2653  10.1
G103 344 574 1.01 04656 0.0008 10.3107 0.0096 0.1621 0.0008 24644 7.3 2463.1 93 24777 134  -0.1 0.5 24777 134
G104 53 178 1.33  0.2212 0.0005 2.6080 0.0071 0.0870 0.0010 1288.0 5.6 13029 17.5 13609 22.1 1.1 5.4 1360.9  22.1
G105 18 632 040  0.0268 0.0055 0.1840 0.1786 0.0499 0.0018 1706 68.7 171.5 654 1830 16.7 0.5 9.2 170.6  68.7
G106 44 83 0.73  0.4477 0.0027 9.6369 0.0583 0.1597 0.0013 2385.1 243 2400.7 183 24529 19.1 0.6 2.8 24529 19.1
G107 83 148 0.63 04710 0.0004 10.4066 0.0045 0.1632 0.0011 2487.9 3.1 2471.6 12.1 2488.6 16.7 -0.7 0.0 2488.6  16.7
G108 10 142 149 0.0539 0.0057 04366 0.2692 0.0588 0.0022 3385 692 367.8 68.6 5582 36.1 8.0 394 3385  69.2
G109 70 1238 048  0.0524 0.0056 0.4182 0.2100 0.0575 0.0019 329.1 69.0 3547 670 5115 309 7.2 35.7 329.1  69.0
G110 32 176 1.27  0.1366 0.0008 1.2595 0.0153 0.0669 0.0019 8252 87 8277 319 8350 36.1 0.3 1.2 8252 8.7

GI11 29 101 440  0.1270 0.0006 1.1444 0.0077 0.0669 0.0008 770.7 7.2 7746 145 8334 18.6 0.5 7.5 7107 12

G112 347 1085 0.15 03186 0.0017 4.8972 0.0348 0.1109 0.0015 1782.8 169 1801.8 24.6 1813.6 27.5 1.1 1.7 1813.6 275
G113 39 95 098 03252 0.0031 4.9755 0.1752 0.1109 0.0031 18149 299 18152 505 1813.7 52.5 0.0 0.1 1813.7 525
G114 163 400 1.23  0.3088 0.0037 4.6821 0.0810 0.1112 0.0012 1734.8 36.7 1764.1 27.6 18193 23.5 1.7 4.6 1819.3 235
G115 70 633 1.26  0.0834 0.0037 0.6718 0.0859 0.0580 0.0013 5164 436 521.8 402 5279 23.6 1.0 2.2 5164  43.6
Gll6 117 355 043 03043 0.0014 47421 0.0249 0.1143 0.0011 1712.7 13.9 17747 17.7 1868.6 20.8 35 8.3 1868.6  20.8
G117 157 1058  0.33  0.1447 0.0010 13816 0.0122 0.0699 0.0008 8710 11.3 881.1 157 9242 184 1.1 5.8 871.0 113
G118 56 814 038  0.0665 0.0036 0.5047 0.0885 0.0550 0.0014 4150 438 4149 409 4126 218 0.0 -0.6 415.0 4338
G119 58 156 0.69 03193 0.0008 4.7309 0.0091 0.1099 0.0008 1786.2 7.7 177277 124 1797.6 16.3 -0.8 0.6 1797.6 163
G120 326 783  0.61 03645 0.0027 7.1833 0.0538 0.1412 0.0012 2003.5 25.1 21344 19.8 22422 199 6.1 10.6 22422 199
G121 164 960 1.20  0.1318 0.0039 1.2032 0.1100 0.0664 0.0015 797.8 448 802.0 419 820.0 30.6 0.5 2.7 797.8 448
G122 15 169 085 0.0743 0.0043 0.5949 0.1268 0.0566 0.0017 4618 51.6 4740 484 4752 269 2.6 2.8 461.8  51.6
G123 25 416 057  0.0550 0.0016 0.4102 0.0216 0.0541 0.0009 3454 19.1 3490 193 3769 148 1.0 8.4 3454 191
G124 42 1039 047 0.0377 0.0010 0.3022 0.0177 0.0579 0.0014 2384 125 2681 170 5260 245 11.1 54.7 2384 125
G125 67 115 078  0.4690 0.0007 10.1266 0.0100 0.1617 0.0011 24792 62 24464 129 2473.1 173 -1.3 -0.2 2473.1  17.3

G126 11 40 1.35 0.2103 0.0005 2.3135 0.0064 0.0816 0.0010 12303 5.0 12164 18.1 12355 225 -1.1 0.4 12355 225
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GI27 30 1077 034 0.0273 0.0030 0.1864 0.0870 0.0495 0.0020 1735 382 173.6 377 1721 171 0.0 0.8 173.5 382
G128 29 75 0.83 03228 0.0008 4.7380 0.0218 0.1108 0.0019 1803.5 8.1 17740 299 18127 342  -1.7 0.5 18127 342
G129 42 118 081 02955 0.0040 4.3169 0.1190 0.1037 0.0017 1669.1 402 1696.6 346 1692.1 31.0 1.6 1.4 1692.1 310
G130 8 137 121 0.0436 0.0028 0.2998 0.0888 0.0519 0.0019 2752 348 2663 357 2823 222  -33 2.5 2752 3438
G131 406 700 056  0.4953 0.0007 12.0336 0.0115 0.1758 0.0018 2593.5 59 2607.0 194 26134 239 0.5 0.8 2613.4 239
G132 95 336 036 02677 0.0022 3.9575 0.0499 0.1043 0.0014 15290 22.6 16255 253 17022 26.7 5.9 10.2 17022 26.7
G133 228 337 1.60  0.4666 0.0058 10.3557 0.2067 0.1620 0.0021 2468.7 51.1 2467.1 33.6 24767 290  -0.1 0.3 2476.7  29.0
12061807 River Mouth

Gl 27 341 0.27  0.0793 0.0010 0.7433 0.0117 0.0659 0.0007 491.8 11.3 5643 133 803.2 11.1 12.9 38.8 491.8 113
G2 25 581 0.58  0.0399 0.0005 0.2844 0.0044 0.0519 0.0006 2522 6.0 2541 73 2828 7.7 0.8 10.8 2522 6.0
G3 36 152 093  0.1923 0.0023 22006 0.0368 0.0809 0.0008 11340 249 11812 21.0 12193 155 4.0 7.0 12193 155
G4 8 210 042  0.0361 0.0005 02939 0.0079 0.0570 0.0013 2284 6.1  261.6 12.1 4904 205 12.7 534 2284 6.1
G5 16 370 033 0.0415 0.0005 0.3473 0.0066 0.0586 0.0009 2622 64 3027 9.8 5538 149 134 52.6 2622 64
Go6 39 252 077  0.1325 0.0016 1.2368 0.0209 0.0673 0.0007 8023 18.1 8174 17.8 8474 143 1.8 5.3 802.3  18.1
G7 36 979 024 00374 0.0005 02735 0.0043 0.0530 0.0006 2368 56 2455 7.0 3275 84 3.6 27.7 2368 5.6
G8 38 504 0.63  0.0677 0.0008 0.5400 0.0087 0.0574 0.0006 4220 98 4384 114 507.7 110 37 16.9 4220 98
G9 55 510 056 0.0987 0.0012 0.9467 0.0142 0.0695 0.0006 6068 13.7 6764 147 912.1 133 10.3 335 606.8  13.7
GI1I0 15 354 037  0.0414 0.0005 0.3004 0.0058 0.0522 0.0008 2613 63 2667 92 2951 102 2.1 11.5 2613 63
Gl 12 300 0.44  0.0380 0.0005 0.2789 0.0058 0.0519 0.0009 240.7 6.0 2498 93 2814 108 3.7 14.5 2407 6.0
G2 22 200 042  0.1063 0.0013 1.0576 0.0221 0.0692 0.0010 6509 155 7326 195 9059 19.7 11.2 28.1 6509 155
G13 22 78 0.64 02429 0.0030 3.0321 0.0663 0.0877 0.0011 1401.7 312 14157 26.1 13748 20.4 1.0 -2.0 13748 204
G4 13 295 050  0.0402 0.0005 0.3049 0.0066 0.0532 0.0010 2538 63 2702 10.1 3356 12.6 6.1 24.4 2538 6.3
G5 12 311 0.21  0.0397 0.0005 0.3145 0.0062 0.0562 0.0009 251.2 62 2776 9.6 4603 13.9 9.5 45.4 2512 62
Gl6 26 343 028  0.0716 0.0009 0.6498 0.0116 0.0642 0.0008 4460 105 5083 137 7479 156 12.3 40.4 446.0  10.5
G17 49 305 074  0.1380 0.0016 1.2683 0.0193 0.0658 0.0006 833.6 185 831.6 166 7994 12.1 0.2 -4.3 833.6 185
G18 11 125 070  0.0767 0.0010 0.6655 0.0137 0.0627 0.0010 4763 11.5 5180 160 6988 17.8 8.1 31.8 476.3 115
G19 51 122 045 03799 0.0045 6.7401 0.1110 0.1294 0.0010 2075.8 42.0 20779 250 2089.8 159 0.1 0.7 2089.8 159
G20 253 515 072 04118 0.0048 7.9111 0.1031 0.1382 0.0009 2223.1 43.7 22209 238 22051 136  -0.1 0.8 2205.1 13.6
G21 131 535 034 02343 0.0027 27977 0.0372 0.0854 0.0006 1357.2 285 13549 200 13255 122  -0.2 -2.4 13255 122
G22 34 740 035  0.0451 0.0005 0.3382 0.0050 0.0542 0.0005 2846 65 2958 7.8 3785 84 3.8 24.8 2846 6.5
G23 98 178 056 04730 0.0056 11.1118 0.1786 0.1655 0.0012 2496.8 48.8 25325 25.6 2513.0 155 1.4 0.6 2513.0 155
G24 30 238 084  0.1071 0.0013 09326 0.0170 0.0621 0.0008 6559 15.1 669.0 167 6782 145 2.0 33 6559 15.1
G25 168 350  0.61 04106 0.0048 7.8631 0.1092 0.1362 0.0009 2217.7 43.8 22155 24.1 21789 142  -0.1 -1.8 21789 142
G26 26 639 026  0.0401 0.0005 0.3116 0.0052 0.0566 0.0007 2533 60 2754 82 4760 115 8.0 46.8 2533 6.0
G27 28 329  0.89  0.0718 0.0009 0.6321 0.0114 0.0622 0.0008 446.7 106 4974 137 6824 15.1 10.2 34.5 446.7  10.6
G28 14 215 036 0.0627 0.0008 0.4863 0.0104 0.0559 0.0009 3920 9.6 4024 138 4488 144 2.6 12.7 3920 9.6
G29 16 429 024  0.0382 0.0005 0.2943 0.0057 0.0556 0.0009 2415 60 2620 92 4344 133 7.8 444 2415 6.0

G30 20 492 0.22 0.0414 0.0005 0.2927 0.0050 0.0507 0.0006 261.2 6.2 2607 79 22777 14 —6.2 -14.7 261.2 6.2
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G31 43 483 038 0.0868 0.0010 0.7953 0.0127 0.0656 0.0007 536.4 123 5942 142 7946 138 9.7 325 5364 123
G32 36 334 040  0.1028 0.0013 0.9584 0.0168 0.0673 0.0008 6309 146 6825 167 8474 157 7.6 25.6 6309 14.6
G33 159 798 045  0.1857 0.0022 2.0667 0.0288 0.0799 0.0006 1098.3 23.7 1137.8 189 11940 12.7 35 8.0 11940 127
G34 104 821 035 0.1212 0.0014 1.1835 0.0168 0.0705 0.0006 737.4 163 7930 156 9418 123 7.0 21.7 7374 163
G35 55 309 0.63  0.1584 0.0019 1.5798 0.0245 0.0712 0.0006 948.0 209 9623 184 961.7 135 L5 1.4 9617 135
G36 13 325 023 0.0415 0.0005 0.3511 0.0061 0.0617 0.0008 2622 63 3056 9.5 6637 150 142 60.5 2622 6.3
G37 102 632 037  0.1557 0.0018 1.5137 0.0211 0.0710 0.0006 932.6 203 9359 17.2 9565 120 0.4 2.5 956.5 12.0
G38 83 137 095 04761 0.0056 10.8531 0.1762 0.1642 0.0012 25104 49.1 25106 257 2499.7 15.7 0.0 0.4 2499.7 157
G39 29 379 045  0.0689 0.0008 0.6199 0.0103 0.0637 0.0007 4293 100 4898 12,6 731.7 14.1 12.3 41.3 4293 100
G40 19 450  0.53  0.0392 0.0005 0.2889 0.0047 0.0531 0.0006 2477 58 2577 7.6 3309 9.1 3.9 252 2477 5.8
G41 58 287 1.04  0.1621 0.0019 1.6191 0.0246 0.0716 0.0006 968.5 213 977.6 184 9737 134 0.9 0.5 97377 134
G42 23 485 071  0.0416 0.0005 0.3012 0.0055 0.0512 0.0007 2625 63 2673 86 2512 8.6 1.8 -4.5 2625 63
G43 111 701 0.09  0.1664 0.0019 1.6636 0.0220 0.0719 0.0005 992.1  21.4 9947 172 9842 1l1.1 0.3 0.8 9842  11.1
G44 69 362 048  0.1768 0.0021 1.8127 0.0274 0.0746 0.0006 1049.7 229 1050.1 19.1 1056.4 13.6 0.0 0.6 1056.4  13.6
G45 192 1096 022 0.1755 0.0020 1.8680 0.0244 0.0768 0.0005 1042.6 224 1069.8 17.8 11150 11.7 2.5 6.5 1115.0 11.7
G46 14 478 028  0.0289 0.0004 0.2164 0.0045 0.0538 0.0009 1835 45 1989 76 3610 128 7.8 49.2 1835 45
G47 118 1072 1.38  0.0807 0.0009 0.6474 0.0088 0.0579 0.0005 5000 11.2 5069 112 527.1 89 1.4 5.1 5000  11.2
G48 86 462 0.08  0.1958 0.0023 23063 0.0348 0.0836 0.0007 1152.6 249 12142 20.3 12823 144 5.1 10.1 12823 144
G49 79 520 040  0.1446 0.0017 1.4490 0.0224 0.0729 0.0007 870.7 194 909.5 18.0 10109 140 4.3 13.9 870.7 194
G50 33 744 036  0.0437 0.0005 0.3039 0.0046 0.0509 0.0005 2757 6.4 2694 7.5 2359 6.7 -2.3 -16.9 2757 64
G51 13 338 024 0.0396 0.0005 0.3036 0.0063 0.0561 0.0010 250.5 62 2692 10.1 4543 148 7.0 44.9 2505 62
G52 15 367 043 0.0395 0.0005 0.2905 0.0060 0.0525 0.0009 250.0 62 2589 95 3085 11.3 34 19.0 2500 6.2
G53 210 728  0.24 02849 0.0033 4.4170 0.0578 0.1123 0.0008 1616.1 333 17155 222 1837.6 13.7 5.8 12.1 1837.6  13.7
G54 90 346 0.62  0.2319 0.0027 3.1385 0.0469 0.0960 0.0008 1344.2 28.6 14422 21.7 1548.6 149 6.8 13.2 15486 149
G55 55 489 029  0.1113 0.0013 1.0117 0.0143 0.0653 0.0005 680.0 152 709.7 14.6 7827 114 4.2 13.1 680.0  15.2
G56 82 208 073 03325 0.0039 52158 0.0786 0.1128 0.0009 1850.6 37.8 18552 238 18450 152 0.2 0.3 18450 152
G57 15 267 1.47  0.0401 0.0005 0.2999 0.0060 0.0535 0.0009 253.6 62 2663 94 3509 119 4.8 27.7 2536 62
G58 169 762  0.79  0.18386 0.0022 2.0015 0.0272 0.0769 0.0006 1113.8 239 1116.0 18.7 1118.6 124 0.2 0.4 1118.6  12.4
G59 99 248 0.19 03873 0.0046 7.1539 0.1114 0.1345 0.0010 2110.1 425 2130.8 250 21569 159 1.0 2.2 21569 159
G60 113 801 0.16  0.1444 0.0017 14711 0.0212 0.0742 0.0006 869.6 192 918.6 174 10456 13.1 5.3 16.8 869.6  19.2
G6l 108 1566  0.17  0.0713 0.0008 0.5550 0.0077 0.0569 0.0005 4437 10.1 4482 10.6 4838 8.9 1.0 9.2 4437  10.1
G62 18 413 045  0.0405 0.0005 0.2956 0.0061 0.0520 0.0009 2562 63 2629 9.6 2832 10.6 2.6 9.5 2562 6.3
G63 56 325 032 0.1666 0.0020 1.7057 0.0263 0.0731 0.0007 9935 21.8 1010.7 18.9 1016.7 14.0 1.7 2.3 1016.7 140
G4 19 500 032 0.0383 0.0005 0.2818 0.0058 0.0523 0.0009 2424 60 2521 92 2990 11.1 3.8 18.9 2424 60
G65 138 484 027  0.2793 0.0033 4.0706 0.0550 0.1054 0.0008 1587.8 329 16484 223 1721.8 142 3.7 7.8 17218 142
G66 19 323 037  0.0566 0.0007 0.4194 0.0081 0.0542 0.0008 3548 85 3556 11.6 3777 117 0.2 6.1 354.8 8.5
G67 11 239 035  0.0439 0.0005 03172 0.0062 0.0525 0.0008 277.0 6.7 2798 9.7 308.1 10.6 1.0 10.1 2710 6.7
G68 22 106 136 0.1518 0.0019 1.5235 0.0317 0.0725 0.0010 911.0 212 9399 225 1001.1 19.6 3.1 9.0 1001.1  19.6

G69 14 358 0.29 0.0396 0.0005 0.2874 0.0055 0.0520 0.0008 250.2 6.1 2565 8.8 285.8 9.9 2:5 12.5 250.2 6.1



Table 4

Ratios Ages (Ma) % %
U concord. concord.

Gr. Pb  (ppm) Atomic (206/238 (206/238 Best Age

No. (ppm) Th/U | 206/238 +s.e. 207/235 xs.e. 207/206 xs.e. [206/238 +2s 207/235 +2s 207/206 +2s |207/235) 207/206) (Ma)  *2s
G70 130 357 027 0.3474 0.0041 5.6408 0.0796 0.1165 0.0009 1922.0 389 19224 238 19024 149 0.0 -1.0 1902.4 149
G71 95 609  0.11  0.1621 0.0019 15374 0.0216 0.0695 0.0006 968.7 21.1 9455 17.6 912.1 121 -2.5 -6.2 912.1 121
G72 76 476 0.83  0.1349 0.0016 12444 0.0182 0.0667 0.0006 815.6 18.1 8209 16,5 8269 122 0.6 1.4 815.6  18.1
G73 29 736 0.16  0.0403 0.0005 0.2896 0.0044 0.0519 0.0006 2544 59 2583 72 2819 7.6 L5 9.7 2544 59

G74 16 397 052 0.0377 0.0005 0.2865 0.0061 0.0545 0.0010 2386 60 2558 9.7 3922 138 6.7 39.2 238.6 6.0

G75 20 481 0.42  0.0394 0.0005 0.3152 0.0055 0.0574 0.0008 2489 6.0 2782 87 5066 129 105 50.9 2489 6.0

G76 239 484 049 04406 0.0052 10.2452 0.1468 0.1672 0.0012 2353.1 462 24572 254 25298 15.7 4.2 7.0 2529.8 157
G77 26 561 0.81  0.0391 0.0005 0.3143 0.0053 0.0576 0.0007 2473 58 2775 84 5127 126 10.9 51.8 2473 5.8

G78 12 278 043  0.0426 0.0005 0.3330 0.0065 0.0562 0.0009 2689 6.6 2919 100 461.1 13.8 7.9 41.7 2689 6.6
G79 16 360 052 0.0402 0.0005 0.3143 0.0061 0.0560 0.0009 2538 62 2775 95 4528 13.6 8.5 43.9 2538 62
G80 43 543 053 0.0727 0.0009 0.5674 0.0087 0.0563 0.0006 4522 103 4563 114 4658 9.9 0.9 2.9 4522 103
G81 204 3415 1.80 0.0412 0.0005 0.3177 0.0043 0.0559 0.0005 260.1 59 2801 69 4496 82 7.2 422 260.1 5.9

G82 22 527 027  0.0415 0.0005 0.3032 0.0054 0.0516 0.0007 2623 63 2689 85 2695 88 24 2.7 2623 63

G83 17 409 028  0.0419 0.0005 0.3356 0.0067 0.0573 0.0009 2647 6.6 2939 103 503.1 150 9.9 47.4 2647 6.6
G84 28 664  0.18  0.0433 0.0005 0.3420 0.0058 0.0574 0.0007 2732 6.5 2987 9.1 5054 125 8.5 45.9 2732 6.5

G85 85 435 0.17  0.1987 0.0023 2.1605 0.0302 0.0791 0.0006 11684 25.1 1168.4 19.7 11751 134 0.0 0.6 1175.1 134
G86 34 434 0.81  0.0678 0.0008 0.5533 0.0100 0.0597 0.0008 4227 10.0 4472 13.1 5927 142 5.5 28.7 4227 100
G87 16 381 0.28  0.0398 0.0005 0.2865 0.0059 0.0527 0.0009 251.8 62 2558 9.6 3155 115 1.6 20.2 2518 62

G88 88 642 0.11  0.1423 0.0005 1.4041 0.0059 0.0723 0.0009 8574 56 890.6 152 9944 180 37 13.8 8574 5.6

G89 47 416  0.12  0.1178 0.0035 1.0971 0.0941 0.0661 0.0012 7179 40.0 7519 365 8083 22.8 4.5 11.2 7179  40.0
GoO 49 1100 0.76  0.0385 0.0017 02931 0.0209 0.0549 0.0007 2437 209 2610 20.7 4073 103 6.6 40.2 2437 209
Go91 174 243 0.14  0.6420 0.0005 22.5163 0.0046 0.2536 0.0006 3197.0 3.6 32063 50 32073 7.1 0.3 0.3 3207.3 7.1

G92 126 857  0.09  0.1542 0.0030 1.4932 0.0811 0.0709 0.0013 9242 332 927.6 320 9534 243 0.4 3.1 9534 243
G93 26 497 021  0.0539 0.0007 0.4097 0.0337 0.0555 0.0034 338.5 82 3486 37.1 4328 455 2.9 21.8 338.5 8.2

G9%4 30 180 097  0.1350 0.0018 1.4083 0.0211 0.0736 0.0006 8164  20.6 8925 183 1031.3 12.7 8.5 20.8 816.4  20.6
G5 75 238 0.63 02758 0.0007 3.6922 0.0071 0.0984 0.0007 1570.3 6.6 1569.7 122 1593.1 14.0 0.0 1.4 1593.1 140
Go% 22 133 047  0.1535 0.0016 1.5877 0.0250 0.0747 0.0008 920.7 183 9654 193 1061.2 172 4.6 13.2 10612 17.2
G97 357 627  0.67 04756 0.0033 11.0497 0.0546 0.1653 0.0008 2508.2 284 25273 15.6 25102 11.5 0.8 0.1 25102 11.5
G98 142 878 024  0.1625 0.0019 1.6113 0.0319 0.0730 0.0010 970.7 21.1 9746 223 10151 194 0.4 4.4 1015.1 194
GY 17 226 057  0.0693 0.0056 0.5732 0.1499 0.0601 0.0012 431.8 669 460.1 612 6075 21.1 6.1 28.9 431.8  66.9
G100 17 389 038  0.0429 0.0009 0.3526 0.0112 0.0593 0.0009 270.6 10.6 3067 132 5778 15.6 11.8 532 270.6  10.6
G101 105 279 037 03520 0.0034 6.4326 0.0845 0.1333 0.0012 19442 328 2036.7 233 21415 183 4.5 9.2 21415 183
G102 46 519 016  0.0926 0.0006 09261 0.0074 0.0714 0.0009 570.7 6.5 6656 139 969.7 18.6 14.3 41.1 5707 6.5

G103 76 1764 045  0.0409 0.0041 0.3041 0.0957 0.0541 0.0011 2582 513 269.6 490 373.1 150 4.2 30.8 2582 513
G104 157 443 034  0.3337 0.0011 52176 0.0150 0.1129 0.0008 18564 10.7 18555 129 18469 140  -0.1 0.5 1846.9 140
G105 36 764 091  0.0390 0.0005 0.2960 0.0043 0.0547 0.0005 2463 60 2632 7.0 3983 83 6.4 38.2 2463 6.0

G106 14 165 074  0.0730 0.0039 0.6171 0.0741 0.0618 0.0009 4543 47.1 4880 434 6686 16.8 6.9 320 4543 471
G107 15 357 038  0.0421 0.0009 0.3270 0.0139 0.0565 0.0011 266.0 11.6 2872 147 4725 168 7.4 43.7 2660 11.6

G108 71 348 0.65 0.1806 0.0020 1.9957 0.0478 0.0801 0.0012 10703 21.8 11140 252 11992 234 3.9 10.7 1199.2 234



Table 4

Ratios Ages (Ma) % %

U concord. concord.
Gr. Pb  (ppm) Atomic (206/238 (206/238 Best Age
No. (ppm) Th/U | 206/238 +s.e. 207/235 *s.e. 207/206 xs.e. [206/238 +2s 207/235 +2s 207/206 =+2s |207/235) 207/206) (Ma)  *2s
GI09 313 619 034 04595 0.0005 9.9962 0.0069 0.1593 0.0010 24375 4.8 24344 11.6 24479 137  -0.1 0.4 24479 13.7
G110 307 768 050  0.3607 0.0022 6.3038 0.0320 0.1287 0.0008 1985.7 204 20190 150 2079.6 132 1.6 4.5 2079.6 132
Gl11 176 478 097  0.2987 0.0054 42748 0.1399 0.1054 0.0013 1685.0 534 1688.5 357 1720.8 222 0.2 2.1 17208 222
12061712 Rao Tro
Gl 385 8635 0.77 0.0392 0.0005 0.2899 0.0061 0.0538 0.0010 247.6 6.0 2585 104 3623 15.1 4.2 31.7 2476  5.96
G2 155 4182 022  0.0378 0.0006 0.2714 0.0115 0.0538 0.0021 239.1 6.8 2438 185 361.8 272 1.9 339 239.1  6.83
G3 18.6 4858 0.24  0.0387 0.0005 0.2688 0.0082 0.0508 0.0014 2448 63 2417 134 2313 150 -13 -5.8 2448  6.33
G4 136 3291 031  0.0410 0.0005 0.2848 0.0086 0.0514 0.0014 2592 6.6 2544 139 2579 159 -1.9 0.5 2592 6.56
G5 125 3064 036  0.0395 0.0005 0.2702 0.0098 0.0504 0.0017 2494 6.7 2429 157 213.0 16.1 -2.7 -17.1 2494 6.70
G6 162 3739 033  0.0430 0.0006 02971 0.0098 0.0511 0.0015 2712 7.0 2642 155 2449 165 -2.6 -10.7 2712 7.05
G7 153 3866 023  0.0402 0.0005 0.2838 0.0078 0.0521 0.0013 2543 64 2536 128 2894 160  -0.2 12.1 2543  6.44
G8 657 3285 0.66 0.1781 0.0022 1.7612 0.0446 0.0743 0.0014 1056.5 243 10313 29.0 10504 274  -24 -0.6 1050.4  27.35
G9 11.3 2672 031  0.0415 0.0006 0.3098 0.0098 0.0545 0.0016 2622 6.8 2740 152 3922 220 4.3 33.1 2622 681
GI10 123 3285 028  0.0374 0.0005 0.2407 0.0095 0.0508 0.0019 2365 6.6 2190 165 2331 186  -8.0 -1.5 2365  6.59
GIl 516 5533 1.14  0.0731 0.0009 0.5732 0.0116 0.0568 0.0010 4545 10.7 460.1 15.6 483.8 16.7 1.2 6.1 4545  10.69
GI12 249 6595 0.19 0.039 0.0005 02732 0.0082 0.0514 0.0014 2463 63 2452 133 2593 159  -05 5.0 2463  6.33
GI13 294 4959 061  0.0535 0.0007 0.3845 0.0087 0.0533 0.0011 3357 81 3303 135 3403 150 -1.6 1.3 3357  8.08
Gl4 151 3550 031  0.0421 0.0005 0.2934 0.0084 0.0516 0.0013 2660 6.7 2612 136 2668 156  -1.8 0.3 2660  6.68
GI5 92 2122 047  0.0411 0.0006 02767 0.0143 0.0497 0.0024 2593 79 2480 223 1815 192  -46 -42.9 2593 793
Gl6 1280 763.1 056  0.1523 0.0018 1.5033 0.0266 0.0714 0.0010 9140 20.5 931.7 227 9689 212 1.9 5.7 968.9 2124
G17 227 5982 034  0.0372 0.0005 02786 0.0079 0.0539 0.0014 2353 6.0 249.6 128 367.7 194 5.7 36.0 2353 597
G18 142 3348 032  0.0419 0.0005 0.2971 0.0084 0.0528 0.0014 2644 6.7 2641 1377 3185 175 -0.1 17.0 2644  6.68
G19 1693 1238.1 0.14  0.1412 0.0017 1.3738 0.0227 0.0712 0.0010 851.6 19.1 877.8 214 9629 203 3.0 11.6 851.6  19.09
G20 19.0 4428 023  0.0435 0.0006 0.3030 0.0110 0.0521 0.0017 2744 74 2687 172 2876 199  -21 4.6 2744 741
G21 1455.1 25873 026  0.5117 0.0061 12.8844 0.1871 0.1793 0.0022 2663.7 51.9 26712 31.8 26464 26.0 0.3 0.7 2646.4  25.95
G22 135 2925 027  0.0466 0.0006 0.3773 0.0131 0.0599 0.0019 2935 79 3251 19.1 599.6 314 9.7 51.1 2935  7.88
G23 137 2893 033  0.0466 0.0006 0.3436 0.0117 0.0544 0.0017 2936 7.8 2999 17.6 3864 230 2.1 24.0 2936  7.76
G24 496 783 004  0.6043 0.0076 19.9798 0.6606 0.2411 0.0034 3047.0 61.3 30904 369 31274 310 1.4 2.6 31274 31.04
G25 163 389.1 032  0.0417 0.0005 02983 0.0081 0.0534 0.0013 2634 6.7 2650 132 3463 17.8 0.6 239 2634  6.68
G26 754 1137 073 05371 0.0069 14.5178 0.5419 0.1975 0.0031 2771.3 582 27842 38.8 2805.7 33.5 0.5 1.2 2805.7 33.45
G27 2424 5830 041 03869 0.0047 8.2790 0.1537 0.1585 0.0020 21082 434 22620 320 24395 272 6.8 13.6 24395 27.17
G28 234 5470 038 0.0416 0.0005 0.3544 0.0100 0.0620 0.0016 2627 6.7 3080 152 675.1 284 14.7 61.1 2627  6.68
G29 109 2590 026  0.0424 0.0006 0.3302 0.0122 0.0577 0.0019 267.7 7.3 289.7 185 519.1 304 7.6 48.4 2677 7.30
G30 657 6487 0.80  0.0851 0.0011 0.7797 0.0172 0.0663 0.0012 5262 12.6 5853 19.6 8143 239 10. 354 5262 12.60
G31 1.7 2792 034  0.0412 0.0005 0.2977 0.0087 0.0546 0.0014 2600 6.7 2646 141 3959 207 1.8 34.3 2600  6.69
G32 128 3083 0.38  0.0404 0.0005 0.2821 0.0080 0.0528 0.0014 255.1 64 2523 133 3211 176 -1l 20.6 255.1  6.44
G33 129 3259 029 0.0396 0.0005 0.2829 0.0084 0.0529 0.0014 250.1 64 2529 137 3224 183 1.1 224 250.1  6.45
G34 133 3127 047  0.0401 0.0005 0.28385 0.0083 0.0538 0.0014 2537 64 2573 13.6 3610 193 1.4 29.7 25377 6.45
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G35 176 4447 035 0.0387 0.0005 02710 0.0098 0.0517 0.0017 2449 6.6 2435 158 2717 193  -0.6 9.9 2449 6.58

G36 143 3373 028  0.0426 0.0006 0.2968 0.0084 0.0524 0.0014 2692 6.8 2639 138 3020 169 -2.0 10.9 2692 6.80

G37 2479 6689 049 03360 0.0041 53614 0.0942 0.1159 0.0015 1867.3 39.2 1878.7 30.5 1893.1 259 0.6 1.4 1893.1 25.91
G38 141 3196 031  0.0438 0.0006 0.3455 0.0128 0.0587 0.0020 2765 7.7 3013 192 557.1 319 8.2 50.4 276.5  7.66

G39 149 3329 064 0.0406 0.0005 0.2835 0.0085 0.0524 0.0014 2566 6.6 2534 139 3046 17.8 -1.3 15.8 256.6  6.57

G40 162 398.6 024  0.0414 0.0006 0.3094 0.0100 0.0567 0.0017 2613 69 2737 16.1 481l.1 26.0 4.5 45.7 2613 693

G41 283 6266 031 00452 0.0006 0.3148 0.0094 0.0512 0.0014 2847 73 2779 148 2512 155 -2.4 -13.3 2847  7.28

G42 182 4415 021  0.0423 0.0005 0.2842 0.0076 0.0502 0.0012 2669 6.7 2540 125 203.8 123 -5.1 -31.0 2669  6.68

G43 142 3411 029  0.0416 0.0006 0.2829 0.0085 0.0514 0.0014 2625 6.8 2529 140 2606 159  -38 0.7 2625  6.81

G44 257 6683 059  0.0351 0.0005 02496 0.0071 0.0524 0.0014 222.1 57 2262 119 3007 169 1.8 26.2 2221 5.73

G45 156 3474 058  0.0413 0.0006 0.3013 0.0109 0.0539 0.0018 261.1 7.1 2674 171 368.1 238 2.3 29.1 261.1  7.06

G46 164 4100 021  0.0410 0.0005 0.2911 0.0076 0.0527 0.0012 2588 6.6 2594 125 3163 162 0.2 18.2 2588  6.56

G47 106 2438 045 0.0413 0.0006 02872 0.0097 0.0518 0.0016 2609 69 2563 15.6 2744 183 -1.8 4.9 2609 693

G48 1167 12349 0.07  0.1006 0.0012 0.9261 0.0181 0.0665 0.0011 618.1 145 6656 199 8228 21.7 7.1 24.9 618.1 14.53
G49 120 326.6 025 0.0372 0.0005 0.2559 0.0108 0.0520 0.0020 2357 6.7 2314 17.7 2832 226  -1.9 16.8 2357 6.1

G50 125 283.0 027  0.0443 0.0006 0.3312 0.0133 0.0544 0.0020 279.1 7.9 2905 19.8 3885 269 3.9 28.1 279.1  7.90

G51 41.6 341.1 033  0.1194 0.0015 1.0701 0.0262 0.0680 0.0013 727.0 174 7388 247 8679 259 1.6 16.2 7270 17.39
G52 4830 790.2 0.69 05184 0.0063 14.0648 0.2253 0.1951 0.0025 2692.6 53.2 27541 332 27858 275 2.2 33 27858 27.55
G53 13.0 3108 0.10 0.0446 0.0006 0.3767 0.0108 0.0640 0.0016 2814 73 3246 165 7423 304 133 62.1 2814  7.28

G54 392 2533 095 0.1285 0.0017 12317 0.0384 0.0709 0.0017 7794 193 8151 30.5 9548 325 4.4 18.4 77194 1931
G55 145 271.6 034  0.0531 0.0007 0.4181 0.0130 0.0581 0.0016 3336 87 3547 185 5316 261 5.9 37.3 3336  8.69

G56 205 2325 088 0.0746 0.0010 0.5514 0.0158 0.0574 0.0014 4638 11.6 4459 20.8 5050 22.8 -4.0 8.2 463.8 11.64
G57 250 385 149 04622 0.0067 10.1142 0.5421 0.1675 0.0037 24494 587 24453 485 25330 440 0.2 33 2533.0 43.99
G58 18.6 4327 056  0.0396 0.0005 02799 0.0074 0.0524 0.0013 2504 63  250.6 123 300.7 159 0.1 16.7 2504  6.32

G59 1047 5729 065  0.1623 0.0020 1.5780 0.0294 0.0712 0.0011 969.7 22.1 961.6 241 9620 219  -0.8 0.8 962.0 21.92
G60 125 3032 028  0.0414 0.0006 0.2817 0.0086 0.0521 0.0015 2614 68 2520 144 2902 174  -37 9.9 2614 681

G61 2135 14762 005  0.1533 0.0019 1.4744 0.0239 0.0692 0.0009 9195 20.8 9199 220 9032 19.7 0.0 -1.8 9032  19.66
G62 202 5098 029 0.039 0.0005 02776 0.0070 0.0518 0.0012 2504 63 2487 118 2770 145 -0.7 9.6 2504  6.32

G63 231 5755 027  0.0404 0.0005 0.2838 0.0069 0.0511 0.0011 255.1 63 2537 113 2449 129  -06 -4.2 255.1  6.32

G64 371 9747 0.14  0.0399 0.0005 0.2804 0.0060 0.0509 0.0010 2522 62 2510 10.1 237.7 115 -0.5 -6.1 2522 620

G65 543 5009 0.17  0.1130 0.0014 1.0624 0.0251 0.0703 0.0013 690.2 16.6 7350 242 937.7 26.6 6.1 26.4 690.2  16.56
G66 103 2634 042  0.0373 0.0005 0.2501 0.0092 0.0503 0.0017 236.1 6.5 2267 153 2103 162 42 -12.3 236.1  6.46

G67 564 14010 0.07  0.0432 0.0005 0.3007 0.0056 0.0504 0.0008 2724 6.6 2669 96 2126 9.7 -2.1 -28.1 2724 6.55

G68 161 3127 126  0.0445 0.0006 03616 0.0127 0.0611 0.0019 2805 7.7 3134 190 643.1 333 10.5 56.4 280.5  7.65

G69 124 3057 029  0.0407 0.0006 02717 0.0103 0.0510 0.0018 2569 7.1 2440 168 2390 18.1 -5.3 -1.5 2569  7.06

G70 11.0 2451 048  0.0422 0.0006 02746 0.0110 0.0507 0.0019 2667 74 2463 182 2263 183 -8.3 -17.9 266.7  7.42

G71 465 10164 0.16  0.0469 0.0006 0.4020 0.0093 0.0626 0.0013 2952 74 3431 140 6947 238 14.0 57.5 2952 7.39

G72 739 12134 036  0.0588 0.0007 0.4527 0.0100 0.0549 0.0011 368.1 90 3792 144 4094 164 2.9 10.1 368.1  9.01

G73 286 7283 039  0.0379 0.0005 0.2658 0.0062 0.0505 0.0011 2399 6.0 2393 104 2194 117 0.2 9.3 2399  5.96
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G74 109 2741 028 0.0398 0.0005 02724 0.0082 0.0518 0.0014 251.8 6.6 2446 137 2748 166  -2.9 8.4 2518 6.57

G75 119 1320 070  0.0797 0.0012 0.5897 0.0246 0.0575 0.0020 4940 13.7 470.7 299 5096 316 -50 3.1 4940 13.73
G76 123 2994 031  0.0406 0.0005 0.2678 0.0083 0.0502 0.0014 2567 6.7 2409 139 2024 13.8 -6.6 -26.8 2567  6.69

G77 60.0 12444 101  0.0390 0.0005 02785 0.0055 0.0524 0.0009 2467 60 2494 9.6 3033 12.6 1.1 18.7 2467 596

G78 140 859 044  0.1535 0.0020 1.4266 0.0430 0.0709 0.0016 9206 225 900.1 315 9551 310 -23 3.6 955.1  30.98
G79 101 2640 022  0.0391 0.0005 02584 0.0083 0.0504 0.0015 2473 6.6 2334 140 2126 146  -6.0 -16.3 2473  6.58

G80 129.7 1090.3 0.28  0.1173 0.0015 1.2099 0.0223 0.0743 0.0011 7148 167 805.1 21.7 1049.1 233 11.2 31.9 7148 16.73
G81 11.7 293.1 032  0.0394 0.0005 02743 0.0078 0.0520 0.0014 2488 6.5 246.1 130 2867 164  -1.1 13.2 2488  6.45

G82 128 3203 021  0.0409 0.0005 0.2879 0.0084 0.0531 0.0014 2583 6.7 2569 139 3309 184  -05 21.9 2583  6.69

G83 84 1914 046  0.0412 0.0006 0.2919 0.0096 0.0532 0.0016 2600 69 2600 155 3356 205 0.0 22.5 2600 693

G84 194 4845 0.18  0.0411 0.0006 0.3017 0.0095 0.0543 0.0015 259.7 6.8 2677 150 3852 21.6 3.0 32.6 2597  6.81

G85 372 2678 047 0.1298 0.0017 1.1432 0.0316 0.0657 0.0014 786.6 192 7740 275 7952 271 -1.6 1.1 786.6  19.17
G8 99 1402 070  0.0623 0.0009 0.4596 0.0217 0.0544 0.0022 389.5 114 3840 282 3885 299  -15 0.3 3805  11.41
G87 172 4163 032  0.0408 0.0005 0.2718 0.0074 0.0505 0.0013 2579 6.6 2441 126 2199 132  -56 -17.3 2579  6.57

G88 13.6 3544 025 0.0389 0.0005 02627 0.0082 0.0507 0.0014 2457 6.5 236.8 136 2272 150  -3.7 -8.1 2457  6.45

G89 215 5464 0.13  0.0413 0.0005 0.2880 0.0069 0.0521 0.0011 261.1 6.6 2570 11.6 2902 143 -1.6 10.0 261.1  6.56

G9 50.0 11515 0.75  0.0379 0.0005 0.2703 0.0059 0.0510 0.0010 2397 60 2429 100 2404 118 1.3 0.3 2397 5.96

G91 1564 9355 041  0.1579 0.0020 1.6517 0.0343 0.0758 0.0012 9453 21.9 990.2 260 1088.7 253 4.5 13.2 1088.7 25.26
G92 17.6 3323 021  0.0542 0.0007 0.4234 0.0133 0.0587 0.0016 3404 89 3585 190 557.1 271 5.0 38.9 3404 893

G93 127 2514 033  0.0493 0.0007 0.3488 0.0108 0.0540 0.0015 3100 81 303.8 16.8 3715 20.7 -2.0 16.6 3100  8.11

G9%4 115 2975 026  0.0389 0.0005 02735 0.0080 0.0525 0.0014 2463 65 2455 132 3051 174  -03 19.3 2463  6.45

G95 13.8 3487 031  0.0394 0.0005 0.2633 0.0078 0.0500 0.0014 2489 6.5 2373 130 1959 130 49 -27.1 2489  6.45

G9% 189 5224 0.19  0.0373 0.0005 0.2655 0.0076 0.0521 0.0014 2360 6.1  239.1 125 2839 165 1.3 18.3 2360  6.09

G97 20.1 2362 043 0.0805 0.0010 0.6786 0.0174 0.0656 0.0014 499.1 124 5259 21.6 7930 272 5.1 37.1 499.1 1241
G98 7.3 1794 057  0.0368 0.0005 02614 0.0107 0.0520 0.0020 2332 6.7 2358 172 2841 221 1.1 17.9 2332 6.71

G99 183 1459 075  0.1089 0.0015 0.9525 0.0364 0.0653 0.0020 666.5 17.8 6794 333 7843 36.2 1.9 15.0 666.5 17.79
G100 13.5 3430 021  0.0401 0.0006 02725 0.0116 0.0514 0.0020 2535 7.3 2447 187 260.1 212  -3.6 2.6 2535 731

G101 142 3329 032  0.0421 0.0006 0.2886 0.0088 0.0514 0.0014 2657 69 2574 142 2584 159  -32 -2.8 26577 693

G102 18.6 463.6 037  0.0391 0.0005 02648 0.0072 0.0509 0.0013 2474 63 2385 122 2345 13.8 -3.7 -5.5 2474 633

G103 33.0 4504 044 0.0696 0.0009 0.5394 0.0126 0.0561 0.0011 4337 10.7 4380 170 4551 182 1.0 4.7 4337  10.73
G104 57.6 379.6 0.61  0.1367 0.0018 12147 0.0297 0.0665 0.0013 8257 19.8 8074 26.1 8209 25.1 -2.3 0.6 8257 19.85
G105 134 307.6 031  0.0430 0.0006 0.3122 0.0122 0.0559 0.0020 2715 7.7 2759 193 449.6 290 1.6 39.6 2715 7.66

G106 29.6 7384 0.65 0.0358 0.0005 02543 0.0058 0.0512 0.0011 2265 57 230.0 100 251.6 12.6 1.5 10.0 2265 573

G107 50.7 3278 0.19  0.1569 0.0020 1.5034 0.0319 0.0720 0.0012 939.7 22,0 931.8 26.1 986.8 248 -0.8 4.8 986.8 24.78
G108 143 3525 027  0.0408 0.0005 0.2805 0.0078 0.0519 0.0013 2578 6.7 251.1 13.0 280.1 157 -2.7 8.0 2578  6.69

G109 783 621.6 202 0.0814 0.0010 0.6406 0.0131 0.0575 0.0010 5044 122 5027 172 5111 175 0.3 1.3 5044  12.16
G110 102 2520 048  0.0379 0.0005 02557 0.0081 0.0512 0.0015 2399 63 2312 137 2507 162  -38 4.3 2399 634

GI11 179.7 10069 036  0.1714 0.0022 1.7733 0.0372 0.0766 0.0013 1019.7 23.8 10357 272 1109.5 25.8 L5 8.1 1109.5 25.79
G112 86.7 6948 0.10 0.1306 0.0017 12171 0.0270 0.0686 0.0012 791.3 18.8 8085 24.6 887.0 24.6 2.1 10.8 7913 18.82



Table 4

Ratios Ages (Ma) % %

U concord. concord.
Gr. Pb  (ppm) Atomic (206/238 (206/238 Best Age
No. (ppm) Th/U | 206/238 +s.e. 207/235 *s.e. 207/206 xs.e. [206/238 +2s 207/235 +2s 207/206 =+2s |207/235) 207/206) (Ma)  *2s
GII3 11.8 2981 028  0.0397 0.0005 02742 0.0080 0.0519 0.0014 250.7 6.6 2461 133 2788 163  -1.9 10.1 250.7  6.57
G114 372 4087 026 0.0912 0.0012 0.7708 0.0204 0.0665 0.0015 562.7 14.1 580.2 236 8212 281 3.0 315 5627  14.06
G115 184 3335 040  0.0539 0.0007 0.3908 0.0116 0.0558 0.0015 3382 88 3349 175 4432 222 -1.0 23.7 3382 881
G116 11.1 283.6 027  0.0392 0.0005 02697 0.0082 0.0520 0.0014 248.1 6.6 2424 137 2867 172  -23 13.5 248.1  6.58
G117 446 739.7 048  0.0566 0.0007 0.4169 0.0089 0.0534 0.0010 3547 88 3538 135 3463 144  -02 -2.4 3547 8.9
G118 385 8755 0.74  0.0383 0.0005 0.2705 0.0065 0.0510 0.0011 2422 6.1  243.1 107 2426 12.6 0.4 0.2 2422 6.08
G119 120 291.8 043  0.0392 0.0005 0.2643 0.0079 0.0509 0.0014 2476 6.5 2381 132 2340 147 -4.0 -5.8 2476  6.45
G120 86.1 6449 0.17  0.1373 0.0017 13682 0.0265 0.0725 0.0012 8292 19.5 8754 240 1000.8 23.9 5.3 17.1 829.2  19.50
G121 463 4100 021  0.1129 0.0015 1.0675 0.0272 0.0719 0.0015 6898 170 7375 260 9828 29.1 6.5 29.8 689.8 17.03
G122 58.1 1706.1 0.15  0.0355 0.0005 0.2535 0.0050 0.0518 0.0009 2250 56 2294 89 2744 119 1.9 18.0 2250  5.60
G123 127 3095 033  0.0405 0.0005 0.2704 0.0077 0.0509 0.0013 2557 6.7 2430 13.0 2340 142  -52 9.3 25577  6.69
G124 237 2141 150  0.0795 0.0011 0.5911 0.0179 0.0567 0.0015 4929 12.7 471.6 224 4795 229 45 -2.8 4929  12.66
G125 108 2514 031  0.0426 0.0006 03192 0.0125 0.0582 0.0021 2688 7.7 2813 19.8 5362 329 4.4 49.9 2688  7.67
G126 140 3525 025 0.0402 0.0005 0.2749 0.0078 0.0513 0.0013 254.1 6.6 2466 130 2543 150  -3.1 0.1 2541  6.57
G127 55.0 1168.6 0.85  0.0399 0.0005 0.2816 0.0062 0.0512 0.0010 252.0 63 2519 104 2485 120 0.0 -1.4 2520  6.32
G128 223 581.1 0.13  0.0401 0.0005 0.2859 0.0070 0.0522 0.0011 253.1 64 2553 115 2942 146 0.9 13.9 253.1 645
G129 220 590.0 024 0.0377 0.0005 02653 0.0067 0.0517 0.0012 2387 6.1 2389 112 2722 141 0.1 12.3 23877 6.09
14052705 Song Trac
Gl 846 5293 048  0.1498 0.0018 14734 0.0229 0.0714 00011 899.6 19.6 9195 229 9683 185 2.2 7.1 899.6  19.6
G10 440 1042 0.16 04173 0.0050 9.7687 0.1505 0.1698 0.0025 22482 457 24132 349 2556.1 274 6.8 12.0 2556.1  27.4
G100 40.4 5609 042  0.0685 0.0009 0.5289 0.0128 0.0560 0.0013 4269 10.6 431.1 189 4540 172 1.0 6.0 4269  10.6
G101 457 2565 0.56  0.1608 0.0021 1.5372 0.0333 0.0693 0.0015 961.4 228 9454 30.1 9089 25.1 -1.7 -5.8 908.9  25.1
G102 18.8 406.8 090  0.0383 0.0005 0.2734 0.0083 0.0518 0.0016 2422 6.5 2454 144 2775 146 1.3 12.7 2422 6.5
G103 231.6 4472 049 04533 0.0056 9.8865 0.1758 0.1582 0.0026 2410.0 49.8 24243 38.1 2436.8 30.6 0.6 1.1 2436.8  30.6
G104 273 3392 091 0.0661 0.0009 0.5125 0.0151 0.0563 0.0016 412.6 10.8 420.1 22.1 462.6 21.7 1.8 10.8 412.6 108
G105 863 411.2 0.69  0.1818 0.0023 2.0005 0.0396 0.0798 0.0015 1076.9 25.0 11157 30.6 1192.8 264 35 9.7 1192.8  26.4
G106 232 4453 049  0.0485 0.0006 0.3565 0.0096 0.0533 0.0014 3053 79 309.6 159 3429 155 1.4 11.0 3053 79
G107 214 3935 032 0.0517 0.0007 0.3911 0.0105 0.0548 0.0015 3252 83 3352 169 4057 177 3.0 19.8 3252 83
G108 474 2571 044  0.1726 0.0022 1.8343 0.0388 0.0771 0.0016 10262 242 1057.8 31.6 11243 27.7 3.0 8.7 11243 27.7
G109 1293 2192 099 04576 0.0057 10.2183 0.1889 0.1620 0.0028 24289 50.8 24547 39.5 24769 32.0 1.1 1.9 24769 320
Gl 83 3285 044  0.0240 0.0003 0.1655 0.0056 0.0499 0.0017 153.1 40 1555 105 1922 119 1.5 20.3 153.1 4.0
G110 413 2249 049  0.1689 0.0022 1.8344 0.0399 0.0788 0.0017 1006.3 23.9 1057.8 323 1166.6 29.1 4.9 13.7 1166.6  29.1
G111 351 2773 034  0.1208 0.0016 1.0569 0.0254 0.0635 0.0015 7351 17.9 7323 278 7244 241 0.4 -1.5 7351 179
G112 226 5300 0.63 0.0382 0.0005 02739 0.0076 0.0520 0.0014 2417 63 2458 133 2854 13.6 1.6 15.3 2417 6.3
G113 147.6 1020.8 0.13  0.1498 0.0019 1.4492 0.0292 0.0702 0.0013 899.6 21.2 909.5 275 9342 233 1.1 3.7 899.6  21.2
G114 209 1345 094  0.1279 0.0018 1.1675 0.0370 0.0662 0.0021 7757 20.7 7855 37.8 8140 353 1.2 4.7 71577 20.7
G115 24 379 115 0.0487 0.0013 0.3595 0.0385 0.0536 0.0058 306.2 154 311.8 60.1 3547 652 1.8 13.7 3062 154



Table 4

Ratios Ages (Ma) % %
U concord. concord.

Gr. Pb  (ppm) Atomic (206/238 (206/238 Best Age

No. (ppm) Th/U | 206/238 +s.e. 207/235 xs.e. 207/206 xs.e. [206/238 +2s 207/235 +2s 207/206 =+2s |207/235) 207/206) (Ma)  *2s
GII6 355 3139 106 0.0894 0.0012 0.7374 0.0219 0.0598 0.0018 552.1 146 5609 28.0 5974 266 1.6 7.6 552.1  14.6
G117 335 4163 085  0.0679 0.0009 0.5306 0.0162 0.0567 0.0017 4232 112 4322 233 4811 231 2.1 12.0 4232 112
G118 11.7 2122 0.74  0.0477 0.0008 0.3445 0.0161 0.0524 0.0025 3003 92  300.6 259 303.8 247 0.1 1.2 3003 92
G119 154 2722 197 0.0364 0.0006 02548 0.0112 0.0507 0.0023 230.7 7.0 2305 194 2281 18.1 -0.1 -1.1 2307 7.0

GI12 437 4131 092 0.0880 0.0011 0.7215 0.0138 0.0595 0.0011 5439 12,6 551.6 189 5840 16.6 1.4 6.9 5439 126
G120 67.4 4687 0.04  0.1535 0.0020 15021 0.0352 0.0710 0.0016 920.6 225 931.3 31.8 9574 279 1.1 3.8 9574 279
G121 108 2748 059  0.0356 0.0005 0.2558 0.0100 0.0522 0.0021 2253 6.5 231.2 17.3 2929 200 2.6 23.1 2253 6.5

G122 19.1 1257 098  0.1242 0.0018 1.1064 0.0378 0.0647 0.0022 7545 20.8 7564 395 763.0 365 0.3 1.1 7545  20.8
G123 124 2028 096  0.0498 0.0008 0.3860 0.0161 0.0562 0.0024 3135 93 3315 252 460.7 310 54 320 3135 93

G124 405 4832 0.87 0.0702 0.0010 0.5495 0.0166 0.0568 0.0017 437.1 11.6 4447 23.6 4849 229 1.7 9.9 437.1  11.6
G125 259 1585 096  0.1341 0.0020 1.1914 0.0440 0.0645 0.0024 8109 230 796.6 440 7574 394  -18 -7.1 810.9  23.0
GI3 435 6689 039 0.0626 0.0008 0.4770 0.0088 0.0553 0.0010 3912 9.1 3960 141 4248 124 1.2 7.9 3912 9.1

Gl4 119 3045 058  0.0358 0.0005 02577 0.0076 0.0523 0.0015 2266 57 2328 134 2977 152 2.7 239 2266 5.7

G15 2837 5609 0.63 04425 0.0052 10.9587 0.1571 0.1797 0.0024 2361.7 46.6 2519.6 33.2 2650.0 252 6.3 10.9 2650.0 252
Gl16 107.5 741.6 0.18  0.1479 0.0017 13996 0.0216 0.0687 0.0010 8892 19.5 888.8 222 8885 17.2 0.0 0.1 889.2 195
G17 198 619 144 02372 0.0031 29256 0.0651 0.0895 0.0020 13723 31.9 1388.6 38.8 14142 33.8 1.2 3.0 14142 338
GI18 355 4453 006  0.0850 0.0011 0.6919 0.0190 0.0591 0.0016 5259 132 5340 252 5693 239 L5 7.6 5259 132
G19 964 5281 1.16  0.1446 0.0017 1.4607 0.0259 0.0733 0.0013 870.6 19.6 9143 252 10223 220 4.8 14.8 870.6  19.6
G2 1129 1819 133 04608 0.0054 10.5946 0.1525 0.1668 0.0023 24429 47.7 24882 333 25260 252 1.8 33 25260 252
G20 360 1352 0.61 02395 0.0031 3.1196 0.0674 0.0945 0.0020 1384.3 320 14375 384 1517.7 33.7 3.7 8.8 1517.7 337
G21 164 1952 096  0.0701 0.0009 0.5330 0.0144 0.0552 0.0015 4368 10.8 433.8 210 4187 184  -0.7 -4.3 436.8 108
G22 1875 317.7 0.82  0.4785 0.0056 11.0734 0.1588 0.1679 0.0022 2520.6 49.1 25293 33.1 2536.8 24.9 0.3 0.6 2536.8 249
G23 248 2293 134  0.0816 0.0010 0.6504 0.0158 0.0578 0.0014 505.8 123 5087 21.7 522.6 19.6 0.6 3.2 5058 123
G24 267.0 1094.1 0.02 02571 0.0030 3.6097 0.0542 0.1019 0.0014 1475.1 31.1 1551.7 293 1658.3 23.1 4.9 11.0 1658.3  23.1
G25 657 7087 0.08 0.0978 0.0012 0.8590 0.0176 0.0637 0.0013 6013 141 629.6 22.1 7330 210 4.5 18.0 6013  14.1
G26 160.7 451.6 046  0.3275 0.0039 50671 0.0797 0.1122 0.0017 18263 38.1 1830.6 324 1836.0 253 0.2 0.5 1836.0 253
G27 86.4 2451 037 03307 0.0040 52437 0.0884 0.1151 0.0019 1841.7 39.0 1859.7 345 1880.7 27.7 1.0 2.1 1880.7 277
G28 724 5338 0.61  0.1228 0.0015 1.1052 0.0188 0.0653 0.0011 7468 169 7559 215 7834 177 1.2 4.7 746.8  16.9
G29 1249 3575 035 0.3298 0.0040 52103 0.0832 0.1146 0.0017 1837.2 384 18543 33.0 18741 26.0 0.9 2.0 1874.1 260
G3 16.8 3348 0.79  0.0436 0.0005 0.3230 0.0081 0.0538 0.0014 2750 6.7 2842 139 3614 153 33 239 2750 6.7

G30 438 610.8 0.65 0.0645 0.0008 0.4949 0.0098 0.0557 0.0011 4028 94 4082 154 439.6 13.8 1.3 8.4 4028 94

G31 87 3474 030 0.0248 0.0003 0.1676 0.0061 0.0491 0.0018 157.8 43 1573 114 1502 102  -03 -5.0 157.8 43

G32 280.6 7504 088 03121 0.0037 49166 0.0740 0.1143 0.0016 1750.9 364 1805.1 31.1 1868.9 24.1 3.0 6.3 1868.9  24.1
G33 1958 891.3 123  0.1708 0.0021 1.7749 0.0299 0.0754 0.0012 1016.7 22.6 10363 260 10784 21.3 1.9 5.7 10784  21.3
G34 552 3146 087 0.1485 0.0019 1.4272 0.0327 0.0697 0.0016 8927 21.2 9004 310 9198 274 0.9 3.0 892.7  21.2
G35 494 7782 039  0.0614 0.0007 0.4741 0.0090 0.0560 0.0010 3842 9.0 3940 144 4528 134 2.5 15.1 3842 9.0

G36 1023 7378 031  0.1358 0.0016 12980 0.0210 0.0694 0.0011 820.6 183 8449 222 909.8 184 2.9 9.8 820.6 183
G37 421 859 117 03814 0.0051 7.9631 0.1640 0.1515 0.0031 2083.0 47.5 22269 439 2362.6 373 6.5 11.8 2362.6  37.3

G38 583 708.7 1.10 0.0656 0.0008 0.5017 0.0096 0.0555 0.0010 409.7 9.6 4129 150 431.6 13.1 0.8 5.1 409.7 9.6
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G39 188 537 1.13  0.2736 0.0039 4.1530 0.I130 0.1101 0.0030 15589 39.9 16648 50.7 1801.7 462 6.4 13.5 1801.7  46.2
G4 346 1901 080  0.1571 0.0020 1.5207 0.0344 0.0702 0.0016 9409 22.1 9388 31.6 9345 275 0.2 0.7 9345 275
G40 133.1 2520 051 04634 0.0055 10.4233 0.1560 0.1632 0.0023 24547 48.6 2473.1 339 24889 258 0.7 1.4 24889 258
G4l 2602 7612 051 03113 0.0037 48975 0.0757 0.1141 0.0017 17472 36.6 1801.8 31.6 1866.2 24.7 3.0 6.4 1866.2  24.7
G42 130.1 3417 074  0.3290 0.0040 5.1501 0.0841 0.1136 0.0018 1833.6 38.6 18444 334 18573 264 0.6 1.3 18573 264
G43 755 11427 037  0.0639 0.0008 0.48388 0.0088 0.0555 0.0010 3995 93 4041 140 4312 120 1.1 7.4 3995 93
G44 1520 3493 034 04103 0.0049 94762 0.1430 0.1676 0.0024 2216.1 448 23852 33.8 2533.6 26.1 7.1 12.5 2533.6  26.1
G45 144 430 077 02872 0.0039 42132 0.1013 0.1064 0.0026 1627.5 39.2 16766 452 1739.3 39.9 2.9 6.4 17393 399
G46 11.8 137.7 054  0.07838 0.0011 0.6224 0.0192 0.0573 0.0018 4888 12.7 4914 262 5039 245 0.5 3.0 488.8  12.7
G47 655 4390 025 0.1478 0.0019 1.5507 0.0339 0.0761 0.0016 83884  21.1 950.8 30.9 1098.8 28.9 6.6 19.1 888.4  21.1
G48 483 5382 072 0.0787 0.0010 0.6143 0.0121 0.0566 0.0011 4882 11.5 4863 17.5 4775 145 0.4 2.2 488.2 115
G49 143 707 078  0.1718 0.0026 1.7597 0.0640 0.0743 0.0027 1021.7 28.7 1030.7 51.6 10504 483 0.9 2.7 10504 483
G5 423 3285 0.16 0.1329 0.0016 12644 0.0241 0.0690 0.0013 8044 183 8299 253 8993 223 3.1 10.6 804.4 183
G50 99 2002 1.13  0.0390 0.0006 0.2749 0.0102 0.0512 0.0019 2466 6.8 246.6 17.6 247.6 165 0.0 0.4 2466 6.8
G51 563 13082 0.87  0.0362 0.0005 0.2864 0.0063 0.0574 0.0012 2293 56 2557 113 5062 172 103 54.7 2293 56
G52 442 2413 0.62 0.1645 0.0020 1.6107 0.0313 0.0710 0.0013 981.6 225 9744 281 9586 232  -0.7 2.4 958.6  23.2
G53 559 8262 035 0.0661 0.0008 0.5060 0.0120 0.0556 0.0013 4123 10.0 4158 18.1 4356 16.6 0.8 5.4 4123 100
G54 355 3980 122 0.0693 0.0009 0.5184 0.0119 0.0543 0.0012 4316 105 4241 180 3839 145 -1.8 -12.4 431.6 105
G55 21.8 5072 0.84 0.0367 0.0005 02539 0.0069 0.0502 0.0013 2325 58 2297 122 2024 98 -1.2 -14.8 2325 58
G56 1745 12715 005  0.1461 0.0018 1.4540 0.0253 0.0722 0.0012 879.0 199 9115 247 9919 210 3.6 114 879.0  19.9
G57 81 2741 030  0.0292 0.0004 02289 0.0099 0.0568 0.0025 1857 55 2093 175 4846 33.8 11.3 61.7 1857 55
G58 20.1 420.1 093  0.0398 0.0005 0.2831 0.0077 0.0517 0.0014 2513 63  253.1 134 2713 129 0.7 7.4 2513 63
G59 582 3998 0.69 0.1282 0.0016 1.1498 0.0218 0.0651 0.0012 777.8 17.9 777.1 238 7760 19.7 -0.1 0.2 77718 179
G6 335 1939 064 0.1546 0.0020 1.5122 0.0346 0.0710 0.0016 9267 21.8 9353 31.7 9565 28.1 0.9 3.1 956.5  28.1
G60 269 5755 0.81  0.0401 0.0005 0.2866 0.0070 0.0519 0.0013 253.1 63 2559 124 2819 119 1.1 10.2 253.1 6.3
G61 197.8 9355 046  0.1969 0.0024 2.1938 0.0354 0.0808 0.0012 1158.5 254 1179.1 269 1217.6 214 1.7 4.8 1217.6 214
G62 812 2824 094 02329 0.0030 2.7114 0.0561 0.0845 0.0017 1349.8 30.8 1331.6 353 13029 296 -14 -3.6 13029 29.6
G63 821 1039.1 029  0.0785 0.0010 0.6245 0.0113 0.0577 0.0010 4870 114 4927 164 5199 140 1.2 6.3 4870 114
G64 2164 3803 059 04863 0.0059 11.3799 0.1840 0.1698 0.0026 2554.7 514 25548 36.2 25554 282 0.0 0.0 25554 282
G65 222 3000 030 0.0735 0.0009 0.5800 0.0143 0.0573 0.0014 457.1 113 4645 205 5019 192 1.6 8.9 457.1 113
G66 673 3430 215 0.1243 0.0016 1.1078 0.0240 0.0647 0.0014 7554 18.0 757.1 262 763.0 22.6 0.2 1.0 7554  18.0
G67 819 1863 040 04087 0.0053 92510 0.1718 0.1642 0.0029 2209.1 48.0 23632 404 2499.5 333 6.5 11.6 2499.5 333
G68  66.8 2613.8 0.53  0.0236 0.0003 0.1620 0.0031 0.0498 0.0009 1504 3.7 1525 63 1857 6.3 1.3 19.0 1504 3.7
G69 121 3291 1.67  0.0647 0.0008 0.4994 0.0122 0.0560 0.0013 4044 10.1 411.3 184 4508 174 1.7 10.3 4044 10.1
G7 320 6569 0.80 0.0421 0.0005 0.3218 0.0082 0.0555 0.0014 2658 6.6 2833 140 430.8 177 6.2 38.3 2658 6.6
G70 234 1598 100  0.1200 0.0016 1.1217 0.0293 0.0678 0.0018 730.7 183 763.8 313 8624 302 4.3 15.3 730.7 183
G71 197 1579 028  0.1236 0.0017 12937 0.0357 0.0760 0.0021 751.1 194 8429 352 1093.8 369 10.9 31.3 751.1 194
G72 869 180.7 044 04339 0.0053 98587 0.1645 0.1649 0.0026 2323.1 47.8 2421.7 36.7 25060 29.1 4.1 7.3 2506.0 29.1

G73 60:0 3626 0.82 0.1409 0.0017 1.3360 0.0254 0.0688 0.0013 849.7 197 861.5 255 8924 21.6 1.4 4.8 849.7 19.7
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G74 1320 3266 0.69 03515 0.0044 6.6105 0.1164 0.1364 0.0023 1941.8 41.7 2060.8 36.7 21825 300 538 11.0 21825 300
G75 2643 8022 054 02982 0.0036 4.6669 0.0781 0.1135 0.0018 16824 36.1 1761.3 332 1856.8 26.7 4.5 9.4 1856.8  26.7
G76 319 985 054 02909 0.0040 4.1971 0.1001 0.1047 0.0025 16459 39.5 1673.5 447 1708.7 39.0 1.6 3.7 1708.7  39.0
G77 11.0 1371 075  0.0695 0.0010 0.5372 0.0179 0.0561 0.0019 4333 11.6 436.6 256 4547 245 0.8 4.7 4333 116
G78 440 815 094 04292 0.0059 10.2591 0.2180 0.1734 0.0036 2302.0 53.1 24584 46.1 2591.0 39.0 6.4 11.2 2591.0 390
G79 442 5786 076  0.0657 0.0008 0.5050 0.0110 0.0558 0.0012 410.0 9.9 4151 1677 4440 152 1.2 7.7 4100 9.9
G8 852 5344 0.66 0.1419 0.0017 1.3865 0.0243 0.0709 0.0012 8556 19.1 883.2 244 9540 209 3.1 10.3 855.6  19.1
G80 1166 230.6 0.71 04280 0.0053 9.7711 0.1651 0.1656 0.0026 2296.9 47.5 24134 369 2513.8 294 4.8 8.6 2513.8 294
G81 409 5464 061  0.0675 0.0009 0.6053 0.0142 0.0651 0.0015 421.1 10.5 480.6 202 7763 250 12.4 45.8 421.1 105
G82 923 4453 0.68  0.1817 0.0023 19363 0.0394 0.0773 0.0015 10764 250 10937 31.3 11289 26.8 1.6 4.7 1128.9  26.8
G83 2325 6759 035 03227 0.0039 50779 0.0855 0.1142 0.0018 1803.0 383 18324 33.7 1866.7 26.8 1.6 34 1866.7  26.8
G84 27 543 071  0.0436 0.0009 03610 0.0275 0.0601 0.0047 2750 114 3129 433 6068 709 121 54.7 2750 114
G85 274 1383 097 0.1611 0.0021 1.6127 0.0382 0.0726 0.0017 963.0 233 9752 333 10034 295 1.2 4.0 1003.4 295
G86 49.1 6980 045  0.0663 0.0008 0.5066 0.0108 0.0554 0.0011 413.8 10.0 416.1 164 4296 144 0.6 3.7 413.8 100
G87 451 5205 0.87 0.0728 0.0010 0.6280 0.0158 0.0626 0.0016 453.1 114 4949 219 693.6 249 8.4 34.7 453.1 114
G88 1275 3506 035 03405 0.0042 5.5299 0.0963 0.1178 0.0019 1889.1 403 19052 35.1 19234 28.1 0.8 1.8 19234 28.1
G89 3964 13998 091  0.2325 0.0029 29163 0.0505 0.0910 0.0015 1347.7 29.8 13862 30.7 14464 249 2.8 6.8 1446.4 249
GY9 824 4428 023  0.1854 0.0022 2.0916 0.0366 0.0819 0.0014 1096.2 243 1146.1 28.6 12424 243 4.4 11.8 12424 243
G9 96.6 581.1 036  0.1592 0.0020 1.5653 0.0305 0.0713 0.0013 9522 221 956.6 27.8 9672 233 0.5 L5 9672 233
G91 528 2640 160 0.1396 0.0020 12373 0.0385 0.0643 0.0020 842.6 222 817.7 383 7512 330 -3.0 -12.2 842.6 222
G92 226 2994 058  0.0685 0.0009 0.5269 0.0137 0.0558 0.0014 427.1 10.7 429.7 200 4444 183 0.6 3.9 427.1  10.7
G93 375 2514 103  0.1194 0.0015 1.0511 0.0239 0.0639 0.0014 7269 17.6 7294 26,6 7380 232 0.3 1.5 7269 17.6
G94 678 1724 1.13 03044 0.0039 4.8036 0.0980 0.1145 0.0023 17129 388 17855 39.5 1872.0 33.6 4.1 8.5 1872.0  33.6
G95 277 878 040 02946 0.0038 4.2830 0.0904 0.1055 0.0022 16642 38.1 1690.1 39.8 17229 33.8 1.5 34 17229 33.8
G9% 736 10745 033  0.0670 0.0008 0.5009 0.0101 0.0542 0.0010 4183 10.1 4123 155 3794 121 -1.5 -10.3 4183  10.1
G97 251.8 8256 0.02 03162 0.0039 49694 0.0909 0.1140 0.0020 1771.1 38.6 18141 359 18645 293 2.4 5.0 1864.5 293
G98 6.8 151.0 0.65 0.0402 0.0006 0.3001 0.0123 0.0542 0.0022 2539 74 2665 206 3790 26.1 4.7 33.0 2539 74
G99 471 8793 007 0.0571 0.0007 0.4339 0.0091 0.0551 0.0011 3579 88 3659 146 4175 13.8 2.2 14.3 3579 88
14052801 Song Nan
GO1 1252 7570 044  0.1569 0.0019 1.5051 0.0230 0.0696 0.0010 9392  20.6 9325 227 9166 173 -0.7 -2.5 916.6  17.35
G02 222 2127 104 0.0851 0.0011 0.6522 0.0158 0.0556 0.0013 5263 128 509.8 21.8 4368 17.1 -3.2 -20.5 5263 12.83
G03 825 2523 086  0.2792 0.0034 4.1836 0.0704 0.1087 0.0018 1587.2 343 16708 33.2 1777.6 272 5.0 10.7 1777.6  27.17
G04 226.1 440.1 037 04663 0.0055 104786 0.1500 0.1630 0.0022 24674 484 24780 33.0 24869 247 0.4 0.8 2486.9 24.70
G05 545 5826 1.15 0.0744 0.0009 0.5699 0.0104 0.0556 0.0010 4627 10.8 4580 15.8 4348 125 -1.0 -6.4 462.7  10.80
G06 195 943 127  0.1599 0.0020 1.6066 0.0363 0.0729 0.0016 956.1  22.7 9728 322 10109 28.6 1.7 54 1010.9 28.63
G07 663 189.6 0.70  0.3034 0.0036 4.3550 0.0691 0.1041 0.0016 17080 36.0 1703.8 31.8 1698.8 249  -0.2 0.5 1698.8  24.87
G08 700 1972 051 03218 0.0039 47377 0.0747 0.1068 0.0016 1798.5 37.6 17739 322 17453 250  -14 -3.0 17453  24.97

G09 240.6 700.0 041 0.3192 0.0038 4.7827 0.0692 0.1087 0.0015 17857 36.7 17819 30.1 1777.4 22.7 -0.2 -0.5 1777.4 2270
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GI0O 122 699 048 0.1635 0.0021 1.5787 0.0386 0.070I 0.0017 9759 235 9619 342 930.1 29.6 -1.5 -4.9 930.1  29.56
G100 12.0 2973 034  0.0395 0.0005 02772 0.0076 0.0509 0.0014 2498 63 2485 133 2368 115 0.5 -5.5 2498  6.33

G101 137 676 081  0.1736 0.0023 1.7413 0.0441 0.0728 0.0018 1031.6 249 10240 36.7 10084 32.3 -0.8 2.3 1008.4 3231
G102 250 1295 195 0.1271 0.0016 1.1370 0.0268 0.0649 0.0015 7715 184 771.1 288 7704 253 -0.1 0.1 7715 1842
G103 1452 1923 228 04609 0.0056 10.2327 0.1805 0.1611 0.0027 2443.5 49.2 24560 38.6 2467.0 315 0.5 1.0 2467.0 31.50
G104 759 210.1 0.82  0.3032 0.0037 4.3412 0.0795 0.1039 0.0018 1707.1 364 17012 354 1694.6 292  -0.3 -0.7 1694.6  29.19
G105 309 3747 070  0.0728 0.0009 0.5525 0.0122 0.0550 0.0012 4532 10.8 446.6 18.0 4134 147 -1.5 -9.6 4532  10.82
G106 438 5234 047 00791 0.0010 0.6330 0.0128 0.0580 0.0012 4909 11.6 4980 183 531.3 164 1.4 7.6 490.9 1159
G107 245 1478 105 0.1330 0.0017 12036 0.0273 0.0657 0.0015 8049 190 8023 285 795.6 247 0.3 -1.2 804.9  19.00
G108 113.1 6524 0.12  0.1791 0.0022 1.8725 0.0340 0.0759 0.0013 1061.8 23.6 1071.4 282 1091.6 23.5 0.9 2.7 1091.6 23.45
G109 147 1584 0.87  0.0783 0.0010 0.5994 0.0159 0.0555 0.0015 486.1 12.1 4769 224 4336 187 -1.9 -12.1 486.1 12.08
Gl 643 3983 072  0.1423 0.0018 13163 0.0259 0.0671 0.0013 8574 19.8 8529 263 8412 220  -05 -1.9 857.4  19.75
G110 1465 2323 0.16  0.5878 0.0071 18.8884 0.3332 0.2331 0.0040 2980.5 57.6 3036.1 40.2 3073.7 32.8 1.8 3.0 3073.7 32.82
G111 1089 573.7 0.77  0.1626 0.0020 1.6045 0.0298 0.0716 0.0013 971.1  21.7 971.9 27.1 9746 22.6 0.1 0.4 974.6 2258
G112 578 1166  0.85  0.4027 0.0049 7.2287 0.1356 0.1302 0.0024 2181.6 454 2140.1 392 2101.1 323 -1.9 -3.8 2101.1  32.29
G113 624 3093 1.12  0.1611 0.0021 1.6456 0.0390 0.0741 0.0017 962.7 229 9879 338 10447 30.6 2.5 7.9 10447 30.63
G114 93 512 030  0.1767 0.0024 1.8737 0.0536 0.0769 0.0022 1048.8 26.5 1071.8 42.1 1119.6 39.0 2.1 6.3 1119.6  38.97
G115 149.1 606.1 0.09  0.2538 0.0031 3.3998 0.0616 0.0972 0.0017 1457.9 31.5 15043 333 1571.1 28.0 3.1 7.2 1571.1  27.96
G116 56.6 1193 0.80  0.3920 0.0048 7.2177 0.1366 0.1336 0.0025 2132.1 44.6 21387 39.5 21457 329 0.3 0.6 21457 32.88
G117 68.6 3814 053  0.1654 0.0020 1.6606 0.0321 0.0728 0.0014 9869 222 993.6 284 1009.2 24.1 0.7 2.2 1009.2  24.06
G118 1340 2314 071 04777 0.0058 10.7900 0.1972 0.1639 0.0029 2517.2 504 25052 39.7 24962 32.7 -0.5 0.8 24962 32.75
G119 103 117.0 095  0.0723 0.0010 0.6248 0.0188 0.0627 0.0019 4499 11.7 4928 259 6984 30.6 8.7 35.6 449.9  11.66
G12 245 3204 058  0.0701 0.0009 0.5335 0.0113 0.0552 0.0012 4369 104 4341 17.1 4195 143 -0.6 -4.1 4369 10.36
G120 16.2 2065 041  0.0746 0.0010 0.6117 0.0172 0.0595 0.0017 4635 11.8 4846 240 5869 252 4.4 21.0 463.5 11.76
G121 84.0 4415 045 0.1788 0.0022 1.8441 0.0355 0.0748 0.0014 1060.3 23.7 1061.3 294 1064.2 24.7 0.1 0.4 1064.2  24.67
G122 106 108.6 141  0.0727 0.0010 0.5756 0.0176 0.0575 0.0018 4522 11.7 461.6 249 509.6 247 2.0 11.3 4522 11.66
G123 374 4530 074  0.0720 0.0009 0.5484 0.0120 0.0553 0.0012 4480 10.7 4439 179 4236 149 -09 -5.8 4480 10.70
G124 129 872 089  0.1235 0.0016 1.0981 0.0294 0.0645 0.0017 750.8 18.6 7524 317 7577 28.6 0.2 0.9 750.8  18.59
G125 323 3881 0.82 0.0711 0.0009 0.5530 0.0125 0.0564 0.0013 4427 10.6 4470 184 469.7 16.7 1.0 5.7 4427 10.59
G126 241 859 055 02533 0.0032 32175 0.0703 0.0922 0.0020 14555 329 1461.4 38.8 1470.7 335 0.4 1.0 1470.7  33.55
G127 482 8.1 057 04760 0.0061 11.8463 0.2400 0.1806 0.0036 2510.0 52.8 25923 442 2658.0 374 3.2 5.6 2658.0 37.43
G128 107 1184 0.84  0.0772 0.0011 0.6050 0.0215 0.0569 0.0021 4793 13.0 4804 29.6 4865 279 0.2 1.5 479.3  13.05
G129 102 966 168  0.1312 0.0017 1.1879 0.0303 0.0657 0.0017 7949 194 7950 315 7962 28.1 0.0 0.2 7949  19.38
G13 150.1 2127 036  0.6346 0.0075 23.6373 0.3397 0.2702 0.0036 3167.9 59.3 3253.6 349 3307.0 26.2 2.6 4.2 3307.0 26.16
G130 18.8 230.5 0.64 0.0730 0.0010 0.5806 0.0161 0.0577 0.0016 4544 114 4648 229 517.6 225 2.2 12.2 4544 1141
G131 262 1727 058  0.1389 0.0017 1.4004 0.0313 0.0732 0.0016 8382 19.7 889.1 30.1 10189 285 5.7 17.7 838.2  19.70
G132 219 1228 096  0.1473 0.0019 1.4304 0.0338 0.0705 0.0017 8857 21.0 901.7 31.8 942.1 287 1.8 6.0 885.7 21.01
GI33 590 966 129 04553 0.0058 10.4010 0.2135 0.1658 0.0033 2418.7 51.1 2471.1 44.1 25153 375 2.1 3.8 25153 37.48
G134 352 2069 035 0.1643 0.0020 1.6294 0.0348 0.0720 0.0015 980.7 22.6 981.6 30.7 9845 265 0.1 0.4 984.5  26.46
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GI35 706 3605 048  0.I819 0.0023 1.8813 0.0394 0.0750 0.0015 10775 245 10745 31.8 1069.6 27.1  -0.3 0.7 1069.6 27.14
G136 43.1 1780 055 02188 0.0027 2.5771 0.0536 0.0855 0.0017 1275.7 28.7 12942 349 13258 30.1 1.4 3.8 1325.8 30.15
G137 662 2715 120  0.1873 0.0023 20189 0.0413 0.0782 0.0016 1106.6 250 1121.9 320 11525 27.7 1.4 4.0 1152.5 27.66
Gl4 119 765 112 0.1245 0.0018 12084 0.0403 0.0704 0.0024 7562 20.5 8045 40.8 9409 415 6.0 19.6 7562 20.52
GI5 128.1 12359 0.15 0.1072 0.0013 10132 0.0154 0.0685 0.0010 6566 148 7105 190 8849 169 7.6 25.8 656.6  14.79
Gl6 234 331.1 030 0.0703 0.0009 0.5436 0.0115 0.0561 0.0012 438.1 10.5 440.8 17.2 455.1 152 0.6 3.7 438.1 1048
G17 1054 5510 115 0.1514 0.0018 1.4735 0.0233 0.0706 0.0011 908.8  20.2 919.6 232 9459 185 1.2 3.9 9459  18.48
G18 768 107.7 230 04394 0.0054 97428 0.1575 0.1608 0.0025 2348.0 483 24108 364 24644 287 2.6 4.7 2464.4  28.66
G19 347 2176 110 0.1275 0.0016 1.1619 0.0224 0.0661 0.0012 773.6 17.8 782.8 244 809.5 209 1.2 4.4 773.6  17.84
G20 395 529.6 056  0.0688 0.0008 0.5123 0.0097 0.0540 0.0010 4287 100 4200 152 3727 115 -2.1 -15.0 4287 10.01
G21 436 2599 0.64 0.1501 0.0018 1.4570 0.0260 0.0704 0.0012 9015 204 9128 255 9403 212 1.2 4.1 9403  21.25
G22 121 1455 091  0.0697 0.0009 0.5219 0.0153 0.0543 0.0016 4344 11.1 4264 225 3839 188 -1.9 -13.1 4344  11.09
G23 315 1611 095  0.1623 0.0020 1.6074 0.0308 0.0719 0.0013 9694 221 973.1 279 9817 235 0.4 1.2 981.7 23.47
G24 995 12630 1.09  0.0633 0.0008 0.4782 0.0078 0.0548 0.0009 3955 9.1 396.8 129 4049 105 0.3 2.3 3955 9.09
G25 999 5670 0.60 0.1589 0.0019 1.5411 0.0243 0.0703 0.0011 950.8  21.0 9469 235 9383 183 0.4 -1.3 938.3 18.28
G26 1155 4028 036 02722 0.0032 3.6380 0.0549 0.0970 0.0014 1551.8 32.6 15579 29.5 15664 22.7 0.4 0.9 1566.4 22.72
G27 3708 646.6 096 04700 0.0056 11.3018 0.1653 0.1744 0.0024 2483.6 48.8 25484 33.8 2600.5 25.7 2.5 4.5 2600.5 25.68
G28 782 4450 070  0.1547 0.0018 1.5230 0.0246 0.0714 0.0011 927.0 20.5 939.7 239 969.7 19.2 1.3 4.4 969.7 19.24
G29 240 1166 103  0.1664 0.0022 1.7474 0.0450 0.0762 0.0020 9924 245 10262 374 1099.3 34.6 33 9.7 1099.3  34.56
G30 267 177.1 0.83  0.1292 0.0016 1.1901 0.0240 0.0668 0.0013 7834 182 7960 257 8315 224 1.6 5.8 7834  18.15
G31 617 1865 0.82 02796 0.0034 3.7603 0.0612 0.0976 0.0015 1589.2 339 15843 314 1578.0 24.8 -0.3 -0.7 1578.0 24.79
G32 248 1389 049  0.1664 0.0021 1.6168 0.0323 0.0705 0.0014 9924 228 976.8 29.1 9421 240  -1.6 -5.3 942.1  24.04
G33 228 2848 0.77 0.0696 0.0009 0.5354 0.0117 0.0558 0.0012 433.6 104 4354 17.6 4452 155 0.4 2.6 433.6  10.37
G34 924 15216 106  0.0498 0.0006 0.3726 0.0078 0.0543 0.0011 313.0 7.5 321.6 13.2 3843 132 2.7 18.5 313.0  7.49
G35 206 1567 047  0.1235 0.0015 1.0936 0.0232 0.0642 0.0013 750.7 17.7 750.3 258 7495 221 -0.1 0.2 750.7  17.67
G36 400 1286 041 02935 0.0037 4.4876 0.0850 0.1109 0.0021 1659.0 36.8 17287 37.1 18144 312 4.0 8.6 18144 31.25
G37 150 1789 0.81  0.0723 0.0009 0.5584 0.0141 0.0560 0.0014 4502 11.1  450.5 204 4520 182 0.1 0.4 450.2  11.06
G38 18.0 246.1 054  0.0675 0.0009 0.5072 0.0120 0.0545 0.0013 4213 103 4166 18.1 3909 151 -1.1 -7.8 421.3  10.27
G39 487 5247 166 0.0661 0.0008 0.5052 0.0097 0.0555 0.0010 4125 9.7 4152 152 430.8 132 0.7 4.3 4125 9.67
G40 88.6 2474 103  0.2881 0.0034 4.0741 0.0644 0.1026 0.0015 16322 344 1649.1 313 1671.0 24.6 1.0 2.3 1671.0 24.61
G41 312 3178 0.16  0.1013 0.0012 0.8479 0.0161 0.0607 0.0011 622.0 144 6235 206 6293 173 0.2 1.2 622.0 14.40
G42 3883 906.1 0.10  0.4249 0.0050 9.4211 0.1383 0.1608 0.0022 2282.6 452 23799 332 24645 254 4.1 7.4 2464.5 25.44
G43 388 213.6 088  0.1526 0.0019 15101 0.0308 0.0718 0.0014 9155 21.3 9345 288 9800 252 2.0 6.6 980.0 2522
G44 238 614 113 03054 0.0038 4.5681 0.0873 0.1085 0.0020 1718.1 37.9 17435 37.6 17744 314 1.5 32 17744 31.38
G45 544 939 100 04554 0.0055 10.0920 0.1624 0.1607 0.0025 2419.3 49.0 24432 36.2 24635 284 1.0 1.8 2463.5 28.45
G46 508 4535 0.12  0.1165 0.0014 1.0293 0.0179 0.0641 0.0011 7104 162 718.6 212 7446 17.6 1.1 4.6 7104  16.17
G47 675 3974 034  0.1656 0.0020 1.6625 0.0300 0.0728 0.0013 987.9 222 9943 269 10089 223 0.6 2.1 1008.9 22.31
G48 122 770 106  0.1269 0.0017 1.1591 0.0295 0.0662 0.0017 7704 189 7815 31.1 8140 284 1.4 54 7704  18.88

G49 6.5 60.5 0.26 0.1054 0.0014 0.8694 0.0274 0.0599 0.0019 6459 168 6352 326 5982 28.7 -1.7 -8.0 6459 16.80
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G50 60.4 3186 0.66 0.1695 0.0020 1.6512 0.0284 0.0707 0.0012 1009.6 225 990.0 259 9473 204  -2.0 -6.6 9473 20.40
G51 487 183.8 155  0.1912 0.0023 2.0492 0.0372 0.0778 0.0014 1127.8 252 1132.0 292 11405 24.1 0.4 1.1 1140.5 24.15
G52 1217 549.6 045 02074 0.0025 23430 0.0372 0.0820 0.0012 12150 263 12254 272 12443 215 0.9 24 12443 21.53
G53 373 3356 136  0.0833 0.0010 0.6524 0.0131 0.0568 0.0011 5158 12.1 5100 18.6 4842 152  -12 -6.5 5158 1214
G54 796 3627 071  0.1918 0.0023 20651 0.0344 0.0781 0.0012 1130.8 24.8 11373 272 11502 21.8 0.6 1.7 1150.2  21.85
G55 450 7232 051  0.0582 0.0007 0.4579 0.0107 0.0571 0.0013 3644 89 3828 169 4962 183 4.8 26.6 3644  8.89
G56 218 1135 175  0.1334 0.0018 1.2212 0.0331 0.0664 0.0018 807.5 20.1 8103 337 818.7 30.5 0.4 1.4 807.5  20.13
G57 294 230.1 083  0.1111 0.0015 1.1674 0.0291 0.0762 0.0019 679.1 16.8 7854 30.8 1100.9 33.5 13.5 38.3 679.1 16.83
G58 558 3204 0.64 0.1556 0.0019 1.5040 0.0266 0.0701 0.0012 9324 21.0 9320 25.6 9313 209 0.0 0.1 9313  20.87
G59 2335 4157 098 04457 0.0053 10.0405 0.1543 0.1634 0.0024 2376.1 47.2 24385 34.6 24914 269 2.6 4.6 24914 26.92
G60 1147 7579 0.60  0.1365 0.0016 12996 0.0212 0.0691 0.0011 8250 184 8455 225 9002 187 24 8.4 825.0 18.38
G61 206 2492 099  0.0675 0.0008 0.5153 0.0120 0.0554 0.0013 420.8 10.1 4220 180 4288 16.0 0.3 1.9 420.8  10.15
G62 54 365 079 0.1311 0.0021 13057 0.0548 0.0723 0.0031 7939 241 8482 525 993.8 542 6.4 20.1 7939  24.05
G63 1029 1909 0.82  0.4444 0.0054 9.8621 0.1597 0.1610 0.0025 2370.5 47.8 24220 36.1 24659 28.5 2.1 3.9 2465.9 28.53
G64 299 3494 1.16  0.0679 0.0009 0.5285 0.0135 0.0565 0.0014 4236 105 430.8 200 4705 19.2 1.7 10.0 423.6  10.50
G65 258 209.6 033  0.1199 0.0015 1.0828 0.0243 0.0655 0.0015 730.1 174 7450 269 7904 243 2.0 7.6 730.1  17.38
G66 307 1237 123  0.1912 0.0024 20453 0.0401 0.0776 0.0015 1128.1 25.5 1130.7 31.1 11364 263 0.2 0.7 1136.4  26.26
G67 88.1 4829 040  0.1762 0.0021 1.8368 0.0314 0.0756 0.0012 1046.0 23.1 1058.7 26.7 1085.6 21.9 1.2 3.6 1085.6  21.86
G68 333 3761 136  0.0665 0.0008 0.5018 0.0106 0.0547 0.0011 415.1 9.9 4129 164 4012 138 -0.5 -3.5 415.1 991

G69 503 784.6 023  0.0651 0.0008 0.4969 0.0091 0.0554 0.0010 4063 94  409.6 145 4284 125 0.8 5.2 4063  9.44

G70 58.0 369.8 029 0.1565 0.0019 1.5357 0.0305 0.0712 0.0014 937.0 21.5 9448 283 9634 241 0.8 2.7 963.4 24.12
G71 493 2443 090 0.1683 0.0020 1.6343 0.0303 0.0705 0.0013 1002.5 225 9835 274 9421 221 -1.9 -6.4 942.1 22.13
G72 725 3413 070  0.1863 0.0022 1.9283 0.0335 0.0751 0.0013 1101.1 243 10910 27.6 10714 222  -09 -2.8 10714 22.21
G73 1093 177.6  0.67  0.5041 0.0061 11.6851 0.1895 0.1682 0.0026 2631.5 51.9 2579.5 36.6 2539.3 288 -2.0 -3.6 2539.3 28.83
G74 276 1353 069 0.1791 0.0022 1.8193 0.0366 0.0737 0.0015 1062.2 243 1052.4 30.5 1032.7 255 -0.9 -2.9 1032.7  25.51
G75 489 1286 140 02812 0.0034 3.8342 0.0695 0.0989 0.0017 1597.3 34.6 16000 345 1604.0 284 0.2 0.4 1604.0 28.36
G76 1284 193.6 100  0.5345 0.0065 169115 0.2761 0.2296 0.0036 2760.2 542 29298 37.7 3049.0 30.0 5.8 9.5 3049.0 30.01
G77 3677 4041 1.17 0.0716 0.0009 0.5550 0.0116 0.0563 0.0012 4455 10.6 4483 173 4630 152 0.6 3.8 4455 10.59
G78 87.6 2893 0.64 0.2678 0.0032 3.5651 0.0605 0.0966 0.0016 1529.8 32.7 1541.8 32.1 15587 259 0.8 1.9 1558.7 25.91
G79 329 4183 0.63  0.0708 0.0009 0.5438 0.0113 0.0558 0.0011 440.7 10.5 4409 17.1 4428 147 0.1 0.5 440.7 10.48
G80 81.7 1357 1.17 04592 0.0056 10.2717 0.1735 0.1623  0.0026 2435.9 49.1 2459.6 374 2479.7 30.0 1.0 1.8 2479.7  30.05
G81 302 3685 0.67 0.0730 0.0009 0.5820 0.0124 0.0578 0.0012 454.1 10.8 4657 18.1 5237 17.1 2.5 13.3 454.1  10.81
G82 91.6 2368 070 0.3332 0.0040 52275 0.0889 0.1138 0.0019 1853.9 38.8 1857.1 34.6 1861.3 27.9 0.2 0.4 1861.3 27.88
G83 185 2252 0.68  0.0730 0.0009 0.5729 0.0137 0.0569 0.0014 454.1 11.1 4599 199 4892 184 1.2 7.2 454.1 1105
G84 499 2403 095 0.1712 0.0021 1.7240 0.0367 0.0730 0.0015 1018.9 23.6 10175 314 10151 269  -0.1 0.4 1015.1  26.89
G8 161 890 334 0.0936 0.0013 0.7919 0.0230 0.0614 0.0018 576.7 147 5922 288 6526 28.1 2.6 11.6 5767 1474
G86 240 1041 0.67  0.1991 0.0026 2.0920 0.0540 0.0762 0.0020 1170.3 284 11462 39.9 11014 347 -2.1 -6.3 1101.4 34.74
G87 723 9599 074  0.0657 0.0008 0.5085 0.0095 0.0562 0.0010 410.1 9.6 4174 148 4587 133 1.7 10.6 410.1  9.56

G88 720 1104  0.77 0.5241 0.0064 13.1822 0.2278 0.1825 0.0030 2716.7 54.1 2692.8 389 26754 313 -0.9 -1.5 26754 31.30



Table 4

Ratios Ages (Ma) % %

U concord. concord.
Gr. Pb  (ppm) Atomic (206/238 (206/238 Best Age
No. (ppm) Th/U | 206/238 +s.e. 207/235 *s.e. 207/206 xs.e. [206/238 +2s 207/235 +2s 207/206 =+2s |207/235) 207/206) (Ma)  *2s
G89 228 2608 1.09  0.0702 0.0009 0.5425 0.0157 0.0561 0.0016 4372 112 440.1 2277 4559 212 0.7 4.1 4372 11.20
G90 450 5594 074 0.0704 0.0009 0.5414 0.0109 0.0558 0.0011 4385 104 4394 164 4448 141 0.2 1.4 4385 10.36
G91 523 2212 0.83 0.2003 0.0024 2.1884 0.0413 0.0793 0.0015 1176.7 262 11774 30.6 1179.1 255 0.1 0.2 1179.1 25.51
G92 100 739 078  0.1145 0.0016 0.9974 0.0311 0.0632 0.0020 699.0 182 7025 347 7143 321 0.5 2.1 699.0 18.16
G93 535 1638 058 02924 0.0036 4.1279 0.0793 0.1024 0.0019 1653.7 36.1 1659.8 36.7 1668.3 30.7 0.4 0.9 1668.3 30.71
G94 783 4731 0.10 0.1727 0.0021 1.7458 0.0328 0.0734 0.0013 10269 23.1 10256 283 1023.6 236  -0. 0.3 1023.6  23.56
G95 459 3734 077 0.1066 0.0013 0.8984 0.0196 0.0612 0.0013 6528 154 6509 238 6452 20.5 -0.3 -1.2 652.8 1538
G9% 1039 3525 170 02054 0.0025 22852 0.0413 0.0807 0.0014 12040 26.5 1207.7 30.0 1215.1 247 0.3 0.9 1215.1  24.75
G97 1744 851.8 074  0.1767 0.0021 1.8580 0.0331 0.0763 0.0013 1049.1 23.2 10663 27.7 11022 23.1 1.6 4.8 1102.2  23.10
G98 469 2034 102  0.1862 0.0023 19175 0.0385 0.0747 0.0015 1100.8 249 10872 31.0 1060.7 259  -12 -3.8 1060.7  25.90
G99 11.0 1429 051  0.0713 0.0009 0.5382 0.0154 0.0547 0.0016 4442 113 4372 224 4012 190 -1.6 -10.7 4442 1131
12061801 - Song Trac
Gl 23 256 1.02  0.0722 0.0009 0.5508 0.0118 0.0549 0.0009 449.6 10.8 4455 150 4082 127 -0.9 -10.1 449.6 108
G2 30 435 009  0.0730 0.0009 0.6333 0.0124 0.0630 0.0009 4544 10.7 498.1 151 706.5 164 8.8 357 4544 10.7
G3 28 48 152 04125 0.0052 7.9377 0.2054 0.1464 0.0018 22263 47.0 22240 31.8 23044 238 -0.1 34 2304.4 238
G4 169 277  0.77  0.4983 0.0058 11.9822 0.1971 0.1794 0.0017 2606.3 49.9 2603.0 284 2647.1 19.5 -0.1 L5 2647.1  19.5
G5 114 699 030  0.1594 0.0019 1.5390 0.0241 0.0708 0.0007 953.5 20.7 946.1 194 9505 143 -0.8 0.3 950.5 143
Go6 16 414 021  0.0390 0.0005 0.2809 0.0063 0.0514 0.0010 2464 6.1 2513 100 260.6 10.2 1.9 54 2464 6.1
G7 101 1202  1.65  0.1555 0.0018 1.6197 0.0252 0.0753 0.0008 931.9 202 9779 19.7 10763 15.3 4.7 13.4 1076.3  15.3
G8 118 1388 0.01  0.0922 0.0011 0.7819 0.0129 0.0603 0.0007 568.7 12.7 586.6 146 6158 123 3.1 7.7 568.7  12.7
G9 48 431 0.42  0.1048 0.0013 0.9407 0.0177 0.0652 0.0009 6423 147 6732 179 7795 163 4.6 17.6 6423 147
G10 18 247 023 0.0725 0.0009 0.5562 0.0124 0.0557 0.0010 450.9 10.8 449.0 157 440.8 14.1 -0.4 2.3 450.9 108
Gt 79 1239  0.15  0.0667 0.0008 0.5137 0.0088 0.0554 0.0007 4162 9.5 4210 120 4276 104 1.1 2.7 4162 95
Gl12 148 481 0.40  0.2885 0.0034 4.0153 0.0664 0.1021 0.0012 16339 338 16373 265 1662.3 19.8 0.2 1.7 1662.3  19.8
G13 151 1234 050  0.1165 0.0014 1.1216 0.0185 0.0689 0.0008 710.6 158 763.7 17.8 8957 15.6 7.0 20.7 710.6 158
Gl14 36 493 042  0.0711 0.0009 0.5462 0.0101 0.0562 0.0008 4425 102 4425 133 461.1 11.8 0.0 4.0 4425 102
Gl15 123 424 080  0.2465 0.0029 3.0544 0.0532 0.0904 0.0011 1420.3 30.0 14213 25.8 1433.1 199 0.1 0.9 1433.1 199
Gl6 46 159 081  0.2429 0.0030 3.2517 0.0704 0.0994 0.0014 1401.5 30.8 1469.6 293 16123 243 4.6 13.1 1612.3 243
G17 97 634 020  0.1555 0.0018 1.5001 0.0259 0.0709 0.0009 931.7 204 9304 21.1 9537 169  -0.1 2.3 953.7 169
G138 31 420 035  0.0728 0.0009 0.5574 0.0109 0.0558 0.0009 452.8 10.6 4498 142 4432 124 0.7 2.2 452.8  10.6
G19 66 761 0.27  0.0857 0.0010 0.6927 0.0130 0.0597 0.0009 529.8 12.2 5344 158 593.1 143 0.9 10.7 529.8 122
G20 47 234 431 00884 0.0011 0.7392 0.0164 0.0607 0.0011 5459 13.0 5619 184 6286 17.6 2.8 13.2 5459 13.0
G21 444 3362 034  0.1276 0.0015 1.2680 0.0159 0.0720 0.0005 7743 17.0 8315 150 9851 143 6.9 214 7743 170
G22 76 224 1.18  0.2631 0.0032 3.4694 0.0631 0.0977 0.0009 15055 32.6 1520.3 243 15805 21.5 1.0 4.7 1580.5 21.5
G23 107 531 0.46  0.1878 0.0023 1.9837 0.0332 0.0760 0.0007 1109.4 245 11100 20.6 10940 19.1 0.0 -1.4 10940 19.1
G24 13 116 1.29  0.0817 0.0011 0.6558 0.0194 0.0598 0.0014 5063 13.6 512.0 224 596.0 27.7 1.1 15.1 5063  13.6
G25 146 697 1.31  0.1594 0.0019 1.5972 0.0227 0.0724 0.0006 953.5 21.0 969.1 17.7 996.1 16.2 1.6 4.3 996.1  16.2
G26 189 2173  0.74  0.0761 0.0009 0.7193 0.0095 0.0685 0.0005 473.0 108 550.2 11.8 8843 150 140 46.5 473.0 108



Table 4

Ratios Ages (Ma) % %
U concord. concord.

Gr. Pb  (ppm) Atomic (206/238 (206/238 Best Age

No. (ppm) Th/U | 206/238 +s.e. 207/235 xs.e. 207/206 xs.e. [206/238 +2s 207/235 +2s 207/206 =+2s |207/235) 207/206) (Ma)  *2s
G27 24 610  0.08  0.0410 0.0005 03186 0.0063 0.0552 0.0009 2592 64 2808 9.8 4187 172 77 38.1 2592 64
G28 24 398 023 0.0615 0.0008 0.5036 0.0090 0.0593 0.0008 3848 9.2 4141 122 57677 178 7.1 333 3848 92
G29 44 546 034  0.0778 0.0010 0.6573 0.0126 0.0608 0.0008 4828 11.6 5129 149 6315 194 5.9 23.5 482.8 11.6
G30 216 1542 036  0.1352 0.0016 1.4090 0.0183 0.0750 0.0005 817.3 18.1 8927 160 10674 152 8.4 234 817.3  18.1
G31 24 447 022 0.0529 0.0007 0.4340 0.0084 0.0595 0.0009 332.5 8.1 3660 120 5865 19.7 9.2 433 3325 8.1

G32 109 1275 134 0.0646 0.0008 0.5011 0.0077 0.0563 0.0006 4034 93 4125 10.7 4654 14.1 2.2 13.3 4034 93

G33 242 1903 0.82  0.1104 0.0013 1.0295 0.0141 0.0674 0.0005 6751 151 7187 144 8486 15.1 6.1 20.4 675.1 151
G34 43 537 097  0.0655 0.0008 0.5627 0.0100 0.0631 0.0008 409.1 9.8 4533 131 7123 195 9.8 42.6 409.1 9.8

G35 263 1358 057  0.1764 0.0021 1.8713 0.0257 0.0767 0.0006 1047.4 22.8 1071.0 182 11134 16.1 2.2 5.9 11134 16.1
G36 55 744 0779 0.0632 0.0008 0.4882 0.0087 0.0559 0.0007 3950 93 403.7 11.8 4488 157 2.2 12.0 3950 93

G37 76 529 1.16  0.1122 0.0014 1.0067 0.0173 0.0643 0.0007 6855 158 7072 16.6 7499 18.1 3.1 8.6 6855 158
G38 185 1156 055  0.1464 0.0017 1.4673 0.0207 0.0714 0.0006 8810 19.5 9170 169 9700 16.0 3.9 9.2 881.0 195
G39 30 381 0.64  0.0715 0.0009 0.5488 0.0097 0.0555 0.0007 4454 105 4442 12.6 4308 153 -0.3 -3.4 4454 105
G40 93 502 036  0.1771 0.0021 1.8628 0.0321 0.0755 0.0008 1051.3 234 1068.0 20.7 1081.3 19.8 1.6 2.8 1081.3  19.8
G41 162 1043 043  0.1463 0.0017 1.5468 0.0221 0.0758 0.0006 880.2 19.5 949.2 175 1090.6 17.0 7.3 19.3 880.2 195
G42 26 189 1.40  0.1005 0.0013 0.8876 0.0181 0.0623 0.0009 617.2 148 6451 179 685.1 20.6 4.3 9.9 6172 148
G43 43 312 1.08  0.1098 0.0014 0.9928 0.0197 0.0671 0.0009 671.3 159 7002 189 842.1 21.9 4.1 20.3 6713 159
G44 107 822 024  0.1298 0.0015 12559 0.0181 0.0696 0.0006 786.8 17.6 8260 162 9154 163 4.8 14.0 786.8  17.6
G45 94 578 029  0.1601 0.0019 1.5739 0.0255 0.0712 0.0007 957.1 21.3 9600 190 961.7 183 0.3 0.5 9617 183
G46 27 379 047  0.0659 0.0008 0.5111 0.0102 0.0563 0.0009 411.5 99 4192 134 4658 177 1.8 11.6 411.5 9.9

G47 46 220 219  0.1326 0.0016 12192 0.0236 0.0672 0.0009 802.6 18.7 8094 198 8449 209 0.8 5.0 802.6  18.7
G48 91 435 1.16  0.1655 0.0020 1.6278 0.0243 0.0714 0.0006 987.0 ~ 21.8 981.0 183 9683 169  -0.6 -1.9 968.3  16.9
G49 214 1323 0.89  0.1351 0.0016 1.3198 0.0187 0.0710 0.0006 8169 182 8544 165 956.8 162 4.4 14.6 8169  18.2
G50 58 492 022 0.1188 0.0014 12012 0.0199 0.0728 0.0008 723.8 16.6 801.1 17.6 1008.4 19.6 9.6 28.2 7238  16.6
G51 210 1751 027  0.1183 0.0014 12166 0.0157 0.0730 0.0005 720.7 16.0 808.2 149 1012.6 150 10.8 28.8 7207 16.0
G52 355 1043 098 02762 0.0033 3.8261 0.0535 0.0983 0.0007 1572.0 32.8 15983 21.9 1592.1 175 1.6 1.3 1592.1 175
G53 183 1273 033 0.1394 0.0017 1.4940 0.0208 0.0768 0.0006 8415 18.7 9279 170 11152 16.6 9.3 24.5 8415 187
G54 42 826  0.11  0.0535 0.0006 0.3958 0.0062 0.0534 0.0006 3357 7.8 3386 93 3471 128 0.9 33 3357 7.8

G55 143 718 044  0.1871 0.0022 1.9789 0.0291 0.0763 0.0006 11056 24.1 11083 193 11019 17.1 0.2 0.3 1101.9  17.1
G56 22 355 029 00611 0.0008 0.4551 0.0086 0.0552 0.0008 3823 92 3809 121 4187 16.1 -0.4 8.7 3823 92

G57 157 1199  1.09  0.1038 0.0012 0.9200 0.0138 0.0648 0.0006 636.5 145 6624 147 7682 16.2 3.9 17.1 636.5 145
G58 21 477 077 0.0385 0.0005 0.2681 0.0052 0.0510 0.0008 2432 6.0 241.2 85 2390 129 -08 -1.8 2432 6.0

G59 272 885 039  0.28387 0.0034 43521 0.0598 0.1076 0.0007 1635.1 34.0 17033 223 1759.5 17.6 4.0 7.1 1759.5 17.6
G60 104 448 039 02191 0.0026 2.6659 0.0444 0.0874 0.0008 1277.3 27.8 1319.1 220 1370.2 19.8 3.2 6.8 13702 19.8
Go61 44 504 1.07  0.0696 0.0009 0.5431 0.0094 0.0557 0.0007 4334 102 4405 122 4404 15.1 1.6 1.6 4334 102
G62 37 582 0.18  0.0654 0.0008 0.5587 0.0091 0.0615 0.0007 4083 9.6 450.7 119 6582 17.1 9.4 38.0 4083 9.6

G63 31 420 0.63  0.0659 0.0008 0.5180 0.0106 0.0556 0.0009 4114 10.0 4238 13.7 4352 175 2.9 5.5 4114 10.0
G64 16 229 038  0.0661 0.0008 0.4936 0.0109 0.0546 0.0009 4128 102 4073 144 3959 177 -1.3 -4.3 4128 102

G65 290 1444  0.46 0.1881 0.0022 2.0468 0.0268 0.0775 0.0005 1111.2 24.0 11312 183 11338 154 1.8 2.0 1133.8 154



Table 4
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No. (ppm) Th/U | 206/238 +s.e. 207/235 xs.e. 207/206 xs.e. [206/238 +2s 207/235 +2s 207/206 =+2s |207/235) 207/206) (Ma)  *2s
G66 27 349 036  0.0739 0.0009 0.6090 0.0108 0.0599 0.0008 459.5 10.9 4829 135 6014 177 48 23.6 459.5 109
G67 173 1003 0.18  0.1752 0.0021 1.8895 0.0260 0.0779 0.0006 1040.7 22.7 1077.4 183 11430 163 34 9.0 1143.0 16.3
G68 42 232 047  0.1696 0.0021 1.6689 0.0289 0.0724 0.0007 1010.1 22.6 996.8 202 9983 194  -13 -1.2 9983 194
G69 28 217 205 0.0851 0.0011 0.6946 0.0154 0.0590 0.0010 5263 130 5356 174 5686 20.8 1.7 7.4 5263 13.0
G70 182 2280 0.66  0.0730 0.0009 0.6202 0.0087 0.0602 0.0005 4543 103 490.0 11.0 610.1 140 7.3 255 4543 103
G71 186 494 053  0.3374 0.0040 6.0664 0.0897 0.1306 0.0009 1874.0 385 19854 239 21059 18.8 5.6 11.0 21059 188
G72 41 237 050  0.1622 0.0020 1.6825 0.0340 0.0725 0.0009 968.8 223 1001.9 222 9994 224 33 3.1 9994 224
G73 163 885 006  0.1929 0.0023 2.1831 0.0304 0.0822 0.0006 1136.8 24.6 11757 194 1249.1 16.9 33 9.0 1249.1 169
G74 65 379 0.65  0.1530 0.0019 1.5487 0.0269 0.0721 0.0008 917.5 20.7 9500 195 987.6 19.5 34 7.1 987.6  19.5
G75 6 111 1.31  0.0413 0.0006 0.3201 0.0116 0.0558 0.0018 260.9 7.9 2820 17.6 4456 29.8 7.5 41.5 2609 79
G76 320 934 083  0.2879 0.0034 4.1761 0.0615 0.1055 0.0008 1631.1 34.1 16693 22.7 17232 183 2.3 5.3 17232 183
G771 62 401 0.75 0.1341 0.0016 1.2180 0.0199 0.0659 0.0007 811.2 183 8089 17.4 8029 175 0.3 -1.0 811.2 183
G78 36 483 030  0.0736  0.0009 0.5617 0.0095 0.0556 0.0007 457.7 10.7 452.6 124 4348 148 -1.1 -5.3 4577  10.7
G79 89 455 035  0.1896 0.0023 2.0360 0.0302 0.0781 0.0006 1119.1 244 1127.6 19.6 1148.1 17.5 0.8 2.5 1148.1 175
G80 31 459 022 0.0678 0.0009 0.5419 0.0116 0.0586 0.0010 422.6 104 439.7 149 5515 203 3.9 234 4226 104
G81 14 312 038  0.0432 0.0006 0.3373 0.0070 0.0567 0.0009 2723 6.8 2951 107 479.1 19.1 7.7 43.2 2723 6.8
G82 76 123 1.04  0.4736 0.0058 10.3344 0.2163 0.1623 0.0014 24993 50.7 24652 27.6 2480.1 222  -14 0.8 2480.1 222
G83 703 1156  0.69  0.5043 0.0059 12.5393 0.1689 0.1793 0.0011 2632.3 50.7 26457 249 26467 17.9 0.5 0.5 2646.7 179
G84 108 714 023  0.1500 0.0018 1.4607 0.0222 0.0701 0.0006 9012 20.1 9143 17.7 929.8 170 1.4 3.1 9298 17.0
G85 18 329 022 0.0554 0.0007 0.4100 0.0094 0.0551 0.0010 3474 88 3489 136 4147 190 0.4 16.2 3474 88
G86 27 169 .11 0.1250 0.0016 1.1528 0.0272 0.0648 0.0011 759.3 185 778.6 223 7688 240 2.5 1.2 7593 185
G87 194 1264 021  0.1549 0.0018 1.4889 0.0210 0.0702 0.0005 928.4 204 9259 172 9342 158 -0.3 0.6 9342 158
G88 127 413 032 02935 0.0035 4.4562 0.0726 0.1085 0.0009 1659.0 35.0 17229 237 17739 19.7 3.7 6.5 1773.9 197
G89 292 1741  0.78  0.1433 0.0017 1.4405 0.0188 0.0723 0.0005 8634 189 9059 162 993.6 150 4.7 13.1 863.4  18.9
G 128 675 046  0.1765 0.0021 2.0078 0.0304 0.0807 0.0007 1047.7 23.0 11181 195 12149 18.1 6.3 13.8 12149 18.1
G91 68 1036 0.17  0.0688 0.0008 0.5895 0.0095 0.0611 0.0007 429.1 10.0 470.5 12.1 643.8 16.8 8.8 333 429.1 100
G92 81 1789 094  0.0377 0.0005 0.2774 0.0043 0.0524 0.0006 2388 56 2436 7.0 3042 121 3.9 21.5 2388 5.6
G93 146 1308 0.61  0.1011 0.0012 0.8625 0.0132 0.0613 0.0006 6210 142 6315 143 6430 155 1.7 4.2 6210 142
G944 60 377 051  0.1467 0.0018 1.4601 0.0284 0.0708 0.0009 8822 204 9140 208 9522 216 35 7.4 8822 204
G95 200 1286 040  0.1477 0.0018 1.4747 0.0209 0.0708 0.0006 888.3 19.7 9200 170 951.6 16.0 3.5 6.7 888.3  19.7
G9% 163 836 020  0.1855 0.0022 1.9596 0.0275 0.0765 0.0006 1096.9 23.8 1101.8 18.8 11069 164 0.4 0.9 11069  16.4
G97 21 256 055  0.0747 0.0009 05770 0.0122 0.0560 0.0009 4644 11.3 462.6 152 450.8 18.1 -0.4 -3.0 4644 113
G98 46 502 005 00975 0.0012 0.8069 0.0137 0.0599 0.0007 599.6 13.9 600.7 150 5989 16.7 0.2 0.1 599.6 139
G99 25 335 045 0.0724 0.0009 0.5714 0.0115 0.0567 0.0009 4504 109 4589 144 4799 179 1.9 6.2 4504 109
G100 37 146 1.91  0.1672 0.0021 1.6809 0.0376 0.0724 0.0010 996.6 233 1001.3 240 9969 243 0.5 0.0 9969 243
G101 26 170 094  0.1227 0.0017 1.1283 0.0312 0.0694 0.0014 7459 19.1 7669 262 9095 30.1 2.7 18.0 7459  19.1
G102 73 396 085  0.1561 0.0026 1.5083 0.0621 0.0710 0.0010 9349 294 9338 270 9583 239 0.1 2.4 9583 239
G103 304 1958 049  0.1504 0.0017 1.5057 0.0312 0.0713 0.0014 903.0 18.6 9327 268 966.6 303 32 6.6 966.6  30.3

G104 89 1323 0.22 0.0686 0.0018 0.5695 0.0201 0.0594 0.0005 427.6 21.4 4577 198 5814 138 6.6 26.5 427.6 214



Table 4

Ratios Ages (Ma) % %
U concord. concord.

Gr. Pb  (ppm) Atomic (206/238 (206/238 Best Age

No. (ppm) Th/U | 206/238 +s.e. 207/235 xs.e. 207/206 xs.e. [206/238 +2s 207/235 +2s 207/206 =+2s |207/235) 207/206) (Ma)  *2s
GI0O5S 131 955 030  0.1352 0.0022 13121 0.0446 0.0712 0.0010 8175 248 &51.0 243 9637 232 39 15.2 817.5  24.8
G106 113 480  0.71  0.2058 0.0016 22312 0.0187 0.0808 0.0006 12064 17.1 11909 14.8 1217.6 164  -13 0.9 1217.6 164
G107 19 232 040  0.0796 0.0009 0.6205 0.0122 0.0558 0.0008 4934 10.5 4902 143 4440 171 -0.7 -11.1 4934 105
G108 16 211 0.44  0.0724 0.0020 0.5673 0.0266 0.0561 0.0006 450.6 234 4563 212 4563 145 1.2 1.3 450.6  23.4
G109 33 362 0.88  0.0757 0.0015 0.5911 0.0174 0.0554 0.0007 4705 175 4716 168 4272 14.6 0.2 -10.1 4705 175
G110 104 982  0.04  0.1134 0.0010 1.0415 0.0161 0.0665 0.0013 6923 11.5 7246 220 821.8 283 4.5 15.8 6923 115
GI11 213 593 040 03361 0.0009 6.1323 0.0117 0.1336 0.0008 1867.6 9.1 19949 11.7 2146.1 172 6.4 13.0 2146.1  17.2
G112 64 103 0.65 05231 0.0014 13.8736 0.0164 0.1998 0.0007 2712.1 11.5 2741.1 7.9 28246 12.6 1.1 4.0 28246 126
G113 1054 1779 0.16  0.5974 0.0040 25.4057 0.0931 0.3012 0.0010 3019.2 322 33239 144 34763 12.6 9.2 13.1 34763 12.6
G114 60 701 0.31  0.0836 0.0067 0.6886 0.3706 0.0593 0.0020 517.8 79.1 5320 709 577.0 354 2.7 10.3 5178 79.1
G115 79 1129 046  0.0655 0.0010 0.5147 0.0122 0.0566 0.0007 408.7 123 421.6 139 4740 162 3.0 13.8 408.7 123

G116 94 1543 0.57 0.0561 0.0039 0.4844 0.1039 0.0605 0.0011 3520 47.6 401.1 464 6229 225 12.2 43.5 3520 476



Table 5

Details Summary

Sample No. 14052705 Central age 54.5 £3.6 Ma

Irrad. No. GAR 60 Age dispersion 22.7 %

Position 0

Date 22/04/15 Pooled age 54.4 +2.6 Ma
Mean age 57.5 +£2.1 Ma

zeta (CNS) 338

zeta error 5 Chi squared 53.67 with 61 df

No. of grains 31 P(chi-sq) 73.61 %

Total Ni 2907 tr

Total Nd 4640 tr

rho-d (CN5) 1.674E+06 tr/cm®
mean rho-s 8.375E+05 tr/cm?
mean rho-i 4.091E+06 tr/cm?

mean U 30.6 ppm

Crystal Ng Ns rho-s Ni rho-i Ns/Ni U (ppm) Age (Ma) Error
1 16 20  9.019E+05 116 5.231E+06 0.1724  39.1 48.6 11.8
2 15 61 2.934E+06 261 1.255E+07 0.2337  93.7 65.8 9.4
3 10 15 1.082E+06 121 8.730E+06 0.1240  65.2 35.0 9.6
4 12 40  2.405E+06 107 6.433E+06 0.3738  48.0 104.9 19.5
5 18 9 3.608E+05 21 8.418E+05 0.4286 6.3 120.1 479
6 12 41 2.465E+06 158 9.500E+06 0.2595 70.9 73.0 12.8
7 18 29 1.162E+06 158 6.333E+06 0.1835 47.3 51.7 10.5
8 10 26 1.876E+06 97 6.999E+06 0.2680  52.3 75.4 16.7
9 21 5 1.718E4+05 28 9.620E+05 0.1786 7.2 50.3 24.4
10 20 11 3968E+05 83 2.994E+06 0.1325 224 374 12.0
11 9 12 9.620E+05 49 3.928E+06 0.2449 29.3 68.9 22.2
12 12 1 6.013E+04 11 6.614E+05 0.0909 4.9 25.7 26.8
13 30 44 1.058E+06 237 5.700E+06 0.1857 42.6 52.3 8.6
14 18 13 5211E+05 86 3.447E+06 0.1512 25.7 42.6 12.7
15 20 16  5.7772E+05 89 3.211E+06 0.1798  24.0 50.7 13.8
16 25 17  4.906E+05 110 3.175E+06 0.1545  23.7 43.6 11.4
17 14 30 1.546E+06 156 8.040E+06 0.1923  60.0 54.2 10.8
18 21 22 7.559E+05 92 3.161E+06 0.2391  23.6 67.3 16.0
19 36 4 8.017E+04 19 3.808E+05 0.2105 2.8 59.3 32.6
20 20 8 2.886E+05 28 1.010E+06 0.2857 7.5 80.3 322
21 8 21 1.894E+06 64 5.772E+06 0.3281  43.1 92.2 23.2
22 16 11 4960E+05 82 3.698E+06 0.1341 27.6 37.8 12.2
23 18 10  4.008E+05 57 2.285E+06 0.1754 17.1 494 17.0
24 18 28 1.122E+06 226 9.059E+06 0.1239  67.6 35.0 7.0
25 30 13 3.127E+05 92 2213E+06 0.1413 16.5 39.9 11.8
26 40 4 7215E+04 11 1.984E+05 0.3636 1.5 102.1 59.6
27 40 10 1.804E+05 116 2.092E+06 0.0862 15.6 24.3 8.0
28 32 9 2.029E+05 58 1.308E+06 0.1552 9.8 43.8 15.7
29 25 15 4329E+05 73 2.107E+06 0.2055 15.7 57.9 16.4
30 12 11 6.614E+05 71 4.269E+06 0.1549 319 43.7 14.2

31 40 5 9.019E+04 30 5.411E+05 0.1667 4.0 47.0 22.7



Table 6

Production rate including topographic shielding

“Be Production Rate

AMS-measured Analytical (10) nucleogenic stopped muons fast muons "“Be Error Denudation  Error 1 Total Error 2 Apparent
Sample "“Be/’Be ratio uncertainty (%) (atoms/g*yr) (atoms/g*yr) (atoms/g*yr) (atoms/g,) (atoms/g,) Rate (mm/kyr) (mm/kyr) (mm/kyr) age (kyr BP)
12061807 5.52 x10°" 3.92 3.176 0.114 0.081 9.55E+04  3.82E+03 35.7 1.5 2.8 28.5
12061807-Carbonate corrected 2.749 0.088 0.067 29.5 1.3 2.4 33.2

Note that for the carbonate correction, the production rate was set to zero for DEM pixels covered by Devonian carbonate lithology.



Table 7

Equivalent . . . i i
Sample  Numberof o, pe Overdispersion DoseRate OSLALE Depth  Grain M0 gy 0o ) R pmy
number  aliquots’ Gy (%)* (Gy/ka) (ka)’ (m) size (um) H,0 (%) (Gy/ka)'
12061803 21 (38) 0.84+0.21 58.9 +21.7 2.61 £0.15 0.32+0.09 1 90-180 9.4 2.5+0.2  13.8+1.2 1.17+0.03 69.5£2.8 0.14+0.01
12061804 19 (35) 0.40 +£0.35 108.0 £ 31.7 2.61+£0.16 0.15%0.14 5 125-212 8.9 4.0+0.3 14.1x1.3 0.86+0.02 47.1x1.9 0.08+0.01
12061706 23(28) 23.99 +1.79% 13.1+3.5 2.81+0.16 8.55+1.08 4 90-180 10.6 2.3+0.2  12.5+1.1 1.60+0.04 101.5+4.1 0.10+0.01
12061707  20(28) 2175+ 174> 10743  295+0.17 736096 8 90-180 9.8 31202 13.1+1.2  1.54+0.04 97.843.9 0.06+0.01
12061709 20 (41) 1.77 £0.58 53.6 +10.3 324 +0.19 0.55+0.19 4 90-180 11.9 2.6+0.2 12.8+1.2 2.03x0.05 124.0+5.0 0.09+0.01

1 Number of aliquots used for age calculation, number of aliquots measured in parentheses. Rejection of aliquots follows standard rejection criteria
2 De calculated using the Central Age Model of Galbraith et al (1999); Excel macros written by Sébastien Huot (UQAM). Error on De is 2-sigma standard error.
3 De calculated using the Minimum Age Model of Galbraith et al (1999) unless otherwise noted; Excel macros written by Sébastien Huot (UQAM).

4 Overdispersion represents scatter in De beyond calculated uncertainties in data, OD >20% is considered significant.
5 Error on age is 2-sigma standard error.

6 Assume 3+3%wt H20 is representative of burial history.

7 Contribution of cosmic radiation to the dose rate was calculated by using sample depth, elevation, and longitude/latitude following Prescott and Hutton (1994).





