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TELLUS GEOPHYSICS

Understanding the structural and stratigraphic relationships between and within the
Tyrone Igneous Complex and Tyrone Central Inlier has previously been hampered by
poor exposure. However, a recently completed regional airborne geophysical survey over
Northern Ireland has helped to resolve the crustal structure of the region. Magnetic,
radiometric and electromagnetic (EM) data were acquired over the entirety of Northern
Ireland during 2005-2006 as part of the Tellus Project (see GSNI, 2007). Two frequency
EM datasets (3 and 14 kHz) were acquired over the Tyrone Igneous Complex and the
western half of Northern Ireland in 2005 and four-frequency datasets (0.9, 3, 12 and 25
kHz) across the eastern half in 2006. Total magnetic intensity (reduced to pole), first
vertical derivative, analytic signal maps and EM maps over the Tyrone Igneous Complex
are presented as Supplementary Information. Further detail on survey specification and
geophysical data processing are presented within Beamish et al. (2007) and in the

Supplementary Information.

The lower Tyrone Volcanic Group, Tyrone Plutonic Group and Tyrone Central Inlier are
all characterized by short-wavelength magnetic anomalies (Gunn et al., 2008). Within
the lower Tyrone Volcanic Group, laterally extensive magnetic highs correspond to units
of pillowed, massive and sheet-flow basalt (e.g. Copney Pillow Lava Formation; GSNI,
1979 and 1995), magnetite-rich jaspers and local bodies of magnetite-bearing gabbro (e.g.
at Beaghmore) and diabase (e.g. at Tanderagee) (Fig. 2). By contrast, the upper Tyrone
Volcanic Group is predominantly non-magnetic, except within the vicinity of Cashel-
Formil and Broughderg where gold and base-metal mineralization is prevalent (Leyshon
and Cazalet, 1978; Clifford et al., 1992; Gunn et al., 2008). Geophysical characteristics
of the Tyrone Plutonic Group and Tyrone Central Inlier will be discussed in subsequent

publications. Faulted contacts between the Tyrone Plutonic Group, Tyrone Volcanic
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Group and Tyrone Central Inlier are best discriminated with the EM imagery, with
boundaries corresponding well to previous mapping (GSNI, 1979; 1995). However, new
subdivisions within the Tyrone Volcanic Group recognized through Tellus geophysics
and fieldwork are outlined below. Major NE-SW trending reactivated Caledonian and
Carboniferous faults (e.g. Omagh Thrust, Tempo-Sixmilecross Fault) are also apparent
from sharp magnetic features which offset Palacogene dikes (Cooper et al., 2012), as are
previously unrecognized faults such as the herein named Beaghmore, Dungate and

Sixtowns faults which truncate basaltic subdivisions of the Tyrone Volcanic Group.

Fig. X. Results of the Tellus airbourne geophysical survey of Northern Ireland. Survey
lines were orientated at orientated at 165° or 345°, 200 m apart, at a flight height of 56 m
in rural areas, rising to 240 m over urban areas. Two Scintrex Caesium Vapour Model
CS2 magnetometers were employed to derive magnetic intensity. Sensitivity was 0.001
nT with a sample interval of 0.1 seconds (~7 m). Electromagnetic data was acquired
through a vertical-coplanar transmitter/receiver configuration. A Tx-Rx coil separation
of 21.36 m was used with a sample interval of 0.25 seconds (~17.5 m). (a) Total
magnetic intensity map, reduced to pole (RTP), (b) Total magnetic intensity map, first
vertical derivative (RTP-1VD), (c¢) Total magnetic intensity, analytic signal (TMI-AS),
(d) EM low frequency (ApCond). All maps show original GSNI linework (GSNI 1979,
1983 and 1995) as in Figure 2. Grid references are according to Irish Grid.






Methods, Geochemistry:

All major stratigraphic horizons within the Tyrone Volcanic Group were sampled.
Major-elements were determined for powdered whole-rock samples on fused glass beads
by X-ray fluorescence (XRF). Trace-elements were analysed on powder-pellets by XRF.
All analyses were undertaken using a Philips® MAGIX-PRO automatic sequential
wavelength dispersive XRF spectrometer at the University of Southampton. Rare earth-
elements (plus Nb, Hf, Ta, Th, U) were determined by inductively coupled plasma mass
spectrometry (ICP-MS) at the University of Southampton on the same samples using
HF/HNOs digest. To ensure complete digestion of zircons and other resistant minerals,
repeated digests were made until no residue remained; and results for Ba, Sr, Rb, La, Th,
Y, Nb and Zr were checked between XRF and ICP-MS analysis. Accuracy (%RD) and
Precision (%RSD) was typically <3% for ICP-MS analyses and <5% for XRF analyses
based on replicate analyses of a range of international standards (XRF: JR-1, JR-2, JG-3,
JB-1a, JA-a; ICP-MS: BHVO-2, JB-1a, JB-3, JGB-1, JR-1). Elements with accuracy and
precision >10% (ICP-MS: Ta; XRF: Cr, Ni, Cu) are considered poor (Jenner, 1996) and

were not used.

Neodymium isotope ratios were measured using a VGMicromass Sector 54 thermal
ionization mass spectrometer (TIMS) at the University of Southampton. '*Nd/'**Nd was
measured in multidynamic mode, exponentially corrected for instrumental fractionation
relative to '*°Nd/"**Nd = 0.7219. The JNdi standard gave a value of 0.512091 + 14 (2sd,
n=20), with data corrected to 0.512115 (Tanaka et al. 2000). An age correction was
performed (DePaolo and Wasserburg, 1976) to account for radioactive decay and
ingrowth of '**Nd; values for that time are reported as eNd(y. Modern CHUR was taken
to be 0.512638 and 0.1967 for '*Nd/"**Nd and '*’Sm/'**Nd respectively (Hamilton et al.
1983). The decay constant of "Y’Sm is 6.54 x 107"* yr''. Depleted mantle model ages



(tom) are calculated after DePaolo (1981) assuming present day '*Nd/'*'Nd and
Sm/!**Nd values of 0.51315 and 0.2137.

Methods, Geochronology:

Six samples were selected for U-Pb (zircon) geochronology. Zircons were isolated using
conventional mineral separation techniques. Prior to isotope dilution thermal ionization
mass spectrometry (ID-TIMS) analyses zircons were subject to a modified version of the
chemical abrasion technique (Mattinson, 2005). U-Pb ID-TIMS analyses herein utilized
the EARTHTIME 2%°Pb-***U-*U (ET535) tracer solution. Measurements at the NERC
Isotope Geosciences Laboratory were performed on a Thermo Triton TIMS. Pb analyses
were measured in dynamic mode on a MassCom SEM detector and corrected for 0.14
+0.04%/u. mass fractionation. Linearity and dead-time corrections on the SEM were
monitored using repeated analyses of NBS 981 and U500. Uranium was measured in
static Faraday mode on 1011 ohm resistors or for signal intensities < 15 mV, in dynamic
mode on the SEM detector. Uranium was run as the oxide and corrected for isobaric
interferences with an '*0/'°0 composition of 0.00205 (IUPAC value and determined
through direct measurement at NIGL). Single analysis U-Pb dates and uncertainties were
calculated using the algorithms of Schmitz and Schoene (Schmitz and Schoene, 2007)
and a *>U/*Pb ratio for ET535 of 100.18 £0.1%. All common Pb in the analyses was
attributed to the blank and subtracted based on the isotopic composition and associated
uncertainties analysed over time. The ***Pb/***U ratios and dates were corrected for initial
#%Th disequilibrium using an assumed Th/U[magma] of 3 1 applying the algorithms of
Schirer (Schirer, 1984) resulting in an increase in the *°Pb/**U dates of ~100 kyr.
Weighted mean *°°Pb/***U dates and associated uncertainties were calculated using

Isoplot (Ludwig, 1991).



Errors for U-Pb dates are reported in the following format: £X(Y)[Z], where X is the
internal or analytical uncertainty in the absence of systematic errors (tracer calibration
and decay constants), Y includes the quadratic addition of tracer calibration error (using a
conservative estimate of the standard deviation of 0.1% for the Pb/U ratio in the tracer),
and Z includes the quadratic addition of both the tracer calibration error and additional
281 decay constant errors of Jaffey et al. (Jaffey et al. 1971). All analytical uncertainties
are calculated at the 95% confidence interval. These ***U/**°Pb dates are traceable back to
SI units via the gravimetric calibration of the EARTHTIME U-Pb tracer and the
determination of the 2**U decay constant (Condon et al. 2007; Jaffey et al. 1971). The
mean square weighted deviation (MSWD) has been calculated for each population used
for weighted mean calculations all fall within the range expected for a single population

of a given sample size (Wendt and Carl, 1991).
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Sample
DDH 107-1-1
DDH 107-1-3
SPH 001
SPH 002
SPH 003
SPH 005
SPH 006
SPH 007
SPH 008
SPH 009
SPH 011
SPH 012
SPH 013
SPH 014
SPH 018
SPH 019
SPH 021
SPH 022
SPH 024
SPH 026
SPH 028
SPH 029
SPH 035
SPH 036
SPH 037
SPH 038
SPH 048
SPH 052
SPH 060
SPH 061
SPH 067
SPH 071
SPH 072
SPH 073
SPH 074
SPH 075
SPH 082
SPH 083
SPH 106
SPH 114
SPH 115
SPH 116
SPH 117
SPH 118
SPH 119
SPH 120
SPH 124
SPH 140
SPH 144
SPH 145
SPH 146
SPH 147
SPH 148
SPH 149
SPH 150
SPH 151
SPH 152
SPH 153
SPH 154
SPH 159
SPH 160
SPH 161
SPH 164
SPH 166
SPH 167
SPH 169
SPH 170
SPH 177
SPH 178
SPH 179
SPH 184
SPH 189
SPH 190
SPH 194
SPH 195
SPH 197
SPH 301
SPH 320
SPH 323
SPH 334
SPH 336
SPH 342
SPH 348
SPH 353
SPH 361
SPH 383
SPH 391
SPH 392
SPH 396
SPH 401
SPH 405
SPH 417
SPH 418
SPH 421
SPH 423
SPH 431
SPH 444
SPH 448
SPH 449
SPH 451
SPH 453
SPH 456
SPH 457
SPH 482

Easting
267800
267800
264101
266949
266924
258917
258915
258919
250395
250414
267453
267349
267508
267349
272286
272242
261970
262236
262400
259800
259780
264050
267500
272800
272300
273200
264100
278900
264100

261551
261697
261710
261743
261773
261772
262708
262704
260308
261635

261516
261521
261576
261576
261941
262061
264159
264092
264061
264092
264196
262340
262101
262040
262022
262016
261951
261609
261671
258771
258943
260634
260707
260351
260173
272168
272168
272234
272590
267051

266317
267585
261483
261536
261446
260700
258642
258642
259711
359038
260093
264105
264105
263338
258933
255316
273138
273226
254258
254357
251796
253113
253146
267489

Northing
385275
385275
379221
380748
380799
380146
380159
380070
380340
380351
382542
382739
382616
382739
388180
388200
382453
382218
378350
380800
381055
379150
382600
388750
388250
390300
379200
388100
379200

383462
385231
385202
385254
385292
385305
285025
385048
380795
376556

376720
376617
376528
376528
376480
381879
379157
379234
379156
379383
379404
378201
378214
378219
378208
378377
377966
378544
378609
377569
377220
377677
377717
377779
377731
387905
387905
387952
387659
387784
387286
380288
380208
383604
380375
381848
382639
382601
382717

Locality
Broughderg Bridge
Broughderg Bridge
Mweela More
Teebane

Teebane

Cashel West
Cashel West
Cashel West
Cashel Rock
Cashel Rock
Beaghbeg
Beaghbeg
Beaghbeg
Beaghbeg
Bonnety Bush
Bonnety Bush
Slieve Menagh
Slieve Menagh
Creggan

Cashel Rock
Cashel Rock
Mweela More
Beaghbeg
Bonnety Bush
Bonnety Bush
Tullybrick

Mweela More
Slieve Gallion
Mweela More
Beaghbeg
Aghascrebagh
Carnaransy Burn
Carnaransy Burn
Carnaransy Burn
Carnaransy Burn
Carnaransy Burn
Crouck

Crouck

Cashel Rock
Tanderagee
Tanderagee
Tanderagee
Tanderagee
Tanderagee
Tanderagee
Tanderagee
Tanderagee
Formil

Mweela More
Mweela More
Mweela More
Mweela More
Mweela More
Creggan

Creggan

Creggan

Creggan

Creggan

Creggan

Creggan

Creggan
Loughmacrory
Loughmacrory
Copney

Copney

Copney

Copney

Bonnety Bush
Bonnety Bush
Bonnety Bush
Bonnety Bush
Broughderg
Broughderg
Teebane

Teebane

North of Beaghbeg
Teebane
Meenascallagh
North of Beaghbeg
Balloughtragh
Balloughtragh
Altbane Burn
West of Tanderagee
Tanderagee
Granagh
Mullanmore

South of Skeboy
South of Skeboy
Southeast of Loughmacrory
East of Milltown
Crockdun

South of Loughnagay
South of Loughnagay
South of Loughnagay
South of Loughnagay

Lithostratigraphic Unit
Beaghbeg Mb.
Beaghbeg Mb.
Creggan Fm.
Beaghbeg Mb.
Beaghbeg Mb.
Greencastle Fm.
Greencastle Fm.
Greencastle Fm.
Greencastle Fm.
Beaghbeg Mb.
Beaghbeg Mb.
Beaghbeg Mb.
Beaghbeg Mb.
Beaghbeg Mb.
Bonnety Bush Mb.
Bonnety Bush Mb.
Greencastle Fm.
Greencastle Fm.
Creggan Fm.
Greencastle Fm.
Greencastle Fm.
Creggan Fm.
Beaghbeg Mb.
Bonnety Bush Mb.
Bonnety Bush Mb.
Greencastle Fm.
Creggan Fm.

Slieve Gallion
Creggan Fm.
Beaghbeg Mb.
Greencastle Fm.
Broughderg Fm.
Broughderg Fm.
Broughderg Fm.
Broughderg Fm.
Broughderg Fm.
Greencastle Fm.
Greencastle Fm.
Greencastle Fm.
Tanderagee Basalts
Tanderagee Mb.
Tanderagee Mb.
Tanderagee Mb.
Intrusive
Tanderagee Basalts
Tanderagee Basalts
Tanderagee Basalts
Greencastle Fm.
Creggan Fm.
Creggan Fm.
Creggan Fm.
Creggan Fm.
Creggan Fm.
Creggan Fm.
Creggan Fm.
Creggan Fm.
Creggan Fm.
Creggan Fm.
Creggan Fm.
Creggan Fm.
Creggan Fm.
Merchants Town Glebe Mb.
Merchants Town Glebe Mb.
Copney Basalts
Copney Basalts
Copney Basalts
Tanderagee Mb.
Bonnety Bush Mb.
Bonnety Bush Mb.
Bonnety Bush Mb.
Bonnety Bush Mb.
Broughderg Fm.
Broughderg Fm.
Beaghbeg Mb.
Beaghbeg Mb.
Beaghbeg Mb.
Beaghbeg Mb.
Intrusive

Beaghbeg Mb.
Beaghbeg Mb.
Beaghbeg Mb.
Broughderg Fm. (base)
Tanderagee Mb.
Tanderagee Basalts
Tanderagee Mb.
Tanderagee Mb.
Creggan Fm. (top)
Creggan Fm. (top)
Creggan Fm. (top)
Creggan Fm.
Creggan Fm.
Loughnagay Basalts
Loughnagay Basalts
Loughnagay Basalts
Tanderagee Mb.

Streefe Glebe Mb.

Town Glebe Mb. (top)

Mountfield Basalts

Racolpa Greencastle Fm.
Tullybrick Greencastle Fm.
Tullybrick Greencastle Fm.
Northwest of Drumnakilly

of D i
Racolpa Greencastle Fm.
Mountfield
Mountfield Broughderg Fm.
Beaghbeg Beaghbeg Mb.

Lithology
Basalt/Basaltic andesite
Basalt/Basaltic andesite
Basalt/Basaltic andesite
Diabase

Basalt

Rhyolite

Rhyolite

Rhyolite

Rhyolite

Rhyolite

Rhyolite agglomerate
Rhyolite agglomerate
Rhyolite agglomerate
Tuff

Silicified basaltic tuff
Basaltic tuff

Rhyolite

Rhyolite

Basaltic agglomerate
Rhyolite

Arkosic sandstone
Pillow basalt

Rhyolitic agglomerate
Basaltic tuff

Basalt

Tuff

Chert

Chert

Chert

Tuff

Tuff

Graphitic tuff

Tuff

Graphitic tuff

Chert rich tuff

Chert

Tuff

Tuff

Rhyolite sill

Tuff with spherules

Tuff

Black chert

Tuff

Ophitic basalt

Basaltic tuff

Basaltic tuff

Basaltic tuff

Rhyolite

Pillow basalt

Pillow basalt

Pillow basalt

Pillow basalt

Pillow basalt

Basaltic agglomerate - matrix
Pillow basalt

Pillow basalt

Chert

Pillow basalt

Pillow basalt

Pillow basalt

Pillow basalt

Pillow basalt

Silicified andesite/tuff
Basaltic tuff

Basaltic tuff

Basaltic andesite
Porphyritic andesite
Basaltic agglomerate - matrix
Basaltic agglomerate - clast
Basalt

Basaltic tuff

Basaltic tuff

Ironstone with bedded pyrite
Basalt

Basaltic tuff

Basalt

Basalt

Gabbro

Basalt

Basalt

Basalt

Basaltic tuff

Quartz porphyritic rhyolite
Chert

Porphyritic andesite
Porphyritic andesite
Vesicular basalt
Porphyritic andesite
Vesicular basalt

Basalt

Basalt

Basalt

Basalt/Basaltic andesite
Basalt/Basaltic andesite
Hornblende porphyritic andesite
Rhyolite tuff

Basaltic andesite
Rhyolite

Basalt

Andesitic tuff
Silicified basaltic tuff

XRF-Major
sio2
49.74
48.63
56.93
49.28
48.46
90.36
82.93
86.92

62.40

88.56
57.39
47.09
55.74

56.59
77.63
48.18
49.26
49.67
47.99
46.58
57.56
48.45
50.44
74.53
48.48
49.50
47.37
47.85
54.49
66.31
56.28
53.43
62.00
53.73
50.61
68.28
56.71
71.94
47.54
62.07
50.20
56.33
47.27
49.40
45.50
49.67
49.15
52.95
4412
70.83
65.65
53.02
64.06
56.10
51.95
52.31
49.20
54.13
5224
52.49
59.00
64.95
77.31
67.93
67.11
63.97
52.79
71.61
51.05
71.89
65.34

XRF-Major

Tio2
3.07
3.02
0.75
1.96
222
0.08
0.14
0.04
0.20
0.17
0.23
0.48

0.47
0.48
0.41
0.19
0.32
1.29
0.24
0.21
3.02
0.22

0.61
0.82
0.23
0.18
027

0.44

0.77
0.63
0.68

0.54
0.61

0.32
0.44
0.14
0.68
2.25
0.29

0.56

246
1.94
3.02
221
213
1.09
2.56
2.08
0.32
2.08
2.02

1.85
1.29
0.62
0.62
0.75
0.73
0.78
0.51
0.46
0.46
043
3.05
0.69
1.99
0.61
3.09
1.90
2.05
278

0.33
261
0.57
0.23
0.61
0.53
1.30

250
1.82
0.51
213
0.55
0.80
0.58
0.17
0.55
0.62
0.62
241
0.24
297
022
0.41

XRF-Major

AI203
13.04
13.71
17.48
14.04
15.11
5.98
10.52
2.80
13.04
13.28
10.73
14.54
13.72
15.76
15.61
15.82
13.23
13.90
14.56
13.22
13.12
13.54
10.54
14.44
13.78
16.74
10.34
11.45
12.89

16.11
16.10
16.43
15.45
14.79
15.02
14.86
15.81

18.06
15.80
4.19

17.58
14.30
21.02

17.41
15.03
14.71
14.59
13.48
14.94
14.55
14.75
14.28
14.70
1217
14.44
14.88
15.09
14.67
16.48
15.99
18.56
17.14
13.86
19.68
17.89
11.85
17.54
11.98
15.18
15.52
14.65
18.53
13.72
14.53
13.58
13.76
14.94
16.22
14.04
15.37
16.52
19.53
16.30
14.25
14.68
13.79
14.23
14.45
1417
17.14
15.91
15.07
13.67
14.83
15.65
15.60
14.40
14.88
15.21
14.58
13.44

XRF-Major
Fe203t
15.08
15.39
9.99
12.52
13.02
113
1.64
6.43
282
229
3.06
7.96
8.27
10.08
9.34
437
220
3.57
9.08
291
1.33
16.38
3.19
11.79
11.99
5.16
1.93
1.42
3.04

6.32
8.12
8.27
7.02
7.31
7.55
3.78
3.69

8.36
4.58
2.50
10.00
16.73
7.60

11.74

14.61
12.41
16.97
13.70
13.27
8.90
15.05
13.03
4.61
13.20
13.34
13.16
12.60
10.15
5.22
10.38
10.86
8.26
9.76
14.32
8.46
11.48
523
14.60
4.91
12.68
8.72
16.37
12.52
15.89
15.52
14.15
11.06
14.73
4.69
5.09
8.14
6.75
8.33
9.85
13.88
12.08
9.45
12.87
10.24
8.84
5.06
175
6.43
5.76
6.41
12.83
3.17
13.59
3.09
9.16

XRF-Major
Mn304
0.22
0.23
0.13
0.18
0.20
0.01
0.01
0.00
0.02
0.06
0.03
0.13
0.13
0.16
0.07
0.07
0.01
0.08
0.15
0.05
0.01
0.22
0.03
0.03
0.26
0.05
0.03
0.02
0.05

0.12
0.38
0.05
0.15
0.11
0.13
0.04
0.06

0.17
0.07
0.02
0.16
0.28
0.13

0.21
0.00
0.22
0.19
0.23
0.20
0.22
0.15
0.21
0.19
0.06
0.19
0.19
0.20
0.19
0.17
0.08
0.16
0.17
0.14
0.15
0.23
0.12
0.21
0.07
0.19
0.10
0.21
0.13
0.24
0.20
0.23
0.22
0.22
0.17
0.19
0.03
0.07
0.14
0.05
0.16
0.20
0.18
0.17
0.14
0.09
0.24
0.14
0.09
0.03
0.12
0.04
0.09
0.18
0.08
0.16
0.01
0.12

XRF-Major
MgO
4.83
5.94
5.21
10.04
5.74
0.15
0.32
0.12
0.49
0.81
0.87
2.46
3.42
3.52
1.80
3.3
1.46
133
7.80
0.70
0.33
4.83
1.05

12.05
6.54
1.11
1.00
1.40

4.58

6.96
5.91
6.09

259
3.08

5.41
1.76
1.03
5.01
11.22
5.49

4.87

6.67
6.68
4.79

5.92
5.51
575
6.82
239
6.64
7.45

6.70
4.72
2.82
4.12
6.35
5.69
270
8.28
112
6.82
0.85
4.94
3.50
6.43
4.47
5.84
6.57
10.22
6.78
7.05
6.14
9.53
1.49

2.68
4.46
4.03

5.36
5.98
8.13
4.89
5.99
274
289

4.69
4.25
577
4.64
0.71
4.12
1.19
255

XRF-Major

CaO
6.76
7.51
5.85
9.83
11.47
-0.04
-0.04
0.02
0.04
0.64
1.54
3.56
342
3.61
1.28
218
0.09
274
4.06
1.72
0.72
9.12
1.90
0.57
6.52
1.58
3.21
0.05
1.96

1.99

0.34
21
239

0.46
177

1.06

0.49
6.58
8.27
7.08

6.01
0.02
9.23
11.91
9.31
10.01
12.96
6.48
9.59
11.96
0.72
9.92
10.74
11.16
12.55
6.90
265
7.53
7.32
8.00
6.67

11.32
3.40
8.02
11.97
4.74
12.02
5.64
11.03
10.58
9.67
6.56
8.91
10.65
9.96
0.17
4.1
10.10
1.76
9.29
10.33
515
10.66
9.23
8.01
6.75
6.19
1.63
0.02
0.53
0.15
1.65

0.94
7.30
0.12
291

XRF-Major

K20
0.35
1.27
1.34
0.73
0.30
142
1.85
0.49
2.36
373
0.57
1.77
1.50
2,68
1.1

1.70
263
247
0.96
1.36
1.55
0.30
1.59
0.37
0.03
2.01

2.80
235
233

1.45
1.99
0.54
0.42
1.83
172
1.02
0.48

1.94
173
0.68
0.89
0.62
1.28

1.48
4.38
0.26
0.24
0.40
0.26
0.55
2.88
0.25
0.38
4.83
0.18
0.20
0.27
0.37
0.30
3.13
1.62
1.84
1.01
1.58
0.05
0.12
0.04
0.03
1.30
0.80
0.32
2.50
0.49
0.32
0.14
0.1
0.02
0.03
0.37
2,66
0.96
1.89
0.80
1.21
1.07
0.78
0.12
1.41
0.46
2.39
3.40
1.93
247
248
212
0.90
0.65
3.07
0.54
0.09
0.03

XRF-Major
Na20
5.7
2.40
4.23
257
3.43
1.60
3.49
0.63
4.89
2.83
4.26
345
258
184
5.80
4.31
361
433
4.74
5.07
5.09
4.20
258
6.89
3.19
4.80
0.72
3.00
2.88

3.64
3
4.72
5.05
292
34
4.70
5.60

3.01
4.59
0.38
3.87
1.76
242

270
0.31
3.68
3.1
3.76
3.58
411
237
4.10
219
0.51
3.53
293
3.25
1.86
6.29
4.02
3.66
2.46
2.09
5.14
3.83
0.20
5.27
1.82
274
5.24
3.54
4.12
233
3.65
1.50
321
1.99
1.57
281
3.05
3.02
3.00
4.31
379
276
4.52
412
1.62
413
3.27
1.34
5.57
3.22
1.57
2.80
4.42
3.37
3.69
3.12
7.49
5.32

XRF-Major
P205
0.41
0.4
0.18
0.18
0.25
0.01
0.03
0.01
0.04
0.03
0.23
0.09
0.08
0.08
0.11
0.10
0.05
0.08
0.15
0.06
0.04
0.38
0.05
0.09
0.05
0.12
0.03
0.03
0.05

0.07
0.13
0.12
0.1
0.10
0.10
0.1
0.13

0.09
0.12
0.37
0.16
0.33
0.03

0.09

0.16
0.10
0.14
0.14
0.33
0.19
0.13
0.30
0.1
0.21
0.12
0.04
0.07
0.12
011
0.29
0.04
0.59
0.04
0.05

Lol

292
3.31
321
1.01
1.36
3.81
1.14
216
1.77
4.74
3.84
6.10
1.89
2.39
717
3.49
237
2.03
1.52
287
247
1.27
767
4.80
1.97
1.54
1.57
267
294
3.84
3.83
4.18
3.68
3.45
1.93
228
523
3.7
299
167
3.44
4.44
8.14
4.19
4.06
220
251
344
268
2.53
5.26
223
252
2.69
1.58
3.21
267
218
258
6.07
1.99
2.80
292
264
1.88
4.23
173
572
1.34
10.63
5.07
2.96
3.66
244
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Ba
176
360

132

162
112

106
662
111
86
102
79

19
180
448

768
474
387
230
187
70

458

509
1081
410

566
755
225

781
217
53
26

Ga
20
24
17
18
19
8
12

13

103

Sc
36

Sr
183
386
410
278
306
31
61
21
98
68
150

154

214

318

198

271
333
249
258

297
342
265
258
142
237
447
492
459

115

280

339

176

210

\%
428
426
234
335
361
12
15
13
19
18
43
72
114
75
39
83

150

170

310

318
216
115
271
302
206
264
292
213
248
74

284

326
232
418
325
377
335

263
275
98

123
241
155
234

389
316
201

298
247
118

125
131
127

58
258
37
356

Zr
229
239
104
122
139
87
154
7
194
196
62
94
99
95
94
145
194
183
372
193
128
206
62
7
39
21
179
146
212
98
124

179
166
179

172
187
126

171
40

101
150

56

84

199
162
124
206
134
134
313
171
143
220
137
125
116
17
223
201
80

100
159
103
41

41

112
188
168
127
112
210
125
105
217
178
31

155
193

95
11
201

208
114

152

ICP-MS

Y
29.32
24.25
18.55
24.56
28.27
4.80

15.37
19.87
2238
20.52
18.31
22.30
14.24
12.78
10.17
50.62

29.30

20.99

27.03
23.35
25.63
18.85
14.26

8.15

18.01
16.31
9.93

14.64

7.55

18.20
10.13
16.89
19.91

6.47
11.39

22.32
9.81

40.17
15.98
20.21

27.81
23.03
20.75
26.51
2263
21.56

35.69
20.24
26.09
11.86
16.35
15.66
9.72

14.20
15.67
38.81
26.49
21.34
20.03
12.60
37.24

6.89
28.12
31.99
6.82

22.64

14.96
15.60
45.76
41.76
41.53
27.65
14.80
19.93
14.75
27.81
26.80

21.73
35.89
22.92
50.03
22.48
12.78

ICP-MS
Nb
25.45
26.11
4.72
9.38
10.54
4.29

10.75
226
2.46
4.33
264
2.67
8.52
11.59
8.65
2251

15.85

212

9.51
8.58
10.18
266
6.08

9.30
9.00

9.85
10.24

259
8.65
2.10
4.85
11.09
247
1.81
2.65

14.46
8.97

15.98
10.32
10.21

10.25
9.19
8.94
10.93
9.70
8.83

14.85
10.77
8.61
4.94
7.28
4.86
131
1.29
2.01
1.20
32.61
10.44
7.69
4.28
16.82

5.85
26.60
20.19
0.92

12.71

5.58
8.89
18.01
16.78
19.41
10.00
4.40

2.83
9.16
12.42

12.48
17.78
12.11
19.68
15.01
1.19

ICP-MS
Cs

0.20
0.08
0.15
0.30
0.22
0.93

3.16
0.17
0.33
0.32
0.45
0.83
0.82
1.25
2.08
0.33

0.09

0.15

0.48
0.60
0.31
0.30
0.77
0.67
0.30

0.60
0.35
0.49
0.24

0.64
0.72
0.23
0.22
0.27
0.42
0.07
0.46

0.12
0.08
0.25
0.04
0.83

0.15
0.06
0.04
0.12
0.05
0.07

0.04
0.65
0.81
0.19
0.27
0.53
0.02
0.20
0.02
0.04
0.54
0.38
0.10
0.25
0.43

0.04
0.06
0.02
0.04

0.86
0.52
0.90
1.04
0.98
0.65
0.43
0.21
0.21
0.58
0.84
1.95
0.56

0.42
0.43
1.36
0.25
0.02
0.04

ICP-MS
La
23.96
2425
32.79
9.46
10.40
13.14

40.19
4.95
5.05
14.77
288
5.06
27.07
19.49
17.03
33.07

15.23

6.23

47.99
32.43
45.42
4.50

15.61
22.10
23.35

24.54
2262
15.98
28.10

532
44.81
7.61
28.22
18.03
3.72
4.06
10.89

12.98
7.40
16.70
8.35
9.54

9.66
8.59
36.40
10.39
9.09
8.35

15.85
29.37
9.80
27.28
29.70
29.77
0.87
1.47
1.35
38.83
28.75
36.04
7.38
24.93
16.83

5.34
2221
18.93
1.82

43.82
575

31.05
20.40
24.73
20.78
21.47
9.88

24.87
33.27
21.52
46.62
34.71

31.44
19.20
25.87
21.78
60.10
3.18

ICP-MS
Ce
55.74
57.33
68.04
23.12
26.28
26.45

73.20
11.01
12.04
31.09
7.22

11.75
49.08
45.92
31.37
75.14

37.83

14.84

92.60
66.04
92.88
11.38
32.34
48.89
49.97

50.51
48.03
37.34
58.77

10.26
8217
14.96
56.93
4218
8.76

10.16
2214

32.76
18.97
40.55
21.74
23.59

24.47
21.63
68.94
25.79
2227
20.75

38.31
58.82
20.80
59.68
60.65
62.73
247

391

3.87

62.78
58.88
67.87
18.29
50.30
40.93

12.45
53.39
44.75
4.37

85.92
12.60
64.52
39.78
54.56
48.62
51.19
24.82
52.02
68.67
45.36
94.56
70.07

64.25
45.32
50.74
52.74
114.30
7.30

ICP-MS
Pr

7.39
7.60
8.00
3.36
3.84
273

7.90
1.55
1.86
3.96
1.10
1.79
5.90
4.40
3.46
9.52

1.96

10.86
7.33
10.54
1.65
367

5.74

6.12
5.91
3.57
6.93

1.37
8.77
229
6.66
5.47
1.10
1.26
27

4.64
267
5.64
3.19
3.40

3.56
3.1
8.89
3.69
3.24
3.02

5.15
6.81
234
6.99
7.08
7.34
0.40
0.61
0.62
6.36
7.33
7.60
264
5.88
5.71

1.7
718
6.16
0.63

10.32

7.55
5.05
7.01

6.97
3.61
6.21
8.07
5.49
10.90
8.15

7.40
6.21
572
7.39
12.20
1.03

ICP-MS

Nd
32.08
32.56
30.25
15.39
17.68
9.35

26.56
6.99
8.87
16.02
527
8.44
20.74
14.99
12.07
38.82

24.16

8.72

39.16
26.33
37.97
7.75

13.51
21.27
21.34

22.63
2222
11.99
25.26

5.38
30.36
9.22
25.20
23.03
4.54
5.42
10.63

21.32
12.31
25.95
14.81
15.69

16.49
14.49
32.03
17.07
14.75
14.11

2212
24.75
11.00
26.59
26.65
27.98
211

312

3.25

23.01
29.22
27.33
12.13
21.80
25.55

761
31.33
27.45
293

38.02
6.42

28.54
19.10
29.11
26.54
30.49
16.86
23.63
30.61
21.59
40.56
30.05

26.82
27.37
20.23
33.59
41.24
4.91

ICP-MS
Sm
7271
722
5.50
4.08
473
161

4.53
1.95
261
3.45
1.68
266
3.88
271
219
8.94

2.30

6.78
4.60
6.76
235
278
4.08
4.03

433
4.36
2.1
4.62

1.30
5.02
2.09
4.65
5.10
1.13
1.29
2.26

5.41
3.09
6.64
3.87
4.07

4.43
3.88
578
4.53
3.95
3.77

5.55
4.61
3.47
4.82
4.87
5.1
0.80
112
1.20
4.98
5.86
4.89
3.28
3.90
6.57

1.80
7.09

0.92

6.92
1.57
5.10
3.88
6.86
6.50
7.43
4.54
4.39
5.61
4.20
7.43
5.69

5.01
6.69
3.82
8.55
6.59
1.48

ICP-MS
Eu

245
2.39
1.35
1.51
1.70
0.29

0.76
0.43
0.76
1.25
0.55
1.05
0.94
043
0.49
1.84

0.80

143
0.94
1.17
0.56
0.67

0.86

1.09

0.50
1.06

0.43
1.15
0.51
117
1.52

0.44
0.66

1.81
1.06
224

1.48

1.55
1.37
1.14
167
1.40
1.38

123
1.09
0.98
1.14
112
1.26
0.24
0.40
0.37
1.30
1.93
1.20
1.18
0.90
224

0.62
231

0.36

1.50

1.25
1.01
1.73

230
1.67
1.03
141
1.16
1.67
1.30

1.09
214
0.77
3.12
1.39
0.50

ICP-MS
Gd
7.23
6.79
4.33
4.62
529
1.13

3.29
249
3.19
34
2.30
3.41
3.19
2.1
1.88
9.15

2.81

5.31
3.72
5.18
278
262

2.94

375

1.75
3.70

1.28
3.73
2.05
3.66
4.76
1.13
1.30
2.1

5.76
3.22
7.29
417
4.45

5.05
4.38
4.45
5.07
4.41
4.22

5.87
3.80
3.89
3.7
3.75
3.99
117

177
5.60
5.77
4.08
3.68
2.86
7.08

1.82
6.91
7.02
1.19

5.32
172
3.82
3.39
723

7.86
5.25
341
4.42
3.34
5.94
4.81

4.22

3.39
9.50
4.59
1.80

ICP-MS
Tb

1.07
1.02
0.59
0.74
0.86
0.15

0.43
0.41
0.54
0.52
0.41
0.59
0.47
0.33
0.28
1.51

0.47

0.77
0.58
0.77
0.49
0.40
0.39
0.35

0.56
0.56
0.29
0.53

0.21
0.53
0.31
0.51
0.71
0.18
0.19
0.32

0.94
0.52
1.19
0.68
0.73

0.82
0.70
0.65
0.82
0.71
0.69

1.00
0.58
0.67
0.49
0.50
0.55
0.22
0.30
0.33
0.98
0.98
0.61
0.59
0.39
1.15

0.27
1.03
1.08
0.21

0.73
0.26
0.51
0.50
1.22
113
1.23
0.84
0.47
0.61
0.47
0.83
0.74

0.65
1.10
0.55
1.50
0.63
0.31

ICP-MS
Dy
6.07
5.78
3.30
4.47
5.14
0.78

220
2,63
3.53
3.16
277
3.86
2.61
1.94
1.64
9.11

3.07

4.49
3.60
442
3.16
238

1.68

3.24
3.23
1.71
2.85

1.26
295
1.74
2.87
3.94
1.07
1.09
1.94

5.68
3.17
713
4.15
4.41

4.97
427
3.72
4.98
4.28
4.23

6.11
3.33
411
264
2.85
3.05
1.51
207
2.32
6.41
6.01
3.48
3.60
217
6.92

1.54
5.91
6.19
1.37

3.94

288
2.85
7.61

7.30
5.20
269

269
4.74
433

3.78

3.49
8.98
3.49
1.99

ICP-MS
Er

3.00
2.84
1.79
2.39
278
0.45

124
1.81
233
1.90
1.93
251
137
1.26
0.98
4.84

1.96

263
2.37
246
197
1.34

0.82

1.69

0.97
1.40

0.75
1.67
0.90
1.56
191
0.62
0.63
113

3.05
167
3.79
222
241

272
2.28
214
269
235
229

3.41
1.80
2.26
1.35
1.55
1.70
1.04
1.44
1.55
4.03
2.59
1.93
1.93
1.16
3.70

0.76
297

0.89

213
0.85
1.61
1.53
4.46

3.95
2.85
1.53

1.55
267
251

2.16
3.47
226
4.88
217
1.26

ICP-MS
Yb

242
224
1.64
2.05
244
0.47

1.34
1.98
2.38

224
2.63
127

1.03
4.35

1.85

2.64
2.50
244
197
1.23
1.12
0.90

1.35

0.88
1.40

0.82
174
0.86
1.45
1.60

0.65
1.08

2.62
1.30
3.26
1.88
215

242
1.98
222
238
210
1.98

3
1.75
217
1.10
1.49
1.59
1.10

3.15

213
3.12
252
429
261
1.23

ICP-MS
Lu

0.32
0.29
0.23
0.29
0.35
0.07

0.21
0.31
0.35
0.30
0.36
0.36
0.18
0.20
0.16
0.56

0.26

0.39
0.38
0.36
0.28
0.16
0.17
0.13

0.16
0.15
0.11
0.22

0.13
0.27
0.13
0.21
0.23
0.10
0.10
0.16

0.36
0.17
0.45
0.26
0.31

0.36
0.28
0.34
0.34
0.30
0.27

0.43
0.25
0.30
0.15
0.23
0.23
0.16
0.23
0.21
0.55
0.18
0.27
0.23
0.16
0.42

0.09
0.35
0.34
0.13

0.32
0.14
0.23
0.24
0.64
0.58
0.52
0.38
0.23
0.30
0.24
0.38
0.38

0.32
0.46
0.39
0.62
0.44
0.18

ICP-MS
Th

2.02
1.67
8.57
0.80
1.03
3.66

10.61
0.69
1.00
3.01
0.98
0.93
8.58
11.41
8.83
5.53

0.54

13.91
9.96
13.11
0.83
5.59
523
5.51

6.10
5.09
6.52
7.32

1.01
11.91
2.04
6.87
0.75
0.95
0.69
3.14

0.88
0.39
177
0.58
0.69

0.95
0.66
13.21
0.82
0.77
0.68

2.81
6.75
3.63
5.82
6.77
6.76
0.17
0.19
0.24
0.65
1.69
6.56
0.72
6.45
1.70

0.31
1.67

0.22

10.60
127
6.43
6.37
4.52
3.82
3.34
0.96
6.28
8.53
4.53
12.53
9.72

8.98
223
13.42
2.68
19.22
0.60

ICP-MS
u

0.67
0.67
1.81
0.26
0.32
1.49

3.54
1.93
0.29
0.79
0.30
0.30
246
344
228
1.57

0.31

273
197
2.56
0.31
255

0.96

1.26

1.04
1.16

0.45
252
241
1.35
0.24
0.54
0.46
0.80

0.40
0.29
0.50

0.30

0.29
0.22
265
0.27
0.26
0.22

0.86
1.59
1.66
1.40
174
1.85
0.10
0.15
0.09
0.64
0.79
0.78
0.26
1.35
0.52

0.15
0.68
0.53
0.1

1.52
0.63
219
1.82
1.83

1.35
0.60
1.84

1.22
3.01
212

207
0.65
5.04
0.75
3.55
0.26

eNd(t=475Ma)
2.48

-8.02

-6.30
-5.48
267

-4.10

5.90

4.07
4.30

-7.01

4.81

246
-11.57
4.58
-6.85

-11.50

-7.98

143Nd/144Nd
0.512579

0.51195

0.512014
0.512092
0.512579

0.512216

0.512689

0.51272

0.512733
0.51275

0.512008

0.512948

0.512529
0.51177

0.512769
0.512012

0.511779

0.511918

+
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