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Cover photograph
Weathered crust of the Triassic granites, REE-bearing saprolite

Ion-absorption-type REE ores occur widely in weathered crust of the various granites of mainly
Yanshanian (Jurassic- Cretaceous) age in southern China. The same possibility is seen in the
granitoids of northernmost Vietnam, because the weathering is also well-developed. The host granite
was here dated to belong to Triassic in age. REE-bearing clay-rich saprolite has been developed so
thick that the age could be older than Quaternary.

(Photograph and caption by Shunso Ishihara)
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Tadashi Maruyama and Masaru Saito (2014) Identification of volcanic glass bearing Daisen-Kurayoshi
tephra (DKP) from borehole core at Horinji, Nanto City, Toyama Prefecture, and its implications for
estimating long-term slip rate on active faults in the Hokuriku region, Bull. Geol. Surv. Japan, vol.65(1/2),
pl-9, 8 figs, 2 table.

Abstract: We report occurrence and petrological characteristics of the Daisen-Kurayoshi tephra (DKP;
>55 ka), a late Pleistocene widespread tephra in Japan, identified from borehole cores at Horinji, Nanto
City, Toyama Prefecture, drilled for defining shallow subsurface geometry of the Horinji fault. DKP
found from the cores contains abundant volcanic glasses compared with the heavy minerals such as
orthopyroxene and hornblende, whose occurrence is very rare because the glasses are commonly altered
into clay minerals. Range of refractive index of the volcanic glass, reported for the first time in and
around Hokuriku region including Toyama, as well as that of orthopyroxene and hornblende, is similar
to that of the source area. Result of pollen analysis of organic silt just below DKP suggests that the silt
was accumulated under cool climatic condition correlated with the period of marine oxygen isotope stage
(MIS) 3. Identification of intact DKP from downthrown side of the Horinji fault implies that the precise
correlation of the strata or terrace surfaces of MIS 3 separated by faulting might be possible through
detailed examination of the strata with tephra and pollen analyses, which provides basis for determining
more reliable long-term slip rate of active faults in the Hokuriku region.

Keywords: Daisen-Kurayoshi tephra, volcanic glass, late Pleistocene, Toyama Prefecture, Hokuriku
region, active fault
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Fig. 1 Map showing isopach of Daisen-Kurayoshi tephra (DKP)

in centimeter and study area (shown in star). Isopach
map is after Machida and Arai (2003).
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Map showing location of borehole transect (shown

in star with its coordinates) across the Horinji fault at
Horinji, Nanto City, Toyama Prefecture. Distribution

Fig. 2

of active fault is after Nakata and Imaizumi (2002).
Triangles denote hanging wall side. 1:25,000
topographic map “Fukumitsu” published by Geospatial
Information Authority of Japan is used as a base map.
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Fig. 3

Geologic section across the Horinji fault at Horinji based on borehole transect (modified from National Institute of

Advanced Industrial Science and Technology, 2012). Sampling position for tephra and pollen analyses from core
HOB-1 is shown by black arrow. Arabic numerals denote stratigraphic units. Bold red line denotes the fault. See
National Institute of Advanced Industrial Science and Technology (2012) for detailed explanation.
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Fig.4  Photograph of core HOB-1 in depth from 13.0 m to 18.0

m showing the sampling positions for tephra analysis
(HOB-1-15.76) and pollen analysis (HOB-1-15.86). For
location of core HOB-1 see Fig. 3.

3. AIHER

31 FI7S9

7 7 5 M RIHOB-1-15.76 12D\ T, bR T-HLK &
CKINA T 2, #O58A KORG8 A P45 O T =R o il
Biro7z. Bk, ZhooMlEis(R) /sy /- 4 —vx
ANTRTE U 72, bR -R80E, K428 0.63-2mmdD #h kT 1+
FXIR L Uz, SRR (1995) 1248y, bRt
W BIMAIOT 2 i U 723 2 biEic L v lE L 7=,
TR A KI5 2 05 5ilk L, #2505 %
R, EIMAEDTPICELEE1R). KLd T 2
MEEN AL, ZOERE LA TR TS (5F
SH). WEMIREANLEE Y, QESMEIZE
Fha. SmEEPREIE, TEARKAEEERE L, RAE
A, NERGME L G GE1R). £/, KT
Z2001ZFRE L2 1 TIEEHHIE I Tnang oo, ik
iz EORER SR SN Kk, # IV T L
VIR S e o e, BOFRAOETETE A R O
a2 T % & DORKE T E LD S (6.

KIWA T 2, FOTEA KON 8 AP A DRSO JlE

20144 E65 & W1/2H

WA TKIZRT. Kl H 7 2 DREITHIX, n=1.500-
15160V Y Y &ERL, E— FiZn=1510fi%Th 5. #
JRA ORI, y=1.702-1.707D L ¥ ¥ T, T —
Fid y=1.70401 #% T & 5. %38 A 4 0 JE 7 % 1,
n,=1.677-1.682DL ¥ ¥ T, T— Fidn~1.678HIATH 5.

3.2 TEMMEESR

FIINPHETEIERE L N EDS B, F7IH T
7 B HRELL 22 30FHHOB-1-15.86 12X L T L 72 AE¥3L
OGN REF 2R KL OE SRR, Bk,
BR) 73D - =7 2 A IZIRTA L 7.

AR S IAERH LA B EE I L 72 (REIRE IR
ML, AEBIMENBHED 2 VTR L T3 8D %
< shi.

AKARIETIX, IFI@arsiiE, »n,y/ FELRS
FEL, EIE, ViHkE, tovE NvoFE 2)-7
BT v lilE, =VE—r Y ¥@EamE L FRE
BTIEAXBIBNLEL, I XY avgE, HAvy) sy
B, rovvvyE, FURYISEL vrEavE, t
VEL FEXE, FoHRaEEMES

iR

41 DKPDREE

LA ERER X M 72 ORHHOB-1-15.76 D SEMIFHL A A b &
T O R A 2305 5 RO SR 2 R TR s I v
7 vBAREEEROAIZ, WERERTH - #1979,
2003) IZFC S N=DKPOFRHH E —FL T3 (Fe6lX). %
7z, BOFREA (v =1.702-1.707 (& — F 1.704)) K O @
AP (n,=1.677-1.682 (F— F 1.678) DJEITEIZDNT
&, HJH - #HF(2003) 12 & 2 DKPOE ( ¢ =1.702-1.708
(£—F1.704), n=1.673-1.680 (E— K 1.678)) LI1XIT—
LT3, X502, kilH 7 2 DIEHTE (n=1.500-1.516)
&, A8 o M E fE (T BFn=1.506-1.512, k&
n=1.503-1.507 : &7% - MEH, 2002 5 n=1.508-1.514 : W] -
W, 2003) XD ERRL UV IYBEVEDOD, Bkt
—H LT3,

77 7 RBE T OAEBE S L FIHOB-1-15.86 DAE
By i OSSR, i R A ES OB R TH 5 2
FIMER AN RIEBRZEL, TOMIZE N FE,
SV VY FEFEORELEBB L RO NS, 7z,
3@, VIR, e, vV BRSOk L EHd 3
Z O & 512 BRFEHE SRR & i i TR SR Y £ 0
L, »ORAELTWEZER5, HOKMohTE
RWEMICH b LRI NS, T LKBEEREIE,
R Rl S OY AL P HbISk 0 1% HT5E 7 AR R <0 K B
WA IZHE D X DKPHERE 24 1 D &M 23 FF LW I8 ] (MIS
4) EEOWEI (MIS 3) #/ g & O (EIF, 19875 15
%, 2009) L BBORFTAMNTH 5. &, Kilk»



WL EgSE et kil g 7 22 G0 RkilESE T 7 7 Gl - 755E)

Bk 77 7 AROMKTHIK
Table 1

Grain composition of the tephra sample

Grain composition

upper. number, lower: %
Sample name

Heavy mineral
upper: number, lower: %

Volcanic ITight H_eavy Lithic Total Ortho- Horn- Opaque Other Total
glass mineral mineral fragment pyroxene blende mineral
122 58 18 2 200 36 141 22 1 200
HOB-1-1576 ————— === — = — = — m e e e e e e e e —— e —— — —
61.0 29.0 9.0 1.0 100.0 18.0 70.5 11.0 0.5 100.0

X80

200pm 0002 14476

5 GURHOB-1-15.76 22 & Bt & 7= kil 77 7 2 Da) $HHEIEH % Ub) SEMEi{4.
Fig.5  a) Photomicrograph and b) SEM image of the volcanic glasses from sample HOB-1-15.76.
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Fig. 6

ABHOB-1-15.76 7 & # iy & M7= RUTHEAR O
SRR

Photomicrograph of the orthopyroxene from
sample HOB-1-15.76.
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Count Number
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Refractive Index

0 T T T T

1.690 1.700 1.710 1.720

Refractive Index

Count Number

1.660 1.670 1.680 1.700
Refractive Index
$7X AFHOB-1-15.76 » 5t X L7z a) KiliH 5 &,

b) BTG R TY o) ol P o JE 4 .

Refractive indices of a) volcanic glass, b) orthopyroxene
and c) hornblende from sample HOB-1-15.76.
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Nonarboreal Pollen and Pteridophyta Spores
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Percentage diagram of pollen taxa from organic silt sample HOB-1-15.86. For Nonarboreal pollen-Pteridohyta

spores, percentage was shown with respect to the number subtracting unknown pollen from the total. @
and O in the diagram show less than 1% for Arboreal pollen and Nonarboreal pollen-Pteridohyta spores,

respectively.
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Table 2 Result of pollen analysis

M4 ¥4 hov r#
Japanese Name Scientific name Count number
AARTER Arboreal Pollen
EIE Abies 13
VHBE Tsuga 19
cOERE Picea 18
IYREHERER Pinus subgen. Haploxylon 7
IVUBEHERER Pinus subgen. Diploxylon 4
<YRE (F8) Pinus (Unknown) 17
Y+ XE Salix 7
YIYEER Myrica 1
YOTILIRE Pterocarya 4
IIVTR-TYHERE Carpinus - Ostrya 3
NUINZE Corylus 3
AV Betula 31
N X Alnus 21
TJ+E Fagus 1
aAFSRIFSHERE Quercus subgen. Lepidobalanus 44
aAFSETHAVER Quercus subgen. Cyclobalanopsis 14
ZLE-7VXE Ulmus - Zelkova 8
HITRE Acer 1
cF/XE Aesculus 1
JTKRYE Ampelopsis 2
YaXxE Araliaceae 2
__brUaR _____________ Fraxinus _ _ _ _ 3
BEARTEH Nonarboreal Polien T TTTTTTTTTTTTTTT
XNV avE Lysichiton 7
A4 =5 Gramineae 115
hy vy ouHE Cyperaceae 10
auyx Liliaceae 1
7 hYR Chenopodiaceae 1
hs<vyow Thalictrum 9
X URYERE Ranunculus 3
FURYSTHE Ranunculaceae 7
DANFYYIE Parnassia 1
JULEODE Sanguisorba 10
<7 AR Leguminosae 1
270Y9R Geranium 5
R Umbelliferae 47
JEXRE Artemisia 33
FOHEHR Carduoideae 22
R U RREF Cichorioideae 2
TEATEH Unknown
TERTEH Unknown 30
AT Pteridophyta Spores
UM E Osmunda 1
oS FEmF other Pteridophyta 23
CH TOTAL
RKARTEH Arboreal Pollen 225
BREH Nonarboreal Pollen 274
TERTE# Unknown Pollen 30
AT Pteridophyta Spores 24
it FHEKRLQ Total Number of Pollen and Spores 523
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BARISICE T 2EARFEAD K-Ar FRABE
— WHRIBEERMIRDO XS (FR 24 FEMR) —

BnAE—" - SfF g BEEX'

Akikazu Matsumoto, Yutaka Takahashi and Hideo Hoshizumi (2014) K-Ar age determinations of age-
unknown rocks in the Japanese Islands -igneous rocks in the areas associated with Geological Map Project
(fiscal 2012 version)- , Bull. Geol. Surv. Japan, vol.65 (1/2), p11-16, 6 figs, 1 table.

Abstract: In order to construct accurate geological maps of Japan, K-Ar ages of five plutonic rocks have
been determined during fiscal 2012 by the geochronological laboratory of Geological Survey of Japan,
AIST. The crystals of biotite in five plutonic rocks were isolated by using an isodynamic separator and
tapping processes. Each data of rock samples determined is associated with rock name, locality, collector,
geological setting, K-Ar age, analytical data and geological interpretation.

Keywords: K-Ar age, geological map of Japan, Takahagi District, Abukuma Granites
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NI 5 OB RN U T K-ArfEARGHlE % 17 - 72
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BITAVEAF I - L= —B KUy ¥
VORI TOEE - RS L BB RRRE T S s v 3 V kb
K-Ar SEQGHIEIZH W72, K-Ar SERAE S =B L
12, Aht e M RNEE, EER, GURHEMLE, FEoh
BARM, K-Ar AR, oM T — 2, WEAS RO WS
HFEricd L /-,

1. FUBHIC

PEESMAR AW OSBRI 7T a Y « & b T,
1/5 ik KO 120 TTHVBEXINE 2 1EK 3 2 BRI L %5 5
F A D SHFAIE O KGR 53 % SHER /AT B I i L C
7z UL, K17 FFE2 51, K-Ar 12K % Bt
AEAGHINE AV ATBE 2 AR TRRHZ D W T, AT O JigHE
RGPS A5 22T 5 Z & 2B L 7.
AT, TR 24 SRS K-Ar AERAE R T L 72
5BORRE KL, BREORAIZMT 5.

BB O HIEAERIZ DN T,

1. R4 3 K OIERS (KA No. © EERRIF K-Ar 44X

HIEZE D Serial No.)

2. WEHREE

3. Hhthd KU 2 ROk

4. PEME(ROE - REIE - HIEANAIHER TEOR)

5. WREEERSY

6. HEIRYL

7. K-ArFEREIR | o KUETIEOR), N REVR
8. T =2 )Y LAEHE(KO; %), HEHEIE

“AriE (Rad. “Ar; ml STP/g), FEMAHEEIE AR A
# (Non rad. “Ar; %)
9. JHIEHROME 1 E %
AL L 7.
AREDEED S B, MAIT K-Ar FRBEIZH T S
—HEOSMHREA Y L2z, SRR AT & &
12, KRS AT & e RS R O B = & i
WU BEE, SR EBERRRE T 77V 3
VIZE T DA EOH R AR O WA FEE 0O IRl
HY L 7=
Bk, SGHARLZ=ARBOMERSRESIHT 5B
i3, KANo. &AL, [HIERSROME =R O
#5IHT 2560, MREORS LI THLEL T
V- R

2. K-ArFRBIETE

K-Ar -0 FHEORE 0 F UL LU O FETIT - 7=
WHCERAR E 2 7 v L ZBFLRISTRIEEL, 520 T
0.15 ~ 0.25 mmf% (60 ~ 100 mesh size) {ZHii 2 721412, 7
AIVEAF Iyl - L =g =L E Yy TUHIZT

" WS RS2 ERT (AIST, Geological Survey of Japan, Institute of Geology and Geoinformation)
* Corresponding author: A. Matsumoto, Central 7, 1-1-1 Higashi, Tsukuba, Ibaraki 305-8567, Japan. E-mail: aki.matsumoto @aist.go.jp
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Fig.1  Index map of the 1:50,000 Takahagi Quadrangle
associated with K-Ar dating inGeological Map Project.
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DYRERE, B 95%LL FiZ 2 X5 1278l L 7=
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84 21 K A RINARF L TIT 5 72, 7L 3 v [Ef (R
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& Matsumoto and Kobayashi (199512 -7z, #) o 4D
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A, 1989) T » 72. KAr R DOFHIZHW -
BT, A ,=4.962x10"7y, 4.=0.581x10""7y, “K/K=0.01167
atom % C & 5 (Steiger and Jager, 1977) .

3. FRATEHERE TOMEFZNER
AWM TR-Ar FARME & FhE L 72 175 Tk X
M A Fig. 1 1SR & & 81, Kilbonsihs—4 %
Table 1 IZF & 7. DIT, KibEHIBI§ % A A AL
AT, WEBROMEFHERII DOV THRNS.
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Fig.2  Sampling points for K-Ar dating in the 1:50,000

Takahagi Quadrangle-1. Plotted on a part of topographic
map “Satomibokujo” at 1:25,000 in scale by Geospatial

Information Authority of Japan.
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CIRES /5 T3 TRk | AR bR 2 53 A 4 % PR OK-Ar 44K

Table 1 K-Ar ages of plutonic rocks in the 1:50,000 Takahagi Quadrangle.
KA Sample Rock type Fraction Weight of K,0 Rad. “Ar Non rad. K-Ar age
No. L.D. sample (g) (%) (10°mISTP/g)  **Ar (%) (Ma)
4067 TH-026 Diorite Biotite 0.0106 6.28 20.5+0.2 5.94 98.7+1.1
4069 TH-014 Granodiorite Biotite 0.0108 8.29 28.7+0.3 5.21 104.1+1.1
4070 TH-223 Granodiorite Biotite 0.0104 8.26 27.44+0.3 5.69 100.1£1.1
4068 TH-007 Granodiorite Biotite 0.0108 8.23 27.6£0.3 7.24 101.1+1.1
4066 YZ-127 Granite Biotite 0.0111 7.08 20.8+0.2 7.67 89.1£1.0

The decay constants used in the present study are 1,=4.962x10™"/y, 1,=0.581x10""/y and “’K/K=0.01167 atom % (Steiger and Jager, 1977). Errors

are at the 1o uncertainty level.

MAICX e hs, ZhofilaficdL cions
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Fig.3  Sampling point for K-Ar dating in the 1:50,000 Takahagi
Quadrangle-2. Plotted on a part of topographic
map “Takahagi” at 1:25,000 in scale by Geospatial
Information Authority of Japan.
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Fig.4  Sampling point for K-Ar dating in the 1:50,000 Takahagi
Quadrangle-3. Plotted on a part of topographic map
“Satomibokujo” at 1:25,000 in scale by Geospatial
Information Authority of Japan.

7o Ry ARAE R PO 13, ARk Jo & O L I AE e
PifEic AL, BHEERSICHEAZIh WS, 5
[Fl15 5 N 7o 2R K-Ar P (101.1 = 1.1 Ma) iE, A%
RICEHA N3 FEH{ERNRE O RERE K-Ar 444
(100.1 1.1 Ma : A#HH) &MRIPIRRS O RER K-Ar
H40098.7 £ 1.1 Ma : AE) DWFHITH L TEHAE
OFPHNTEB L2, 77, RELTVEERTDH BEH
BACR S O RZER K-Ar FUR9.1+1.0 Ma) KD & FH
EITH <, WESRRILE FIE L o,

HAHE S LOREES 1 YZ-127 (KA4066)

AERHREE GG v GO SFATErr)

BRI ALEERERS
TR E - S (T, —EBY AR RIS HR), #HR
A (HE~EEFE, RARE 2.5 mm), # ) EhA (b,
RFEIER) , BER (BE~FHE, e, KRR
2mm), LK AR EE~FEE, RARE 1.5 mm).
TSR - AEYIG, Yra v,

FEHE @ SRORILE PRI L SENT = H YRS /589 0.5 km
DI (36° 48 467 N, 140° 30’ 277 E; Fig. 6)

WREEASE « BB RS ()

WERR - BB R AL, mERT B L A
% Pl IR FRAE el 5 FH O a3 B /BB 1A (59 10
X3 km) Tdh 5. ARilEHIE A BACR S A OILmE »
5ERELL 72



HAFNSFEARARE A A D K-Ar FAME (A - S5 - 213)

A oA
o e 22, 5
%5 K-Ar FAGHIE GORHR AU R A& X 1/5 5[ E#k ]
Bk — 4 . E LI PREEFELT 1/25,000 S [ 5EE
B oD — 3 2 fdi Fi.

Fig.5  Sampling point for K-Ar dating in the 1:50,000 Takahagi
Quadrangle-4. Plotted on a part of topographic map

“Tatsuwaresan” at 1:25,000 in scale by Geospatial
Information Authority of Japan.
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Zircon U-Pb age of the Triassic granitoids at Nui Phao, northern Viet Nam
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Abstract: Rock-forming zircon was separated from so-called Triassic granitoids at Nui Phao in the
northern Viet Nam, and the contained zircons were dated by LA-ICPMS U-Pb method, as the earliest
Triassic of ca. 250 Ma. These new results are suggestive to identify the formation ages of Sn-W and

REE ore deposits hosted in the granitoids.

Keywords: North Viet Nam, granitoid, Triassic, Permian, Ion-absorption REE deposit, tin, tungsten, Nui

Phao

1. Introduction

Both calc-alkaline and alkaline granitoids of the Phanerozoic
age are distributed in the northernmost part of Viet Nam. The
calc-alkaline granitoids occur in sedimentary terrains in the
northeastern part of the Red River (Song Hong) Fault (Chu
ed., 2006), while the alkaline granitoids with younger ages
(Hayashi et al., 2009; Trung et al., 2007) predominate in the
southwestern part from the Red River fault (Fig. 1). In the Nui
Phao Tam Dao tin-tungsten mineralized district of the sheet map
F-48-XXII “Tuyen Quang” in North Vietnam (Long ed., 2001),
three stages of Phanerozoic granitoids are described, namely
Devonian, Triassic and Cretaceous. Yet, there is no age dating
on these granitoids.

Recently, scheelite-fluorite mineralized ores were discovered
at Nui Phao of the sheet map (Richards et al., 2003), and the ore
deposits were identified to be a zoned skarn type around the Da
Lien granite (Someya, 2012). Mica minerals are abundant in this
ore body and were dated by Ar-Ar method to have Cretaceous
in age (81.5-83.7 Ma, Sanematsu and Ishihara, 2011). Yet no
age dating has been performed on the other “Triassic” Nui Phao
granitoids. This paper describes the U-Pb age determination on

zircon separated from the Nui Phao granitoids.

2. Geologic Outline

In the studied region, the oldest rock unit is Precambrian

gneisses and intrusive rocks, which are distributed in the western

part of the studied area (Fig. 2). The other wider part of the
area is essentially Paleozoic-Mesozoic sedimentary terrain,
which are composed of Cambrian crystalline schist, phyllite
and limestone, Ordovician sandstone-bearing chert, limestone

and shale, and Devonian calcareous sandstone and shale. Two

E 1|O4

Song Hong Fault

E 1|O6

|
Ha Giang Cao Bang[]

South China Plate
[ Bac Kan

Fig.2
D [ Thai-Niguyen

N21

100km
Tu Le Rift
Song Da Rift
Song Ma Suture  |ndochina plate

Proterozoic. =
metamorphics —

Fig. 1 Geological setting of the northern Viet Nam.

Triassic sedimentary units, (a) coal-bearing sandstone, shale

and conglomerate, and (2) shale and sandstone alternation, are

present in the eastern part of the studied area (Fig. 2).
Granitoids are classified as Devonian, Triassic and Creta-

ceous, among which the Triassic one is most widely exposed in
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the studied area (Long ed., 2001), as Nui Dieng, Khuon Phau
and Nui Phao plutons (Fig. 2). Coeval Triassic volcanic unit of
felsic porphyry and tuffs occurs together with the Nui Dieng
and Khuon Phau granitoids in the middle southern part of the
area (e.g., Tam Dao Mtn., Fig. 2). Thus, they can be considered
as a volcano-plutonic complex. The Nui Phao granitic complex
is associated with no volcanic equivalent and is intruded by
Cretaceous Da Lien granitoids.

The Triassic granitoids here are stock in size (<100 km?),
intruding into the Cambrian to Devonian strata (Fig. 2). Around
the Nui Phao body, it is said that the granitoid intrudes into
middle Triassic Na Khuat Formation and is covered by basal
conglomerate of Jurassic Ha Choi Formation (Long ed., 2001, p.
66). This field observation implies that the examined granitoids
should be dated younger than the middle Triassic in age.

In the Nui Phao area, the Triassic granitoids are generally
called Nui Phao Granite by mining geologists. This is composed

of coarse-grained porphyritic biotite granite with relatively high

color index as granite, but with low magnetic susceptibilities
(i.e., ilmenite series). Intruding into the Ordovician calcare-
ous sediments and Triassic granite, very small Cretaceous
granitic body, called as Da Lien Granite, occurs together with
cassiterite-quartz greisen, cassiterite-dissemination and scheelite
skarnization at the northern margin of the Triassic Nui Phao
granitoids (Fig. 2). This Cretaceous granite is a muscovite and/
or biotite granitic body containing tourmaline and fluorite in
highly leucocratic phases.

A total of 88 million tons of the ores containing 0.19 % WO,,
0.18 % Cu, 0.09 % Bi, 0.19 g/t Au and 7.95 % CaF,, are known
in the skarn ore deposit (Richards ez al., 2003). Someya (2012)
studied the skarn orebody and clarified zoning of the skarn
minerals; i.e., garnet, clinopyroxene, and amphibole skarns,
formed from the granite to the wall rock side, and the formation
temperature of the ore minerals under the strongly reducing
conditions around 400°C.

As Quaternary ore deposits, cassiterite placer has been mined
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in many places by local people. The Nui Phao granitoids are
heavily weathered to thick saprolite in the Nui Phao area (Photo.
1A). Thus, it may contain the ion-absorption-type REE deposits
in the saprolite, and its possibility was studied in details by Omura
(2008) and Mentani (2011). This kind of the ore deposits are
common in the Early Yanshanian granite region in the southern
China (Murakami and Ishihara, 2008), and similar weathering
condition is expected in the northern Viet Nam during the past

geologic time.

3. The Nui Phao Granitoids and Analyzed Samples

In the studied area, the Nui Phao Triassic granite is a
coarse-grained biotite granitic stock with many cassiterite and
wolframite anomalies (Fig. 2), and with no radiometric age data.
The Cretaceous Da Lien granite is tourmaline-bearing two-mica
variety, occurring as small cupola genetically related to the
tungsten skarn mineralization.

Biotite and muscovite of the altered and mineralized granite
were dated by “’Ar/* Ar method (Sanematsu and Ishihara, 2011).
All the four biotite and muscovite samples showed Cretaceous
ages between 81.5 and 83.7 Ma, even including one Triassic-
looking coarse-grained granite sample. Thus, the Cretaceous
age for the mineralization was confirmed, but the age of the Nui

Phao granite remained unknown.

3.1 Examined samples

Two samples were selected; one from the largest outcrop of
the Nui Phao granitoids at the community of Nui Phao (Photo.
1A), while the other from nearby abandoned drill core for the

construction of the mine facility. The analyzed sample of NP-1
was taken from the fresh block remaining in the huge reddish
outcrop (Photo. 1A), and NP-2 was taken from abandoned drill
cores for the mine construction. Both granite samples have a
high color index as granite, containing no hornblende but biotite.
Mafic enclaves are rare but some sedimentary enclaves are pres-
ent. The magnetic susceptibility is measured in field is low,
below 3.0 x 10 SI unit, which means that the rock belongs to
the ilmenite-series granitoid of Ishihara (1977).

Under the microscope, the rock is coarse-grained, relatively
unaltered. Quartz is most abundant, often rounded in form and
sometimes occurring as microveinlets. It shows weak wavy
extinction, meaning local stress effect during high temperature
stage, and the following substages. Plagioclase is dusty and alkali
feldspar contains rarely perthite flakes. Biotite has two modes
of occurrence: one euhedral crystals having clear cleavage and
greenish brown in the Z-axis, while the other is irregular in shape
with reddish brown in color. The latter could be recrystallized
variety.

Separated zircon crystals are shown in Photograph 1B. They
are mostly euhedral forms, and are considered magmatic in

origin.

3.2 Analytical results and age of mineralization

U-Pb ages for the obtained zircons are analyzed by LA-
ICPMS set in the Earthquake Research Institute, the University
of Tokyo. The analytical method is the same as those described
in Orihashi et al. (2008). The results on the two samples are
listed in Table 1, The Tera-Wasserburg Concordia diagrams are
shown in Fig. 3. Both the examined rocks showed the earliest

Triassic age around 250 Ma, in assuming that the Permian and

Photograph. 1A Weathered outcrop of the Triassic granite at Nui Phao. The weathered crusts often exceed 10 meters in thickness.
Photograph. 1B

Separated zircon grains used for the age dating (Sample NP-1).
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Table. 1 U-Pb isotopic data for zircon crystals from the samples NP-1 and NP-2, determined by LA-ICP-MS.

Spot ThU  *"Pb/*Pb Error 2"°Pb/*U Error 2"Pb/**U Error Disc’ 2*U-2%Pb age Error 25y-2py age  Error
no. 20 26 20 (%) (Ma) 20 (Ma) 20
1) Sample: NP-1
1 0.23 0.0499 = 0.0023  0.0408 £ 0.0015 0.281 + 0.017 258 + 10 251 + 15
2 0.39 0.0513 = 0.0025  0.0411 £ 0.0016 0.291 + 0.018 260 + 10 259 + 16
37 023 0.0522 = 0.0023  0.0432 + 0.0016 0.311 = 0.018 273 £ 10 275+ 16
4 0.31 0.0528 + 0.0024  0.0403 + 0.0015 0.293 + 0.017 254 + 10 261 £ 15
5 0.32 0.0507 £ 0.0024  0.0401 + 0.0015 0.280 + 0.017 253+ 10 251 + 15
6 0.28 0.0518 + 0.0024  0.0401 + 0.0015 0.287 + 0.017 254+ 10 256 + 15
7 7 026 0.0518 = 0.0024  0.0466 + 0.0018 0.333 = 0.020 294 + 11 292 + 17
8 0.29 0.0506 = 0.0023  0.0410 + 0.0016 0.286 = 0.017 259 £ 10 255+ 15
9 0.33 0.0526 = 0.0025  0.0405 + 0.0015 0.294 + 0.018 256 = 10 261 + 16
0 " 017 0.1184 + 0.0066  0.1067 + 0.0043 1.74 £ 0.12 -42 654 + 26 1,024 + 71
117 030 0.0620 = 0.0038  0.0375 £ 0.0015 0.321 £ 0.024  -6.1 237+ 10 282 + 21
12 0.27 0.0575 = 0.0036  0.0421 £ 0.0017 0.334 + 0.025 266 + 11 293 + 22
13 0.13 0.0498 = 0.0030  0.0410 + 0.0017 0.282 + 0.020 259 + 11 252 + 18
14 0.29 0.0496 + 0.0031 0.0399 = 0.0016 0.273 = 0.021 252+ 10 245 + 18
15 7 011 0.0786 = 0.0044  0.1680 + 0.0068 1.82+ 0.13 1,001 + 41 1,053 + 73
16 0.25 0.0522 = 0.0033  0.0401 £ 0.0016 0.289 + 0.022 254+ 10 258 + 19
17 0.25 0.0535 = 0.0033  0.0377 £ 0.0015 0.278 = 0.021 239 £ 10 249 + 19
18 0.20 0.0520 = 0.0032  0.0409 + 0.0017 0.293 = 0.021 258 + 11 261 + 19
19 0.14 0.0523 = 0.0019  0.0395 + 0.0010 0.285 + 0.013 2499 + 6.4 255+ 11
200 7050 0.0566 = 0.0020  0.0400 £ 0.0010 0.312 + 0.014 -1.6 2530+ 6.5 276 + 12
21 0.23 0.0514 = 0.0019  0.0402 + 0.0010 0.285 + 0.013 2539+ 6.5 254 + 11
22 0.25 0.0519 = 0.0018  0.0382 + 0.0010 0.273 = 0.012 2419+ 6.2 245 + 11
23 0.33 0.0539 + 0.0021 0.0394 + 0.0010 0.293 = 0.014 2489 + 6.4 261 + 12
24 0.29 0.0535 = 0.0017  0.0394 + 0.0010 0.291 = 0.012 2493 + 6.4 259 + 11
25 0.26 0.0532 = 0.0019  0.0388 + 0.0010 0.285 + 0.012 2453+ 6.3 254 £ 11
26 0.28 0.0529 = 0.0018  0.0383 + 0.0010 0.279 + 0.012 2422+ 6.2 250 + 11
27 7 034 0.0642 = 0.0019  0.0668 + 0.0017 0.591 + 0.023  -6.2 417 + 11 472 + 18

Weighted average of By 2 pp age (N =20) 250.7 = 3.1 (95% conf.; MSWD = 2.6)
2) Sample: NP-2

1 0.19 0.0538 £ 0.0034  0.0398 £ 0.0015 0.296 + 0.022 2518+ 9.3 263 = 19
2 0.29 0.0518 £ 0.0030  0.0392 + 0.0014 0.279 £ 0.019 2476 + 9.1 250 = 17
37 075 0.1220 = 0.0066  0.0435 £ 0.0016 0.732 = 0.048 -86 275 + 10 558 + 36
4 0.32 0.0541 = 0.0033 0.0393 = 0.0015 0.293 £ 0.021 2483 + 9.2 261 = 19
5 7 024 0.0546 = 0.0033 0.0374 = 0.0014 0.282 £ 0.020 236.7+ 8.7 252 + 18
6 027 0.0711 = 0.0038  0.0579 = 0.0021 0.568 £ 0.037 -14 363 £ 13 457 + 30
77010 0.0760 = 0.0042  0.0710 £ 0.0026 0.743 = 0.050 -15 442 + 16 564 + 38
8 0.32 0.0528 = 0.0034  0.0394 £ 0.0015 0.287 £ 0.021 2494 + 93 256 + 19
9 058 0.0571 = 0.0034  0.0589 = 0.0021 0.464 + 0.032 369 = 13 387 = 26
10 " 019 0.0538 £ 0.0027  0.0457 £ 0.0016 0.339 £ 0.021 288 + 10 296 + 18
11 0.24 0.0525 £ 0.0027  0.0401 £ 0.0014 0.291 £ 0.018 2537+ 8.8 259 + 16
12 0.27 0.0504 = 0.0027  0.0391 £ 0.0014 0.272 £ 0.017 2472 + 8.6 244 + 16
13 0.25 0.0488 = 0.0028  0.0396 + 0.0014 0.266 = 0.018 250.5 + 8.7 240 = 16
14 0.27 0.0506 = 0.0028  0.0392 + 0.0014 0.273 £ 0.018 2479 + 8.6 245 + 16
15 7 002 0.1164 £ 0.0049  0.2232 £ 0.0076 3.584 £ 0.194 9.2 1,299 + 44 1,546 + 84
16 0.28 0.0503 = 0.0029  0.0385 = 0.0013 0.267 £ 0.018 2432+ 8.5 240 = 16
17 0.29 0.0502 = 0.0027  0.0390 + 0.0014 0.270 £ 0.018 2469 + 8.6 243 + 16
18 0.11 0.0540 = 0.0022  0.0397 £ 0.0012 0.296 £ 0.015 2511+ 75 263 + 13
19 0.16 0.0508 = 0.0022  0.0390 + 0.0012 0.273 £ 0.014 2467+ 7.4 245 + 13
20 0.30 0.0548 £ 0.0024  0.0407 £ 0.0012 0.308 £ 0.016 2573+ 7.7 272 + 14
21 7 120 0.1463 = 0.0057  0.0427 £ 0.0013 0.861 £ 0.042  -120 269.3 + 8.0 631 = 31
2 7 018 0.0608 = 0.0024  0.0540 £ 0.0016 0.452 + 0.023 -3.3 339+ 10 379+ 19
23 7042 0.0724 = 0.0029  0.1064 £ 0.0032 1.063 = 0.053 -4.2 652 £ 19 735 + 36
24 7035 0.0540 £ 0.0022  0.0502 £ 0.0015 0.374 £ 0.019 3159+ 94 322+ 16
25 0.27 0.0542 £ 0.0024  0.0396 £ 0.0012 0.295 £ 0.016 250.1+ 7.5 263 + 14
26 033 0.0524 = 0.0024  0.0412 £ 0.0012 0.298 + 0.016 260.2 + 7.8 265 + 15

238 206

Weighted average of " U - """ Pb age (N =14) 249.5 £ 2.2 (95% conf.; MSWD = 0.72)

238; 1 206

" Because the data are either statistically rejected or discordant, the data are not included calculating the weighted average of ~"U-"" Pb age.
Degree of discordance (%); negative numbers and blanks show normal discordant and concordanct within 2c of the analytical error, respectively.
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Fig. 3 Tera-Wasserburg concordia diagrams of U-Pb SHRIMP zircon data.

Triassic (P-T) boundary is 252.2 Ma (The Geologic Time Scale
2012, Gradstein et al. eds., 2012).

There are many Sn and W showings described in the studied
region (Fig. 2). Age of the showings is yet unknown except for
the Nui Phao W-Cu-F deposits, which were identified geneti-
cally related to the nearby Cretaceous granite. A coarse-grained
granite looking similar to the Triassic granite (NP161), showed
no plateau but the total fusion age of a Cretaceous as 78.8 Ma
(Sanematsu and Ishihara, 2011). This granite must have been
originally the Triassic in age, but re-equilibrated when it was
captured as a xenolith by the Cretaceous granite magma. It is
interesting to know if the other Sn and W showings are associ-

ated with Triassic or Cretaceous granites.

4. Correlation to Other Region

In the sedimentary terranes of northern Vietnam, there are a
few sporadic intrusive bodies of granitic composition described
in the same age group (i.e., Chu Bien ed., 2006). About 100 km
north of our studied area, similar ages were reported recently by
Roger et al. (2012), as Triassic Phia Bioc Granite as 245 Ma,

whose intrusion was considered related to the nappe tectonism of

the sedimentary rocks. This age is very close but slightly younger
than our result of 250 Ma.

Roger et al. (2012) also reported 87.3 Ma for the Cretaceous
Phia Oac Granite. We have only *’Ar-*?Ar ages of 81.5-83.7
Ma on mica minerals related to W-F mineralization. Zircon age
needs to be examined on the Cretaceous granite, hosting the

W-F skarn deposits.

5. Concluding Remarks

Tin and tungsten deposits in northern Viet Nam are generally
known to have Cretaceous age (Anh et al., 2010; Sanematsu and
Ishihara, 2011), and are related often to leucogranites (e.g., Nui
Phao and Thien Ke, Fig. 2). Within the earliest Triassic granite
in question, many occurrences of the cassiterite- silicate-sulfide
association are described in Fig. 2 by Kiem and Luyen (1991)
and Long ed. (2001). It is interesting to know whether or not
these mineralizations are related to the host Triassic granitoids
or Cretaceous leucogranites still hidden close to the cassiterite-
sulfide ore deposits.

There are questionable subject on saprolite REE deposits.

The best host rock for the ion-adsorption-type REE deposit
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seems to be two-mica granite, as seen in the Longnan area in
southern China (Wu et al., 1990). This type of granite has not
been reported widely in the studied area. However, detailed
petrographical studies are necessary for the Triassic granite in
order to evaluate a resource potentiality of REE saprolite, as well

as cassiterite and/or tungsten ore deposits.
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