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Relation between occurrence and chemical compositions of prehnite in
hydrothermally altered dolerite from Mitsu, Shimane Peninsula, Japan.

Mariko Nagashima*, Kiyoka Iwasa** and Masahide Akasaka**

Abstract

Some secondary minerals such as prehnite, pumpellyite, babingtonite and laumontite occur in druses, veins, and nodular
aggregates in the hydrothermally altered Miocene dolerite sills distributing in the north coast of Shimane Peninsula, Japan.
This study gives a special focus on the occurrence of prehnite from Mitsu area. Prehnite shows two modes of occurrences:
a druse and vein mineral (prehnite 1) which is associated with Fe-rich pumpellyite and laumontite, and a replacement of the
primary plagioclase (prehnite 11). Main minerals in rock specimens containing prehnite | are plagioclase and K-feldspar,
but they are not observed in those containing prehnite 11. Total Fe,O5 contents of prehnite | and 1l attain up to 8.14 and
8.61 wt.%, respectively. The Fe content of prehnite I varies in a range between 0.33 and 0.44 Fe®* atoms per formula unit
(apfu; per O14(OH),), whereas the Fe content of prehnite Il from 0.01 to 0.46 Fe3* apfu. Their different compositional ranges
can be due to the formation process: prehnite I formed directly from hydrothermal fluids and/or vapor in the druses and
fissures; prehnite 11 occurring as pseudomorph of plagioclase was crystallized through alteration process of plagioclase by
hydrothermal fluids/vapor. In general, iron in prehnite is ferric in prehnite. However, in some prehnite I grains deficient in

Ca, Fe?* is assumed to replace a part of Ca.
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Fig. 1. Distribution of Miocene intrusives having basic to intermediate composition in Shimane Peninsula
after seamless digital geological map of Japan (1:200,000) by Geological Survey of Japan, AIST
(2014). Sills A, B and C are those in Kano et al. (1986).
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Fig. 2. Modes of occurrence of prehnite and its associated minerals. (a) Druse with pumpellyite (dark green part) in course-grained
metadolerite outcrop. (b) Druse mainly composed of prehnite (white part) and pumpellyite (dark green). (c) Spheroidal prehnite
forming aggregate framed by break line in (b). (d) Druse mainly filled with laumontite (white part). (¢) Hand specimen mostly

composed of prehnite.
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Fig. 3. Microphotograph (a, b), back-scattered electron images (c, d, e, f), and element concentration maps (d, e, f) of sample I.
(a) Spheroidal aggregate of prismatic prehnite (Prh) growing over pumpellyite (Pmp) aggregate (crossed nicols). (b) Pmp in
dusty plagioclase (P1) crystals. (c) pumpellyite filling interstices of plagioclase and K-feldspar (K-fel). Titanite (Ttn), REE-
bearing epidote (REE-Ep) and native gold (Au) also occur as accessory phases. (d) ilmenite (1lm) and Ti-rich magnetite (Ti-
Mag) associated with plagioclase and clinopyroxene (Cpx). (€) prismatic baddeleyite (Bdy) crystal formed in interstices of
plagioclase and K-feldspar. (f) spheroidal prehnite growing over pumpellyite aggregate.
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Table 1 Mineral assemblages of metadolerite from Mitsu,
Shimane Peninsula

Sample

Fe-rich prehnite

Fe-rich pumpellyite

Laumontite

Quartz

Plagioclase

K-feldspar

Clinopyroxene

Calcite

REE-bearing epidote*

Flourapatite*

Titanite

limenite

Ti-rich magnetite*

Baddeleyite*

Chalcopyrite*

Native gold* A
*Muinerals newly discribed in this study
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Note : ©, abundant; O, common; A, rare

BRI

REVARFEAETRT ARG E LCELL, BN
ROLEBTLMTH L (Fig.d)., KAFHZEIFHEARH Y E
FDFFAE L2\, BB B0 | & [EAR ISy ~ 5 i b
A (WoxeEnmoFsiza) Tdh 5 (Fig.da, ¢). B IHIEER 12
HAM I AEH I % % &, REHEW DL 13T
5 UL THLHH (Fig.4b), FIUCHGAMAES 5. AIE
EEMIR, SHIRFE & LTET 2 b4 < (Fig.4b), #
HIZE By BOREEERICE V@AESI N Cuz &0 a KM%
PES . EREREAER L7z Ti 8 GRS ((Fe* 1sFe* g Tioss
AlgoMNn™503)55000s) SIEER S N7z, 7 v FHEIRAIERE 11 0
RIZHEL, ZOLLBREI [ EIAET S (Fig.db). HuRS
NAEOBIE~FBEE (100-300um) 2L, RIS &
LCHEZ K A7z (Fig.db). /80~ —FHIZRHRARK
BoRBELRBEL, FNF¥ v AxEETSH (Fig.de). &
WAL RE) AR R —fHEIE L T—EIcAb, £
DOABILFR 1 & A IFHEX e —F L2, A —il
M 2RI L CHES 5.

it = 8 &

1. X&ES2HA

SEAENL N OfLFESHE % Table2 |[Z/R$. — iy 7% 5
&9 44 D Fe/ (Fe+Al) I %%0-0.32 (ca.<6 Fe,0; wt.%) (Deer
etal,2013) THH I LEZEET L L, REH)AHITRA
8.1 wt.% (=0.44 apfu: atoms per formula unit), % & 9 411 T
8.6 Wt.%(=0.46 apfu) O Fe,0; = &te. SEI LB H15 5
N7 RUL, Caves (AlusFe*0a7) 510081200010 (OH), (53E79 1
1), Caugs(Al71Fe*028) 510081200010 (OH) (B EA ) Th b,

MIHET A RE 9 ADREIR AL/ o B4R 5
Prh

Imm

Ap
Ap
100um
Ca

200um

+Fe-rich part
«Al-rich part

30pum

Fig.4. Microphotograph (a), back-scattered electron images (b, c, d),
and Ca- and Fe-concentration maps (c) of sample 1. (a) plagioclase
(PI) crystals wholly altered to prehnite (Prh). Pumpellyite (Pmp)
fills interstices of prehnite replacing plagioclase (crossed nicols).
(b) ilmenite (I1Im) and apatite (Ap) associated with prehnite and
pumpellyite aggregate. (c) Prh as a dominant phase. Titanite (Ttn) and
apatite are formed as accessory phases. (d) occurrence of Al- and Fe-
rich prehnite.
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Table 2 Chemical compositions of prehnite and pumpellyite in samples | and |

Prehnite Pumpellyite
Sample | 1 | 1
Ave. Range Ave. Range Ave. Range Ave. Range
(n =70) (n =72) (n =16) (n=7)
Sio, 4224 41.62-42.54 42.62 41.87-43.76  35.67 35.45-35.890 3555 35.15-36.26
TiO, 0.02 0.00-0.12 0.05 0.00-0.32 0.04 0.00-0.12 0.05 0.00-0.21
Al,04 19.12 18.32-19.42 20.49 17.70-24.02  20.08 19.66-20.60  17.84 16.31-19.22
Cr,05* 0.01 0.00-0.06 0.01 0.00-0.10 0.01 0.00-0.06 0.02 0.00-0.07
Fe,03* 6.80 6.08-8.14 519 0.13-8.61 13.29 11.29-14.08 16.16 14.15-18.19
MnO* 0.03  0.00-0.09 0.03  0.00-0.10 0.09 0.01-0.16 0.05 0.02-0.10
MgO 0.01 0.00-0.24 0.01 0.00-0.24 1.20 1.13-1.27 151 1.38-1.84
NiO 0.01 0.00-0.07 0.01 0.00-0.10 0.01 0.00-0.03 0.01 0.00-0.05
CaO 2550 24.88-26.05 26.04 25.13-26.74 2222 22.03-22.44 2214 21.81-22.42
SrO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
BaO 0.03 0.00-0.14 0.03 0.00-0.13 0.03 0.00-0.15 0.03 0.00-0.08
Na,O 0.04 0.01-0.09 0.03  0.00-0.06 0.03 0.00-0.05 0.02 0.00-0.04
K0 0.01 0.00-0.04 0.01 0.00-0.10 0.01 0.00-0.02 0.03 0.00-0.15
P,0s 0.01 0.00-0.04 0.01  0.00-0.05 0.01 0.00-0.03 0.01 0.00-0.06
Cl 0.01 0.00-0.02 0.00 0.00-0.04 0.00 0.00-0.01 0.01 0.00-0.03
F 0.02  0.00-0.12 0.13  0.00-0.62 0.02 0.00-0.08 0.03 0.00-0.14
Total 93.87 94.67 92.70 93.46
XCations =7 XCations = 32
Si 3.04 2.99-3.07 3.02 2.98-3.08 12.00 11.94-12.05 1199 11.95-12.02
Ti 0.00 0.00-0.01 0.00 0.00-0.02 0.01 0.00-0.03 0.01 0.00-0.05
Al 1.62 1.55-1.64 171 1.50-1.98 7.96 7.79-8.20 7.09 6.57-7.58
Cr 0.00 0.00 0.00 0.00-0.01 0.00 0.00-0.02 0.00 0.00-0.02
Fe®" 0.37 0.33-0.44 0.28 0.01-0.46 3.36 3.03-3.55 4.10 3.56-4.68
Mn®* 0.00 0.00-0.01 0.00 0.00-0.01 0.02 0.00-0.05 0.01 0.01-0.03
Mg 0.00 0.00-0.03 0.00 0.00-0.02 0.60 0.57-0.64 0.76 0.70-0.91
Ni 0.00 0.00 0.00 0.01-0.01 0.00 0.0-0.01 0.00 0.00-0.01
Ca 1.96 1.91-2.00 1.98 1.94-2.02 8.01 7.95-8.06 8.00 7.95-8.05
Sr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ba 0.00 0.00 0.00 0.00 0.00 0.00-0.02 0.00 0.00-0.01
Na 0.01 0.00-0.01 0.00 0.00-0.01 0.02 0.00-0.03 0.01 0.00-0.03
K 0.00 0.00 0.00 0.00-0.01 0.00 0.00-0.01 0.01 0.00-0.05
p>* 0.00 0.00 0.00 0.00 0.00 0.00-0.01 0.00 0.00-0.02
Total 7.00 7.00 32.00 32.00
Estimated Fe®* and Fe** of prehnite and pumpellyite based on charge balance calculation
Fe?* 0.06 0.00-0.12 0.04 0.00-0.15 1.32 1.20-1.45 1.18 1.02-1.28
Fe®" 0.31 0.19-0.43 0.24  0.00-0.46 2.04 1.71-2.29 2.92 2.46-3.42

*Total Cr as Cr,03, Fe as Fe,03 and Mn as MnO.
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Fig.5. Al-Fe variation of prehnite.
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FERE SEACENHICET S0 (K89 A IFig.2ad), #
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ZNTNOFER AL OB EII S22 L7z, 3E I
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Thh (Fig.3b), SiALEINHIC R HET L. Zhb
EBUROEER TSV, v R) =1, K&, @ba
DONEICHBIFIZE L TV 5. ZOZERTINS ORI
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W2 (Fig.4a). #UE N OALF5HT T, FHEAIIE (RS
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Akasaka et al.,, 2003). 7275 L, FEROWAE D 2508 4 TOH
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X @A LGz 8 wi b, F 72 Kano et al. (1986)
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