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Abstract

Eleven zircon grains extracted from a sample of the Mewstone Granite yielded a best estimate age of 495.6 +
5.2 Ma (Cambrian: Furongian), based on *4U/%Pb (LA-ICPMS) with correction for common lead. The age is
within error of that of the similar South West Cape Granite. Both bodies are coeval with several other western
Tasmanian sub-volcanic granites that were emplaced during the waning phase of Mt Read Volcanics magmatism.
They differ from them in their more peraluminous “S-type” composition and may represent a more distal phase
of that magmatism, in which granitic magmas assimilated sedimentary material as they were emplaced into the
adjacent Proterozoic basement.
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1.0 INTRODUCTION

The Mewstone Granite is one of three small bodies of
outcropping granite in far southwest Tasmania (Fig. 1).
It forms the Mewstone (Fig. 2), a small (~13 ha) is-
land which rises steeply to about 150 m asl, located 22
km south of the nearest point on the Tasmanian main-
land and 12 km SE of Maatsuyker Island (43°44°18°S,
146°22°22”°E). Black et al. (2005) showed that the oth-
er bodies, the South West Cape Granite and Cox Bight
Granite, are Cambrian and Devonian in age respective-
ly, but the granite composing the Mewstone has not
previously been dated. The main purpose of this report
is to document a U-Pb age obtained from zircon from
the Mewstone. Petrographic and geochemical data are
also presented and compared with those from other
southwest Tasmanian granites.

2.0 PREVIOUS WORK

The geology and geomorphology of the Mewstone
have previously been described by Banks (1993) and
its topography and limited biota are most recently de-
scribed by Brothers et al. (2001).

Banks (1993) examined rock specimens and photo-
graphs and noted that the island and several nearby
islets and stacks are composed entirely of granite, char-
acterised by closely spaced (<1 m) jointing (Fig. 3). He
described in detail four specimens of granite and two
of quartz veins. The granite is “medium-light grey (N6)
with a few quartz and feldspar grains up to 7 mm long,
in a finer-grained groundmass. .. In thin section, quartz,
K-feldspar [microcline], plagioclase [albite], microp-
erthite and rosettes and crystals of muscovite can be
recognised.... Graphic intergrowth (cuneiform texture)
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Figure. 3. Detail of granite outcrop, the Mewstone. Note close-spaced vertical jointing. (Photo: Micah Visoiu)




of quartz and feldspar is common, in places spectac-
ular.” Tourmaline, sometimes with inclusions of rutile
and possibly ilmenite, and greenish biotite were report-
ed in some sections. Cavities lined successively with
feldspar, quartz and phosphate, veins of quartz and/or
phosphate, and a surface film probably also of phos-
phate, were also noted.

3.0 PETROGRAPHY

Three samples (70937, 66272B and 66270) of granite
and another (66273B) of a quartz vein were borrowed
from the collection of the Geology Department (now
School of Natural Sciences), University of Tasmania.

Three new thin sections of the sample (70937) used for
dating were prepared in the Mineral Resources Tasma-
nia (MRT) laboratories. They consist of a + equigranu-
lar mosaic of clear quartz anhedra (mostly 400 pm — 1
mm with a few grains up to 2.5 mm, and one of 7 mm)
and turbid anhedra and subhedra of partly sericitized
alkali feldspar of similar dimensions (Fig. 4). Textures
and twinning of feldspar is partly obscured by alter-
ation, but microperthitic intergrowths are common and
albite and, less commonly, microcline twinning can be
recognised (Fig. 5). There are small interstitial patches
of micrographic quartz-feldspar intergrowths, and fine-
grained colourless muscovite (<<l %). Rare, ragged
flakes of biotite (< 500 um) retain some pleochroism
(grey-brown to colourless) in places, but are largely
altered to a turbid aggregate of muscovite and finely
acicular opaques.

Another sample (66272B) is similar, although with a
greater volume (1 — 2 vol%) of muscovite which forms
interstitial rosettes between feldspar grains (Fig. 6).
Micrographic quartz feldspar intergrowths are particu-
larly well-developed (Figs. 6, 7). Sample 66270 is sim-
ilar, with better preserved twinning of feldspars, and
possible pseudomorphs after biotite, replaced by very
fine-grained pale brown sericite.

Minute grains of possible chalcopyrite were noted in
the coarser-grained quartz-rich vein rock (66273B).

Zircons (< 40 pum) are present in several samples and
separation and analysis (by LA-ICPMS) of these grains
provided a means of dating this body.

4.0 GEOCHEMISTRY

An off-cut of the dated sample (70937) was analysed
in the MRT laboratories using standard X-ray fluores-
cence (XRF) techniques for both major and trace ele-
ments, with Fe,O,/FeO determined by KMnO, titration.
Some of the remaining powder was also analysed by
XRF at Geoscience Australia, where trace elements
were also determined by inductively coupled plasma

mass spectroscopy (ICPMS). Results from the various
labs and methods are in excellent agreement (Table 1;
Appendix 1).

The sample is a very felsic, quite peraluminous granite
with very low MgO (0.07%), CaO (0.06%) and TiO,
(0.10%). This, together with high Rb (311 ppm) and
low Sr (13 ppm) and Ba (29 ppm), consistent with feld-
spar fractionation, indicates that it is a strongly frac-
tionated granite. It is also moderately peraluminous,
with ASI (Alumina Saturation Index) of ~1.16 — 1.22
(two analyses, Table 1; Appendix 1). In the terminology
of Chappell and White (1974, 1992), derived mainly
from Palacozoic granites from the Lachlan Fold Belt,
the Mewstone Granite is therefore an S-type (i.e. de-
rived from partial melting of a dominantly sedimenta-
ry protolith). Other features characteristic of strongly
fractionated S-types (e.g. Sawka et al., 1990; Chappell
& White, 1992; Wyborn & Chappell, 1998; Chappell,
1999) are high P,O, (0.39, 0.45%) and low levels of
Y, rare earth elements (REE), Th and most high field
strength elements. This is related to the greater solubil-
ity of phosphorus in strongly peraluminous melts (e.g.
Pichavant et al. 1992; Wolf & London 1994 ); apatite
crystallisation is delayed, bur REE-Y-Th phosphates
crystallise early, depleting the melt in these elements
(e.g. Montel, 1986).

Petrographic features, however, in particular the seric-
itization of feldspar, suggest the possible loss of some
CaO and Na,O due to alteration, which would increase
apparent ASI. The rock contains insufficient CaO to
account for all P,O, as apatite, and another phospho-
rus-bearing phase must be present. This situation has
been reported in the strongly peraluminous Interview
Suite of western Tasmania, in which the apatite crystals
have high Mn contents (Wyborn & Chappell, 1998). In
the Mewstone Granite, however, some of the excess
P,O, may be of organic origin, as Banks (1993) noted
phosphate in cavities and possibly surface films.

The chondrite normalised REE pattern of the Mewstone
Granite (Fig. 8) is characterised by nearly flat light- and
middle REE at relatively low levels (~10 x chondrite),
a large negative Eu anomaly, and strong depletion of
heavy REE (to less than chondrite for Yb). The convex
shape of the La-Ce-Pr-Nd and Gd-Tb-Ho-Er segments
can be attributed to the lanthanide tetrad effect, which
in this context suggests exchange of REE with a high
temperature aqueous fluid, i.e. hydrothermal alteration
(e.g. McLennan, 1994; Masuda et al., 1987). The ex-
treme negative Eu anomaly (Fig. 8) and non-chondritic
ratios of Y/Ho (~39) and Zr/Hf (~22.5) of the Mew-
stone Granite are also consistent with interaction with
a hydrothermal fluid. In this situation, in the final stages
of granite crystallisation, partitioning of trace elements

6
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Figure 4. Photomicrograph of sample 70937, field of view ~9.8 x 7.3 mm. a) Plane polarised light; quartz clear, sericitized feldspar brown. b) Crossed
nicols.




Figure 5. Photomicrograph of sample 70937, field of view ~4.6 x 3.4 mm. a) Plane polarised light. b) Crossed nicols; note twinning of feldspars and
interstitial muscovite (high birefringence).
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Figure 6. Photomicrograph of sample 66272B, field of view ~4.6 x 3.4 mm. a) Plane polarised light; note micrographic quartz-feldspar intergrowth (far
left) and radiating sheaves of muscovite (lower right). b) Crossed nicols.




Figure 7. Photomicrograph of sample 66272B, field of view ~1.9 x 1.4 mm. Detail of micrographic quartz-feldspar intergrowth. a) Plane polarised light.
b) Crossed nicols.
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Figure 8. Chondrite-normalised rare-earth element plots for the Mewstone Granite, with other southwest Tasmanian Cambrian granites and Devonian Cox
Bight Granite shown for comparison. C1 chondrite normalisation factors after O’Neill (2016).

is controlled by interaction with chemical complex-
es (possibly involving fluorine) in the aqueous fluid,
rather than the charge and ionic radii (“CHARAC”)
controls of magmatic systems (e.g. Bau 1996; Irber
1999).

5.0 GEOCHRONOLOGY

Banks (1993) did not suggest an age for The Mew-
stone Granite. The lack of foliation perhaps suggests
a post-Tabberabberan (i.e. Middle Devonian or
younger) age, but the mesoscopic appearance of the
granite is dissimilar to most Tasmanian Devonian
granites.

The nearest granites on the Tasmanian mainland are
the Cox Bight Granite and the South West Cape Gran-
ite. These had previously been dated by the Rb-Sr
method at 376 £ 10 Ma and 319 + 10 Ma respectively
(C. Brooks, letter to Department of Mines, 14th June
1971). However, the more robust U-Pb SHRIMP meth-
od on zircon yielded 369.9 + 2.5 Ma for the Cox Bight
Granite, and 497.8 £ 3.3 Ma for the South West Cape
Granite (Black et al. 2005). Whereas the ages obtained
by differing methods are within error for the Cox Bight
Granite, the much older Cambrian SHRIMP age for
the South West Cape Granite suggests later resetting of
the Rb-Sr system in this body. These contrasting Late
Devonian and Late Cambrian SHRIMP ages also
raised the question of the age of the Mewstone
Granite.

5.1 U-Th-Pb on monazite

An attempt was made to determine the age of the Mew-
stone Granite using the chemical isochron method
(CHIME) for monazite (e.g. Montel et al. 1996). This
requires the determination of the U, Th and Pb contents
from grains of magmatic monazite. If it can be assumed
that the monazite contained no initial (“common’) Pb
when it crystallized, and that no Pb has been lost from
the grain by secondary processes, all the Pb now pres-
ent must be derived from radioactive decay of Th and
U, and an age can be calculated for each grain.

Three polished thin sections (of samples 66272B,
66273B and 66270) were examined with the Cameca
Electron Microprobe at the University of Tasmania
(D. Steele, analyst). Attempts to identify magmat-
ic monazites were made using a back-scattered elec-
tron image, which highlights minerals of high average
atomic weight. Although numerous small (20-40 pm)
grains of Th-rich phosphates were identified, most are
irregular in shape, unlike typical magmatic monazites,
and all were atypically high in Ca, Y, and heavy rare
earth elements, depleted in light rare earths (especial-
ly La), and very low in Pb. Furthermore, some grains
contain sulphur and totals were usually low, suggesting
the presence of sulphate in addition to phosphate. It is
concluded that the grains are secondary Th-Ca-Y-REE
phosphates, probably derived from alteration of prima-
ry monazite. No meaningful age could be calculated,
because of the likelihood of Pb loss, and the possibility
of the presence of common Pb.

11



5.2 U-Pb on zircon

Eleven zircons extracted from sample 70937 were ana-
lysed by LA-ICPMS at the Central Science Laboratory,
University of Tasmania. Methods and standards are de-
scribed by Meffre & Thompson (2012). The analytical
spot size was 32um.

Measured isotopic ratios included ?°’Pb/**Pb, 2%°Pb/>3U
and 2%Pb/*?Th. Three grains showed evidence of the
presence of common Pb at the end of their analyses,
one showed evidence of Pb loss in the latter part of the
analysis, and a fifth grain showed both common Pb at
the beginning and possible Pb loss at the end of its anal-
ysis. Six grains showed no evidence for either common
Pb or Pb loss. Analytical results are given in Table 2
(Appendix 2).

Ages calculated from the 2°°Pb/>*®U ratio, using stan-
dard constants and uncorrected for common Pb, form a
tight cluster ranging from 487 + 5 to 507 + 5 Ma (+ 10).

On a concordia (Wetherill) plot of 2°Pb/?*U against
27Pb/?5U (Fig. 9), seven grains plot on or very close to
concordia, three show slight normal discordance (be-
low the line) and the grain with both common Pb and
possible Pb loss is more markedly discordant.

A similar pattern is seen on a reverse concordia
(Tera-Wasserburg) plot of 27Pb/2%Pb against ***U /**Pb
(Fig. 10). The seven more-or-less concordant grains
have (relatively imprecise) 2’Pb/?Pb ages of 485 + 29
to 544 + 31 Ma, and the discordant grains have older
207Pp/2%Ph ages ranging up to 1071 £ 78 Ma (+ 10o).

The *Pb/>?Th ages range from 354 + 15 Ma to 629
+ 13 Ma (£ lo), with a mean of ~487 = 6 Ma and a
weighted mean (1/d%) of ~484 Ma.

A better estimate of the age of sample 70937, however,
is considered to be obtainable from the 2*°Pb/**U ratios
after correction for discordance, which it is assumed is
due to the incorporation small amounts of common Pb
(with 2°’Pb/*Pb of ~0.87 at ~500 Ma) during crystalli-
sation of the zircons. For seven grains the correction is
almost negligible (< 1 Myr). The estimated age of three
grains is decreased by 2.1 to 4.5 Myr, whereas the age
of the most discordant grain is decreased by ~11 Myr.
The weighted (1/d*) mean age of the eleven grains is
495.2 £ 5.0 Ma (20) (Fig 11).

The best estimate of the age of sample 70937, although
not statistically different, is the lower intercept on Con-
cordia (Fig, 12), calculated using IsoplotR (Ludwig
2012;Vermeesch 2008), which is 495.6 £ 5.2 Ma (20).
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Figure 12. Reverse concordia plot of 27Pb/?Pb against 23U/**Pb, show-
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gives preferred age estimate for sample 70937. Plotted using Isoplot soft-
ware (Ludwig 2012, Vermeesch 2018).
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6.0 DISCUSSION AND CONCLUSION

This age is Cambrian (Furongian) according to the
most recent International Stratigraphic Chart (Cohen
et al. 2022), although it is well within error of the Fu-
rongian-Miaolingian boundary at ~497 Ma (i.e. Late
Cambrian- Early Cambrian of older terminology).

The Cambrian age of the Mewstone Granite precludes
any relationship to the Devonian Cox Bight Granite
(369.9 £ 2.5 Ma, U-Pb SHRIMP; Black et al., 2005),
despite some similarities in composition. However, it
is within error of the South West Cape Granite (497.8 +
3.3 Ma, U-Pb SHRIMP; Black et al. 2005). The South
West Cape Granite is also similar in its highly felsic,
strongly peraluminous composition. The Mewstone
Granite has lower CaO, Y and REE, slightly lower
Na,O, and higher K,O and PO, (Table 1; Appendix
1). The pattern displayed by the LREE and MREE has
some resemblance, at lower absolute levels, to that of
the Cambrian South West Cape Granite, but the HREE
(from Ho to Lu) are much more depleted (Fig. 8).
These differences reflect both the stronger fractionation
of the Mewstone Granite and the effects of hydrother-
mal alteration and possibly weathering.

Farther afield, similar but higher precision Cambrian
ages have been obtained from outcropping granites in
the Elliott Bay-Low Rocky Point area (Little Rocky
River Granite, 497.0 £ 0.6 Ma; Elliott Bay Granite,
497.7 £ 0.4 Ma) by the U-Pb chemical abrasion/ther-
mal ion mass spectroscopy method (Mortensen et al.
2015). The latter compares with a less precise U-Pb
SHRIMP age of 498.8 + 3.3 Ma (Black et al. 2005).
However, these granites are distinctly less peralumi-
nous (i.e. have lower ASI) than either the Mewstone or
South West Cape Granites, and the Elliott Bay Granite
in particular appears to be less fractionated, with lower
Rb and higher Sr, Ba and Zr (Table 1; Appendix 1). In
the I/S granite classification, the Elliott Bay and Lit-
tle Rocky River Granites would be termed I-types (i.e.
derived from a predominantly igneous or infracrustal
protolith).

It is probably significant that the South West Cape Gran-
ite intrudes the much older Mesoproterozoic metased-
imentary rocks of the Tyennan Region, whereas the
Elliott Bay and Little Rocky River Granites (together
with other Cambrian granites further north such as the
Murchison and Darwin Granites) have intruded Cam-
brian volcanic sequences (Mt Read Volcanics, mainly
the Eastern Quartz-phyric Sequence) of the “Dundas
Trough”, which are not much older (~498 — 502 Ma)
than the granites themselves (Mortensen et al., 2015;
Vicary et al., 2015). The country rock of the Mewstone
Granite is unknown, but it lies well to the east of the
southward extrapolation of the Mt Read Volcanics and
Dundas Trough.

In a wider tectonic context, the Proterozoic sedimen-
tary rocks of the western Tasmanian microcontinent
(Tyennan region) probably collided with an east-dip-
ping oceanic arc at ~506 Ma (Miaolingian, i.e. Middle
Cambrian) resulting in westward obduction of ocean-
ic sediments, mafic volcanics and complementary cu-
mulates (e.g. Berry & Crawford, 1988; Berry, 2014).
Post-collisional uplift of the Tyennan Region was ac-
companied by felsic volcanism (Mt Read Volcanics),
peaking at ~500 Ma (e.g. Mortensen et al., 2015). The
waning stages of this volcanism (Tyndall Group and
correlates) continued until ~493 Ma and were accom-
panied by intrusion of sub-volcanic granites, mainly
into the young volcanic pile (Mortensen et al., 2015;
Vicary et al., 2015).

The Mewstone and South West Cape Granites may
present a distal phase of this plutonism, in which relat-
ed arc-granite magmas, contaminated by assimilation
of old sedimentary material, were emplaced into the
adjacent uplifted Proterozoic rocks of the old continen-
tal basement. However, the precision of the dates from
both bodies is insufficient to constrain the exact timing
of events.
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Table 1. Whole rock analyses of the Mewstone Granite and other southwest Tasmanian granites.

Mewstone Granite South West Cape Granite

Field No. - - - SW37 SW37 SW36 Sw48 SWC1 SWC2 SWC3

Reg No 70937 70937 70937 RO11515 RO11515 RO11521 RO11523 R004453 R004454 R004455

lab MRT GA GA GA MRT MRT MRT MRT MRT MRT

Anal No. 20040125 1950965 1950965 2002220086  [20030076 20030079 20030080 20010183 20010184 20010185

Si0, (%) 76.53 75.77 77.16 76.37 75.30 75.89 75.83 76.42 75.54

Tio, 0.10 0.10 0.15 0.10 0.07 0.08 0.12 0.08 0.07

AlLO, 12.43 12.45 13.10 12.94 13.69 13.26 13.17 12.99 13.53

Fe,0, 0.63 1.19 0.07 0.29 0.36 0.41 0.03 0.29 0.26

FeO 0.58 nd 1.00 0.97 0.97 0.71 1.35 0.77 0.70

MnO 0.00 <0.005 0.03 0.03 0.01 0.03 0.03 0.03 0.02

MgO 0.01 0.07 0.20 0.12 0.05 0.09 0.29 0.24 0.17

CaO 0.09 0.06 0.37 0.35 0.24 0.34 0.49 0.21 0.42

Na,0 2.30 2.68 3.02 291 3.00 2.94 2.98 2.54 3.25

K,0 5.77 5.70 4.74 4.77 5.13 5.15 4.60 5.58 491

P,0, 0.39 0.45 0.11 0.06 0.14 0.06 0.09 0.06 0.18

SO, 0.01 0.02 0.03 0.00 0.01 0.00 0.03 0.02 0.02

LOI 143 0.03

O Equiv -0.03

Rest 0.07

co2 0.07 0.10 0.10 0.08 0.14 0.14 0.05

H20+ 0.81 0.61 0.72 0.63 0.72 0.60 0.70

Total 99.71 99.93 100.07 99.62 99.79 99.66 99.86 99.98 99.80

MLOI Cale 0.82 -0.099 0.60 0.71 0.63 0.71 0.66 0.77

FeOtot 1.15 1.07 1.06 1.23 1.30 1.08 1.38 1.03 0.93

ASI 1.219 1.164 1.218 1.222 1.254 1.202 1.223 1.225 1.185
(ICPMS)

Be (ppm) 1.2 4.9

F 723

Sc <9 1 1 6 <9 <9 <9 <9 <9 <9

v <5 <1 1.6 5 6 5 <5 0 13 11

Cr 5 5 <2 <5 8 10 <5 <5 <5

Co <8 <1 0.6 nd <8 <8 <8 <8 <8 <8

Ni 5 3 15.0 9 6 5 5 <5 <5 5

Cu 7 4 4.2 4 8 5 5 5

Zn 23 27 253 26 15 23 15 18 12 19

Ga 19 204 20.8 18 17 20 18 16 16 20

Ge 1.6 23

As <20 2.4 1.4 0.6 <20 <20 <20 <20 <20 <20

Rb 310 310.8 310.6 337.2 340 440 320 250 290 420

Sr 10 14.1 132 31.2 16 8 16 32 14 9

Y 18 14 11.3 25.8 32 33 32 31 27 28

Zr 63 69 63.6 55 55 45 58 72 67 45

Nb 14 16 16.3 11.6 8 14 8 9 8 15

Mo <5 2 22 0.9 <5 <5 <5 <5 <5 <5

Ag <0.6 0.03

Cd <0.02 0.17

Sn <9 6.8 7 19 <9 <9 <9 <9 <9

Sb <0.8 0.2

Cs 5 55 13.04

Ba 32 27 293 66 82 40 87 135 <23 36

La <5 3.06 11.36 <20 <20 <20 <20 <20 <20

Ce <8 8.9 26.98 <28 <28 30 29 <28 <28

Pr 1.17 3.06

Nd 8 4.31 12.87 <20 <20 <20 <20 <20 <20

Sm 1.78 3.67

Eu <0.02 0.166

Gd 2.08 3.66

Tb 0.47 0.85

Dy 245 4.98

Ho 0.28 0.95

Er 0.44 2.52

Yb 0.14 272

Lu <0.01 0.44

Hf 2.83 2.6

Ta 1.14 25

W <10 8 3.1 16 <10 <10 <10 <10 <10

Pb 12 16 15.1 20.9 18 21 22 22 19 19

Bi <5 <1 0.25 0.1 <5 <5 <5 <5 <5 <5

Th <10 9 8.8 8.7 <10 <10 <10 <10 <10 <10

U <10 2.8 2.26 2.98 <10 <10 <10 <10 <10 <10

FeO,, is total iron expressed as FeO
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Cox Bight Granite Elliott Bay Granite L Rocky R
Field No. CXB4 CXB4 CXB1 CXB2 SW6l1 SWél1 SW62
Reg No RO11514 RO11514 R004456 R004457 RO11516 RO11516 R0011517
lab GA MRT MRT MRT GA MRT MRT
Anal No. 2002220085 20030075 20010186 20010187 2002220087 20030077 20030078
Si02 (%) 75.10 74.18 74.03 76.09 75.63 75.41 77.45
Tio, 0.22 0.19 0.20 0.11 0.24 0.20 0.12
ALO, 13.83 13.96 14.04 13.37 12.91 12.75 11.84
Fe,0, 0.26 0.391 0.20 0.20 1.11 0.96 0.59
FeO 1.00 1.29 1.47 0.45 0.73 0.90 0.58
MnO 0.06 0.07 0.07 0.03 0.02 0.01 0.01
MgO 0.39 0.51 0.55 0.28 0.29 0.23 0.03
Ca0O 1.13 1.15 1.14 0.43 1.16 1.11 0.24
Na,0 3.58 3.67 3.80 3.18 297 2.96 2.29
K,0 3.86 3.69 3.47 4.92 4.61 4.49 5.97
PO, 0.07 0.04 0.07 0.05 0.06 0.01 0.00
S03 0.04 0.01 0.02 0.02 0.03 0.01 0.01
LOI 0.42 0.13

O Equiv -0.03 -0.02

Rest 0.10 0.18

co, 0.08 0.11 0.19 0.09 0.09
H20+ 0.64 0.68 0.58 0.60 0.58
Total 100.06 99.86 99.84 99.90 100.05 99.74 99.79
MLOI Calculate 0.282 0.57 0.62 0.72 0.027 0.59 0.60
FeOtot 1.23 1.64 1.65 0.63 1.73 1.76 111
ASI 1.142 1.151 1.163 1.180 1.077 1.084 1.110
Be (ppm) 10.6 2.7

F 579 415

Se 7 <9 <9 <9 6 <9 <9

v 14 16 22 17 13 16 <5
Cr 6 11 <5 <5 <2 12 9

Co <8 <8 <8 <8 <8
Ni 14 6 6 5 12 6 6

Cu 5 8 6 15 6 10 20
Zn 35 34 36 8 20 10 6

Ga 18 18 18 17 14.5 15 15
Ge 2.7 1.5

As 1.6 <20 <20 <20 0.8 <20 <20
Rb 446.7 460 430 380 142.7 135 310
Sr 66.1 56 56 24 138.6 130 24

Y 73.1 100 99 83 374 44 74
Zr 86 105 100 74 175 145 135
Nb 15.4 16 18 13 17.3 15 27
Mo 1.1 <5 <5 <5 2.9 <5 6

Ag 0.03 0.03

Cd <0.1 0.14

Sn 19.8 21 13 9 25 13 <9
Sb 0.2 0.2

Cs 30.41 1.09

Ba 160 175 170 97 939 970 93
La 9.26 <20 <20 <20 34.52 <20 46
Ce 20.72 <28 30 <28 74.4 <20 95
Pr 2.38 7.76 32
Nd 11.1 <20 <20 <20 32.81 <20

Sm 4.11 6.96

Eu 288 1610

Gd 6.75 6.24

Tb 1.69 1.09

Dy 11.18 6.4

Ho 2.49 1.4

Er 7.26 3.78

Yb 7.74 3.94

Lu 1.27 0.68

Hf 38 6

Ta 4.9 1.4

w <10 <10 <10 <10 <10
Pb 37.9 36 29 40 5.8 <10 <10
Bi 2.5 <5 <5 10 -0.1 <5 <5
Th 14.2 18 16 23 30.7 21 46

U 7.2 11 10 15 4.75 <10 30

FeO,, is total iron expressed as FeO
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IC

Table 2. Geochronological data, LA-ICPMS analyses of zircon grains.

Sample 70937 Ages

207cor 2**Pb/?$U 26ph/28Y 285Pb/*?Th 27Pb/2*Ph 26ph/28Y
Session Analysis No. age (Ma) +1 SE age (Ma) +1 SE age (Ma) +1 SE age (Ma) +1 SE ratio +RSE Comment
2013-309 JL23B032 32 486.49 4.90 487.30 4.99 466.3 9.3 539.7 29.0 0.0785 1.0% ok
2013-309 JL23B027 27 486.63 5.94 497.36 5.93 458.1 17.3 1070.5 78.0 0.0802 1.2% common Pb @ beginning, Pb loss @ end?
2013-309 JL23B026 26 488.23 5.55 488.83 5.65 354.5 14.6 528.1 39.6 0.0788 1.2% Pb loss in 2nd half
2013-309 JL23B033 33 488.47 4.47 493.00 4.59 629.3 12.8 764.1 25.1 0.0795 0.9% ok
2013-309 JL23B028 28 488.48 5.18 489.33 5.29 507.1 10.4 5443 30.5 0.0789 1.1% ok
2013-309 JL23B031 31 495.97 4.64 495.97 4.72 510.5 12.1 484.9 292 0.0800 1.0% ok
2013-309 JL23B034 34 496.71 5.39 498.86 5.51 542.9 14.9 630.8 312 0.0805 1.1% common Pb @ end
2013-309 JL23B035 35 499.45 5.68 500.44 5.80 421.7 10.7 562.9 285 0.0807 1.2% Common Pb @ end
2013-309 JL23B025 25 502.07 5.21 504.51 5.33 530.1 132 652.0 320 0.0814 1.1% common Pb @ end
2013-309 JL23B030 30 504.65 4.84 504.65 4.94 5104 11.4 502.2 26.7 0.0814 1.0% ok
2013-309 JL23B036 36 506.37 4.58 506.80 4.67 424.0 10.3 533.6 26.3 0.0818 0.9% ok

Ratios

25Pb/*Th 27Ph/?Ph 28Y/25Ph 206/207 common Pb
Session Analysis No. ratio +RSE ratio +1 SE %SE ratio +1 SE at age of zircon
2013-309 JL23B032 32 0.0233 2.0% 0.0583 0.0008 1.3% 12.74 0.13 0.869
2013-309 JL23B027 27 0.0229 3.8% 0.0751 0.0029 3.9% 12.47 0.15 0.870
2013-309 JL23B026 26 0.0177 4.1% 0.0580 0.0010 1.8% 12.69 0.15 0.869
2013-309 JL23B033 33 0.0316 2.0% 0.0647 0.0008 1.2% 12.58 0.12 0.869
2013-309 JL23B028 28 0.0254 2.1% 0.0584 0.0008 1.4% 12.68 0.14 0.869
2013-309 JL23B031 31 0.0256 2.4% 0.0568 0.0008 1.3% 12.50 0.12 0.869
2013-309 JL23B034 34 0.0272 2.7% 0.0608 0.0009 1.5% 12.43 0.14 0.870
2013-309 JL23B035 35 0.0211 2.5% 0.0589 0.0008 1.3% 12.39 0.14 0.870
2013-309 JL23B025 25 0.0266 2.5% 0.0614 0.0009 1.5% 12.28 0.13 0.870
2013-309 JL23B030 30 0.0256 2.2% 0.0573 0.0007 1.2% 12.28 0.12 0.870
2013-309 JL23B036 36 0.0212 2.4% 0.0581 0.0007 1.2% 12.23 0.11 0.870

Element (ppm)

24Ph 2Ph 2Ph 25Ph *2Th =y “Ti SFe SHf
Session Analysis No. ppm ppm ppm ppm ppm ppm ppm ppm ppm
2013-309 JL23B032 32 0.00 43.99 2.56 1.70 73.29 574.25 41.02 483.62 14913
2013-309 JL23B027 27 0.06 59.09 4.26 4.60 205.33 765.85 253.86 317.29 14885
2013-309 JL23B026 26 0.02 47.05 2.74 1.70 105.44 654.62 5.98 331.72 15932
2013-309 JL23B033 33 0.06 64.22 4.15 3.14 101.25 832.11 4.90 169.00 15357
2013-309 JL23B028 28 0.00 32.51 1.88 1.61 65.32 428.69 7.10 5.26 14689
2013-309 JL23B031 31 0.00 4531 2.57 1.26 49.96 582.85 7.54 95.77 15544
2013-309 JL23B034 34 0.01 67.25 4.10 2.57 99.04 900.84 27.21 893.68 16073
2013-309 JL23B035 35 0.02 59.29 3.51 2.75 137.99 786.03 6.43 82.18 15422
2013-309 JL23B025 25 0.00 44.84 2.78 235 88.07 571.75 6.57 4.03 14772
2013-309 JL23B030 30 0.00 46.28 2.63 1.38 54.99 583.68 3.56 2.96 15860
2013-309 JL23B036 36 0.00 60.93 3.54 1.59 75.08 768.69 6.14 11.80 15960
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