For Review Only

Terra Nova

[ THE BEUROPEAN JOURNAL OF GEOSCIEMCES J

Long-lasting intracontinental strike-slip faulting; new
evidence from the Karakorum shear zone in the Himalayas.

Journal:

Terra Nova

Manuscript ID:

TER-2010-0108.R1

Wiley - Manuscript type:

Paper

Date Submitted by the
Author:

n/a

Complete List of Authors:

Leloup, Philippe; CNRS, Laboratoire des sciences de la terre
boutonnet, emmanuelle; Université Lyon 1, laboratoire des sciences
de la terre

Davis, bill; Geological Survey of Canada, ESS/GSC-CNCB/GSC-
CC/GEOCHRON

Hattori, Keiko; University of Ottawa

Keywords:

Strike-slip fault, Magmatism, Geochronology, Deformation,
Karakorum

SCHOLARONE™
Manuscripts




Page 1 of 18

[EE—

— O 00NN AW N

For Review Only

Long-lasting intracontinental strike-slip faulting; new evidence from the
Karakorum shear zone in the Himalayas.

Running head: Long lasting activity of the Karakorum fault.
P.H. Leloupl, E. Boutonnet', W.J. Davis®, K. Hattori".

1 L.S.T. UMR CNRS 5570, Université Lyon 1, France.

tel: [33] (0)4 72 44 62 38 ; fax: [33] (0)4 72 44 85 93 ; Email: herve.leloup@univ-lyonl .fr
2 ESS/GSC-CNCB/GSC-CC/GEOCHRON, Geological Survey of Canada.

3 Department of Earth Sciences, University of Ottawa, Canada.



12

13

14
15
16
17
18
19
20
21
22

23

24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43

For Review Only Page 2 of 18

Abstract

Zircon crystallization ages for a syntectonic granite and an associated dyke along the
Tangtse strand of the Karakorum fault are of 18.5 £0.2 Ma and 18.6+0.2 Ma, respectively. A
dyke crosscutting the foliation in the Karakorum shear zone yield an age of 16.0 + 0.6 Ma.
These data show that the Karakorum shear zone was associated with significant granitic
magmatism and was active before 16 Ma, since at least ~18.5 Ma. Considering other data along
the Karakorum fault, the fault is most likely active since ~22.7 to 25 Ma at a rate of § to 13
mm/yr. This study conducted in the frontal part of the Himalayan orogen shows that large
continental strike-slip faults can be linked with magmatism, and be stable for more than 20 Ma,

even in the hottest part of orogens where strain localisation is supposed to be minimum.

Introduction

The rate and lifespan of intra-continental strike-slip faults is the subject of a long-
standing debate. Some have suggested that such faults play a major role in the continental
deformation (e.g., Tapponnier et al., 1986; Tapponnier et al., 2001), whereas others consider
such faults as transient features accommodating limited deformation (e.g., England and
Houseman, 1986). In the India / Eurasia collision zone this debate has mostly focussed on the
late Holocene deformation rates along the main strike-slip faults, with some advocating for fast
strike-slip rates (e.g., Chevalier et al., 2005; M¢ériaux et al., 2005) and others for nearly
continuous deformation with minor faulting (e.g., Wallace et al., 2004; Wright et al., 2004;
Zhang et al., 2004). A complementary approach to the problem is to discuss the life span, total
amount of motion, and lithospheric or crustal nature of such faults over longer time scales of
several millions years. To this respect, the nature, life span and offset of the Karakorum shear
zone (Ksz) (Fig. la), have been lively discussed (e.g., Lacassin et al., 2004b). A related
discussion stands on the ability or not, of these faults to produce and /or channel melts towards
the surface (e.g., Hutton and Reavy, 1992; Leloup et al., 1999; Paterson and Schmidt, 1999).

The Karakorum Fault, is a more than 900km long strike-slip faults bounding Tibet to the
SE (KF; Fig. 1a; Fig. 2a). It has been suggested that the KF is active since ~ 23 Ma with
synkinematic magmatism occurring at that time in the North Ayilari range (NA in Fig. 2a)
(Lacassin et al., 2004a; Valli et al., 2008). On the other hand, Phillips et al. (2004) proposed that
200 km away along strike of the fault near Tangtse (T in Fig. 2a), deformation postdates

magmatism, starting after 15.7 Ma and lasting less than 2 Ma. This view, of a recent and short-
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lived ductile deformation, that appears to have been widely accepted (Ravikant, 2006; Phillips
and Searle, 2007; Rutter et al., 2007; Bhutani et al., 2009; Streule et al., 2009; Wang et al.,
2009) has important bearings on the continental collision history and mechanics. Here we
present data demonstrating that right-lateral deformation, that is still active today, started more
than 18 Ma ago near Tangtse, and suggesting that there are close spatial and temporal

relationships between strike-slip shearing and magmatism.

The Karakorum shear zone at Tangtse, relationships between magmatism

and deformation.

In Ladakh, the main geological units trend WNW-ESE and are deflected and offset by
the NW-SE right-lateral KF (Fig. 2a). The 120 km offset of the Indus River across the fault
(Gaudemer et al., 1989) (Fig. 2a) most likely corresponds to the fault motion since 16 to 12 Ma
ago (Valli et al., 2007). Correlations of geological units across the KF are not well established
and the total offset has been debated, with estimates ranging from no offset (Jain and Singh,
2008) to 1000km (Peltzer and Tapponnier, 1988). Searle et al. (1998) proposed a maximum
offset of 120—150 km by correlating the Baltoro and Tangtse granites (Fig. 2a). However, this
correlation, if correct, would only provide a minimum offset as the 15.55+0.74 Ma old (Phillips
et al., 2004) Tangtse granite is located between the two strands of the KFZ and postdate the KF
initiation (This study). The large-scale warping of the Lower Cretaceous Shyok — Shiquanhe
suture zone, the Cenozoic Indus — Tsangpo suture zone, and the Mesozoic Ladakh — Gangdese
Mesozoic calc-alkaline batholith suggests an offset of 200 (Ratschbacher et al., 1994) to 240 km
(Valli et al., 2008) (offset on Fig. 2a).

Near Tangtse (T, Fig. 2a), deformed plutonic, migmatitic and metamorphic rocks
including mylonites outcrop in the Pangong range (Fig. 1b). They exhibit a foliation trending
N131°, 84° SE on average with a stretching lineation dipping ~15° to the NW (Fig. 1b). These
rocks correspond to the ~8 km right-lateral Ksz (e.g., Searle et al., 1998; Rolland and Pécher,
2001; Phillips and Searle, 2007; Rolland et al., 2009), framed to the SW and NE by the Tangtse
and the Muglib mylonitic strands (Fig. 1b). Morphological evidence indicates active right-lateral
faulting along the Muglib strand (Brown et al., 2002). Note that the various authors give
different names to the geologic formations. We use the names given on Fig. 1.

Mylonitic marbles, calcsilicates and orthogneiss outcrop on the Tangtse strand of the
Ksz, around the Tangtse monastery (Fig. 1b). There, Phillips et al. (2004) obtained U/Pb ID-
TIMS zircon and Monazite ages of 15.63+0.52 Ma from a mylonitised leucocratic dyke (sample
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76  P11; Table Al; Fig. 1b) and 13.74+0.29 Ma from a cross-cutting dyke (sample P8). They
77  concluded that ductile deformation started after ~ 15.6 Ma and ceased prior to ~ 13.7 Ma. We
78  noted that the cross-cutting dyke is not ~5 km long as depicted by Searle and Phillips (2007),
79  but less than 5 m with two asymmetric tails compatible with right-lateral ductile deformation.
80  The fact that the dyke crosscut the foliation formed by right-lateral shear but is also affected by
81  that deformation implies that it is a synkinematic intrusion. Sample LA60 was taken from
82  another horizontal leucocratic dyke crosscutting the foliation trending N116 (Fig. 3f). Its
83  crystallization age will thus provide a minimum age for the onset of ductile deformation.

84 The South Tangtse granite (STG) outcropping at the southern margin of the Ksz (Fg. 1b)
85  shows a strong deformation gradient from the SW to the NE (Fig. 3). The STG contains large
86  crystals of K-feldspar, quartz and biotite, and is cut by leucocratic dykes. Both granite and dykes
87  are totally undeformed ~ 400 m south of the Tangtse stand of the Ksz. Towards the Ksz, a faint
88  steep magmatic foliation trending N130 to N105 is defined by the preferred orientation of large
89  K-feldspar crystals and mafic enclaves (Fig. 3c, d). Farther to the NE, both granite and
90  leucocratic dykes show a progressively stronger foliation, which becomes mylonitic trending
91 NI125, 70 SW (Fig. 3e), with a lineation dipping ~12° to the NW and right-lateral shear criteria.
92  NE of this outcrop all rocks are strongly deformed and locally contain thin mafic layers with a
93  foliation trending N110 to N130 and lineation close to horizontal (Fig. 1c). The evidence
94  presented in the STG including the progressive deformation increase towards the Ksz and the
95  occurrence of a magmatic foliation parallel to the Ksz and to the mylonitic foliation, is

96  diagnostic of a syntectonic intrusion that will provide a minimum age for deformation.

97  Emplacement ages of syntectonic granitoids in the Tangtse strand of the

98 Karakorum shear zone.

99 Zircon grains from samples LA20 (leucocratic dyke) and LA21 (granite) of the
100  undeformed part of the STG, as well as from sample LA60 were dated with the SHRIMP 1I at
101  the Geological Survey of Canada during two sessions. Analytical procedures and detailed
102  analysis of the data are given in appendix Al, a summary of the results in Table 1 and detailed
103 results in Table A2.

104 Zircons from sample LA21b show typical magmatic growth zoning in
105  cathodoluminescent images, with some grains showing high-U cores and the evidence of
106  resorption before re-growth (Fig. 4b). One core yield an age of 310+5 Ma (Carboniferous),
107 while 11 rim spots yield a lower intercept age of 18.5+0.2 Ma (MSWD = 2.07, common Pb
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anchored upper intercept) (Fig. 4b), which we consider as the best age approximation for these
rims, and for the granite final crystallization.

Zircon from an undeformed dyke (LA20) collected at the same location as LA21b
yielded very similar results. The zircon grains are euhedral, well zoned, with rare cores that are
partially resorbed (Fig. 4a). One core has an age of 25.6+0.3 Ma, while 17 rim analyses define a
regression line in a Tera-Wasserburg plot with a lower intercept at 18.61+0.25 Ma (Fig. 4a). The
results suggest the presence of a ~26 Ma inheritance and final magma crystallization at ~18.6
Ma, which is synchronous with the surrounding granite.

Zircons extracted from Sample LA60 are strongly metamict with exsolved uraninite (Fig.
4c), and show very high U contents from 2,900 to 12,700 ppm. For zircon with U contents >
2000 ppm ion probe analytical matrix effect may yield inaccurate old ages if uncorrected
(Williams and Hergt, 2000). Correction of such effect yields an age of 16.0 £ 0.6 Ma (6 meas.,
MSWD = 2.6 - 6 grains) (Fig. 4c). This age is, interpreted as the time of crystallisation of the
late dyke.

Deformation timing in the Karakorum shear zone and geodynamic

consequences.

Lower Miocene granitic rocks of the Ksz both in Tangtse and Ayilari span in age from
~25 to ~13 Ma, and have been interpreted to be syntectonic to right-lateral shearing (Valli et al.,
2008; Weinberg and Mark, 2008; Reichardt et al., 2010) (Fig. 1b, Appendix A2, Table Al).
Leucogranites of the Pangong range have been interpreted as the product of synkinematic water-
fluxed melting of the Late Cretaceous granodiorites and of the Tangtse meta-sedimentary rocks
(Reichardt et al., 2010). This interpretation is contested by some authors that consider that all
magmatic rocks within the Ksz, unless few isolated dykes, predate deformation (e.g. Phillips et
al., 2004; Searle and Phillips, 2004) and that ductile deformation occurred at temperature below
solidus (Phillips and Searle, 2007). In that interpretation, right-lateral shear was mostly
restrained between 15.7 and 13.7 Ma and the KF is a transient structure. However, our study
shows clear evidences that the 18.5 Ma South Tangtse granite is syntectonic, and that strike-slip
deformation started prior to 16 Ma in the Tangtse strand. Within the shear zone, part of the
evidence for high-temperature deformation has probably been obscured by overprinting of low
temperature structures formed during cooling, as temperature dropped to ~400°C at ~13 Ma
(Dunlap et al., 1998) while right-lateral shear pursued. Such evidence has been preserved in the

South Tangtse granite because it occurs at the margin of the main deformation zone (Fig. 1b).



For Review Only Page 6 of 18

140 The age of syntectonic intrusions imply that the KF initiated prior to 22.7+0.1 Ma in the
141  North Ayilari (sample C32, Valli et al., 2007) and 18.5+0.2 near Tangtse (STG; this study) (Fig.
142 2b). As the fault is still active this ages yield an integrated slip rate of 8.8 to 13 mm/yr along the
143 central section of KF. At the southern extremity of the main KF strand (SA, Fig. 2a), Murphy et
144 al. (2000), suggested that the South Kailash thrust (SKT on Fig. 2a) was offset 66 + 5.5 km by
145  the KF. The ~19 - 13 Ma age of that thrust, based on a single K-feldspar Ar-Ar thermal history
146  (Yin et al., 1999), was taken to imply that the KF would be younger than 13 Ma at this location
147  (Fig. 2b) with a slip rate > 5.5+0.4 mm/yr. If this piercing point is correct it would imply a very
148  slow propagation of the fault toward the South (Fig. 2b) and an abrupt decrease of the fault
149  motion toward the Gurla Mandhata (GM), or a slow-down from ~14 to ~4 mm/yr at ~13 Ma.
150  Alternatively, assuming all Miocene intrusions along the KF to be syntectonic would imply a
151  slightly older initiation age, a lower integrated slip-rate (8 — 10 mm/yr), and a faster fault
152  propagation (Fig. 2b) (Valli et al., 2008).

153 The Ksz appears a good pathway for magma produced deeper in the crust to ascend (e.g.,
154  Valli et al., 2008; Weinberg and Mark, 2008; Reichardt et al., 2010). Leech (2008) even
155  proposed that the Ksz acted as a barrier collecting all magmas flowing at mid-crustal level from
156  North Tibet towards the south in the framework of the lower crustal channel flow model. This
157  hypothesis would explain why Himalayan granites are fewer and older west of the GM
158 interpreted as the KF SE tip (Fig. 2a). This hypothesis appears sustained by the fact that the
159  STDS, interpreted as the upper bound of the channel, stopped earlier west of the GM than
160  further east. However, this stop occurs at ~17 Ma, thus ~8 Ma after the initiation of magmatism
161  in the Ksz (Fig. 2b) (Leloup et al., 2010) and it is difficult to link the two events. Alternatively,
162 ductile shear heating in the upper mantle could have triggered partial melting in the lower crust.
163 However numerical simulations suggest that for fault rates of ~10 mm/yr, comparable to what
164  we propose for the KF, it could be the case only for unlikely circumstances: very stiff upper
165 mantle and very fertile lower crust (Leloup et al., 1999). Therefore, we suggest that crustal melts
166  collected by the Ksz resulted from high heat flow resulting from crustal thickening (e.g., Huerta
167  etal., 1998), and /or heat advection following slab breakoff (Mahéo et al., 2009). Melting was
168  probably enhanced by fluid circulation (Reichardt et al., 2010).

169 Large intracontinental strike-slip faults have long been proposed as major conduits
170  collecting fluids and melts originated in the lower crust or the upper mantle (i.e., Hutton and
171  Reavy, 1992; Leloup et al., 1999 and references therein). Within transpressive orogens such

172 large strike-slip faults promote magmas and hot fluid ascent playing a major role in the crust
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evolution (e.g., Hollister and Andronicos, 2006; Pirajno, 2010). Whatever the source of fluid,
the upward fluid flow will increase the local thermal gradient, soften the rocks and promote
strain localisation within the strike-slip shear zone. As a consequence strain localisation could
be enhanced in strike-slip faults that thus could be stable through time and absorb large
displacements, as long as boundary conditions do not change considerably. Our data confirm
that this was the case for the KF during the last ~25 Ma even though it is located in frontal part
of the orogen where the high thermal gradient is expected to promote diffuse deformation rather

than strain localisation.
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187 Tables :

188  Table 1 U/Pb data summary for LA20, 21 and 60.

189  Figures captions :

190  Fig. 1 Structural map of the Karakorum shear zone in the Tangtse area

191 a) India — Eurasia collision main strike-slip faults: SF, Sagaing; RRF, Red River; XF,
192  Xianshuihe; Ku, Kunlun; ATF, Althyntagh; KF, Karakorum. White arrows and black arrows
193  respectively show active and past sense. Black frame corresponds to Fig. 2. b) Structural map of
194  the Tangtse area. UTM 44 projection. ¢) Plot of foliations and lineations in the Tangtse shear
195  zone, along the Tangtse gorge and in the south Tangtse granite (STG). Schmidt diagram, lower
196  hemisphere.

197

198  Fig. 2 Geology along the KF and corresponding timing constraints

199  a) Black framed area of Fig. 1a. SA; South Ayilari (Namru); NA, North Ayilari; T, Tangtse; D,
200  Darbuk; S, Satti,; P, Panamik; Za, Zanskar; Gw, Garwal; GM, Gurla Mandata; LP, Leo Pargil;
201  SKT, South Kailash thrust. Geological units drawn from bibliography and Landsat imagery
202  interpretation. MKT: Main Karakorum thrust corresponding to the Shyok suture zone, MMT:
203  Main Mantle Thrust corresponding to the Indus suture zone b) Timing constraints plotted along
204  the fault. U/Pb data and corresponding references are reported in Table Al. Red frames indicate
205  syntectonic granitoids. Timing constraints for the STDS from Leloup et al. (2010).

206

207  Fig. 3 Detailed geological cross section of the Tangtse strand of the Karakorum shear zone near
208  Tangtse monastery.

209 a) Geological cross-section of Ksz Tangtse strand based on field observation. b to f)
210  photographs of facies and structures along section. b) Undeformed South Tangtse granite
211  (sample LA21) with an undeformed leucocratic dyke (sample LA20). ¢) Faint magmatic
212 foliation (fm) defined by the preferred orientation of coarse-grained K-feldspar. A 5 cm wide
213 compass as a scale. d) Magmatic foliation (fm) marked by the orientation of mafic enclaves. A
214  hammer as a scale. e) Mylonitic orthogneiss and leucocratic dyke affected by right-lateral
215  deformation (foliation trends N130 72S and lineation dips 10W). View from above, hammer
216  peak gives scale. f) Horizontal crosscutting leucocratic dyke (sample LA60). Foliation (Fo) is
217  outlined in black and trends ~N115.

218
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Fig. 4. U/Pb zircon Shrimp II data for samples LA20, LA21b and LA60.

See data in Tables A2 & A3. a&b) LA20 & LA21b Tera-Wasserburg plots and corresponding
regressions. Data error ellipses are at 1o, grey and black for first and second session
respectively. ¢) LA 60 plot for *’Pb corrected ***Pb/**U ages vs **U/*Zr,0 and regression line
indicating a single age of 16.0+0.6 Ma. Data point errors are 10. Insets are examples of

cathodoluminescence images with corresponding ***U/** ages.
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Average 206Pb/238U age

207Pb/206Pb vs 238U/206Pb (Tera-Wesserburg) age

interpretation

Localisation (UTM.

South Tangts Leucocratic 18.6+0.3 5139+ 150

South Tangtse 18.6£0.2 5158 +170

emplacement
age
inherited age
emplacement
age
inherited age

Site Sample
Number Rock type Characteristics

. LA20 . undeformed
granite dike

. LA21b Granite undeformed
granite

Leucocratic .

Tangtse strand LA60 dike cross cutting

207 Pb corrected
Spots
Age (Ma) Mswp umberof - tal ne, border (b) or
spots/ grains
core (¢))
1b, 2b, 5b, 10b, 11b, 14b,
18602 218 10/10 18b. 19D, 20b. 21b
256 +0.3 - 1/1 17¢
2b, 4b, 5b, 6b, 8b, 9b, 11b,
185+02 207 11/11 22b. 25b, 26, 28b
310+5 - 1/1 20c
Age vs U(ppm) age
Intertcept Number of Spots
a MSWD _ mber ot - vstal n°/ border (b) or
2000ppm spots/ grains core ()
(Ma)
16.0 0.6 2.6 6/6 2b, 3b, 4b, 6b, 14b, 17b

emplacement

Table 1

age



Page 15 of 18

For Review Only

S
(6090m) / 7S

e ) X
N@QN@METQ@ COMPLEX

KARAKORUM BATHOITH

(SALIORO)
ChagrrTso
PANGONG St
N@ﬁ%ﬂ@@&ﬂ@ L TNG62aTg
gran < < \ R
9 1 SolthIMUGLIB granitd
NiTangtse M 9«
(5900m)| p 22 PANGONG/RANGE S
=
- S
PANGONGRANGE ©5)25:26 Jﬂ%
(6010m)E
Tan, g
river <
TANGISElgraniteliar TANGIISEsStiand.
215&P1 e\ S
2
Pl1gPs ® el
2 SKllang t
pr— _ (GE=0m)
Brittle fault SOULhATANGISEfgranite
I Tangtse metamophics = = = = Structural fabric (@TP}) = Foliation Poles
[ Pre kinematic granitoid Foliation/lineation atitude 2115 ) Tangtse gorge
Bl Synkinematic granitoid % Cit i South Tangtse mylonites ™~y
Pangong metamorphics I\ Sur);mit p\"‘" river South Tangtse magmatic foliation
I Karakorum Batolith O Sample Mean

Figure 1

Lineations

O Tangtse gorge
@ South Tangtse
+#r Mean




For Review Only

Page 16 of 18

[ Karakorum batholith
Il Karakorum metamorphics
Il Khardung volcanics

I Ladakh-Gangdese batholith
Tertiary molasse
Il Ophiolite

Il Tertiary granite
Tertiary basin

I Kohistan - Dras arc
Tethyan sediments
I Tertiary gneiss

T
2 S k faultinitiation e owards Labhar Kangri (21 ) s
orum —_—
o Kara . e N Ry ——
—
—% ‘W £ — p\:(~42:""\""“\’\a '9!(‘\ N - 20
= Zao§ STDS end 2NN\ GW
5> - NN
= * 0. BN\ | offset? GM|
% @ KszU/Pb magmaticage PR:fault propagation rate 3 E—
10 _— 10
U/Pb magmatic age initiation — minimimun
< close to &e Ksz 9 age of KF initiation Proposed
© ST 7o Btwall (Yin et al, 1999) °
fn>HT footwaT T Hin et ay == STDS end of motion Longitude along the Karakorum fault zone
75 76 77 ‘ 78 ‘ 79 ‘ 80 ‘ 81 -

Fig. 2



Page 17 of 18

For Review Only

< SW South Tangtse granite > NE
Und@fo, P »
Meg ™ ~
TANGTSE Strand of the Karakorum shear zone
(9]
pal ::: Granite
£ (o 28 P
5 [ree Sttt magmatic foliation
é +++-;-+ E ‘5.,1 T
+++ o+ + P
S Ty My 3 L//H/f Mylonitic foliation
MO L LI Ty ‘%_P issand marbles  Tangtse Orth ”
TN aragneiss and marbles angtse Orthogneiss
I DD il i e TN RS 9 9 9 Leucocratic dyke
:;:II:::_r‘f‘i“i"‘f‘f‘T i A Fig. 3e LA60
MM S R L ttt Tangtse Fig 3f iboli
::II:::I;‘F‘*’I‘F Frh++4 -+t X Amphibolite
ISORSRSSEEE FEEE E e
40004+ + + ++++++ 4+ ++++++h+++ P+t Marble and Scarn
IS GG ST IR i L’L/
SRR E SRR EEEEEE i
LTI Ittt bttt ////%////#‘///#‘////%////%‘///%U// {//’3!1//”/)11//”/%”% Dark gneiss
o 200 LS oo 00 Tangtse mylonitic

Distance (m)

Fig.3

orthogneiss




207,

0,1

0,12}
0,08}

0,04 o
250 270 290 310
_Pb

Pb
0,28}

207,

206

0,241
0,20t
0,16}
0,12}

0,08

0,04 : S——o—————o v,
240 260 280 300 320 340 360 380

238 /206 p
20 g
207ppy | [data-point error crosses are 1 @
corr _
206 Slope = 0,253 £ 0.11 (95% conf),
238 1
Age | Intercept at 2000ppp U
(Mal) g 16.0+0.6 Ma

17t

16

_E%:@

0,20}

15
2

For Review Only

data-point error ellipses are 68.3% conf

Intercepts at
18.61 £0.25 & 5139 + 150 Ma
MSWD =138

LA20

6}

data-point error ellipses
are 68.3% conf

Intercepts at
1857+£023 &
5158 £ 170 Ma
MSWD =1.8

24 22

238/967r,0

Page 18 of 18



