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TH % 167179 F - SR 100 & 12 0
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PATE R R 2 EFHREREBEFY A e S RAR  BEET 0 - 2o REa
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IR Z PP [ a raFle s R+ BACBLBE R P E Y 8- Hdp o HE Y 21 &R
1 Hb & #w 7 (pyrthotite, Fe;Sg) » 1 1% 5 &-487 (goethite, a-FeOOH) - %+
T2 P nEdEe K Kb A BRI 4 (pyrite, FeS,) 7 % RS
R EH e AR T HA Y R SR BAHER R s ke 20
BT R EEF b A 0 B R FIEG HE A R A Gt FR DR S
G ALK R EBETERE S o P d TS S B T
AR A LR IO OB T LR o '/ﬁff’ﬁismﬂ-\’@a.iﬁ«?%'gzi "
R @A R e AR PRI BRESERTR LT RTA/RRY
FLRREY - R ANV BRBRIART FLMARTEELL DERTR > 5
BTG P LR bt o Ot R R R AR S R RS
WEEBHET Rk > LPd R S o T B LR
BFA®RLAY -

FABESD . 2 28 KARTE BT 4FH  T8H  £48H TRTHR-
EEREEHAE

I

A=

B Bt gos LE B DIk - 2B & R A S B 38 A T PR AY & i
HRETHER > PRSI - 3RS HEE 2 BT o oL LR 8L L LR B I 2 L
mH LR - BIEE s SR AT - BEE R A PR o I AR
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HYE AR E S e SR B E YRS AT diak - B EE - RE -~ T
aNEENE MR ER billa s SABERR a2 EETEE
o A AR R R R A T AR B = PR BB S AAPE - KBS KR s (]
Fik 0 1986) o HNiE s E A ATE NS E M ( metamorphic facies ) » HiE B2 57 {#H 47
bR HE A TR B B R A A R R AL AR EE o DL R LR E S R
EHBERN - 48O BEASEREEYEHEZHEE - B TR EME ) 2
#ilE (Ernst, 1983) AR & A T ZEIEEEE - THeE ~ e - HE - K/
SRR T > WREEEY) 2 BE A HRE > BAGERR DR A R
(A20) K& 7y HEEA » 140" 413 E 7 (anchizone ) ;BT B H T (epizone ) |
ZHE (Bﬁiégﬁ,ﬁii; 70 1995 B AL 5 1996 ; Kisch, 1990 : Tsao et al., 1992)
TEEEEY » R EEY T IRCEERY) ) R s (pyrite, FeS,) o HESE#AR
( BB 8% pyrrhotite Fe;Sy) » BENFAE » AABR T INEVK & S FTIE BT I
ARSI NEESD » EARMENEEEE ST ERS VMR - LEE R -
BE A P E R R A RA S (BUEE 1971 MEHEBLEEGZ > 1974 5
=R 0 1979 EILSFEBFEL - 1997 0 Eak&yE A > 2000 ; BRIZFE A > 2004 ;
Chen and Tsai, 1978 ; Tan et al., 1986) > ML EEWIKEN AR » $tHEIMEDN
E% %%ﬁ&.éﬁ/ﬁﬁﬂlﬂqi T/ B o SR A R [ & I B s
HHER - FHE L AECAREERUEEET MM REREE SN "%
S5 4% (isograd) ; (Carpenter, 1974 ; Rochette, 1987 ) > f&ARK5[FEEH - 58 HEA -
Al EE RS B B R S N N AHIRY) - R 5 BRI P A
PLAELH Rs BAE &I B E S T IR AT
HEE R R B R 2 — - R EREY A R 2 s
MWE B NAREREEA JT A DR ~ @A o ARSFEE Z — 8 Al 0% fh 42
( magnetic hysteresis loop ) ~ [E1& 8 E ( Curie temperature ) » i #H L X-CEEH 2
EYEE > BEAZEEHEAR E > S P I IIlRRYEE A & A s i R
(Horng and Roberts, 2006 ) - {[HFFEAVE @ MR EEE kg B - 2
TP i A L7 88 R i B Y R L g R 5% P S MR R ) - % oa g 2 WAL R ) Hh
A B VR S AR - 15 B R E R A Y W AN 58 - B TR R
EE%‘ZEPEUTQM&@?%@E’: o JLAM - AT TR E MR Z g o &P EATH
A&E T ERIT B E (R AN 2GR —2 (E—) - M5 2 WEEEE

E
YTEVERE 1 0.38+0.01>/\20>0.22+0.01 ; JREBEXE 1 /\20<0.22+0.01
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BHATZORENT > EAER—FEHR EANENGLEAMAZEE &
HEERESES ZMIRAFERER - RS 7 E NERAFRTEEEK
TR 2R EEE A EAYAA - AR EZ AL RAVEE & Elm — 278
b E AR (IR )  (EHa Al MRy 2t - B EE
o R R i BRRS AT > WRE LR SR S L L R B o SR LR < S
¥t -

] Ew A
O 2#we
| EEELYIET

Bl- 2% B (TP2208) 202+ TH2LTHR LY TRFTIEIRTH
o Rt Rz (MEL2IRFT1995; & 47 5 1996) b FRE A 47
2 g gk (T20-1~T20-17) ¥ > % 14~ 16~ 17 BLE B3 TG Bt 467 0 R 5
I mEM RS o B MF 4k e gk 2. (Horng and Roberts, 2006 ) ©

MEBERKRE

HERILEABRNEE EZR - RIREBENEE S - e ~ TIRER
BEE TR - IR ARIBT ST B S R - e PR R K R i 2 R
ZPERS T ~ Mt PR -2 e - A LU ~ e 22 mfoi T 2 R e DA
Hrith 2 &R %R (&% 0 1986) « H i BT g B i SEREHYEREE e o7 Il L 7t
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—E R R () - SRBILE ARG E SRS H a4 &
J » PEA @ 2 A8 W4 o AR N ( A20=0.222) HERFIIES B i 888 75 ( 0.38>
N20>0.22) (BREEE T 508 - 1995) - BRPIN g 2 S E LI H EEAHE R
i o A RE B R R o DR L M BROH R T RE M IR AR o BRAEE (AR LU E BB
FoZ > WA NS EELEEN (BREE 5~25 AREEN ) - BERERLR
7 38 (EEREEL (B ) -

W= AR (T T S RS TR R A A BRRYY
BLTRTF (METL S 2475 1995) & f 28 A 452 8 (T7-1~T7-38)
P B 2520 BB AR ot T Mg N

Bt 3% 75 0%

RWFE 2 J77E B R A O Z B E A R R RV R 2 B A - B E
M AR B &R - o] DUEDRI Y RE M R ) 2 A5 i - G ARG o 4 Y R
FIREERE Y 0 (R T EI 23080 ) o & RIRET Hh 4% 2 8 28 R IR B =R A hd )
% (vibrating sample magnetometer ) > 5B A1£4Y 300~800 Z7¢ » & KK
B 0.5 Tesla - R4 RALE B » %5 2B MERLVERY fSURF - A2
DL AR AR - Hrb SR S T P R - B X-LUEET
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R E - SR EREREOLR - FIRRIE s (M h0A s 88Ut
il > energy dispersive spectrometry ) HE{TEIZL BN 34T © BEAD > BEIAITEIR R
T4 {H ( saturation of isothermal remanent magnetization, SIRM ) 7ZRJILUHIE » PAfE
tLEc R [FE B E S THMEEY 2 &8 - HITASRERVIEICRNG 2 Anz
TLJTRGNGREEE o ) A AT 2O R DA — SR Y EURWES (RS2 S 1 Tesla) » (i
e ok 2 B BB AT B RIWAAE - NI S a1 0 8 B AR A R WA 355 R R 1R S B AL
B BIREMEREHE - —Ris > AR ER ZAMERBRERS - [
R & ZHEVEEY RS -

BESEEZHMEBNHE

B = a-c BILARARM SRl R B RN FRBRSEZE
MEER - Ry JTEEERL > TR Rt A g 2 B IS FORNE = d-f - fHE = a A AT -
FREHLE R - WEE ~ KL ~ 52088 DL g s 2 (R B E SR A
HHE G R EARE o JRHVE FEIOWLS Z g ey ([ = a fafih Z IR{E) > B
AR Z WAL B RS LB - BESRFARIR - T E FEINE S R E R (B = a
falh 2 B EH) > A ZHAL R IR F G0 - 0 0L 22 5 1 T 2 R IR B 1

( paramagnetism ) - {151 AV E - AR IERVYE - & M IS 8 & R B
WAL ENERE - KBGZ YA SRR - PRt D@ - 52 -
FHUEEAE 300~800 Z 5 AR o S A BIHE R -

MHEH > B = b B E R Z WS > Al R R [F] B RE T i S8
B AR (Bt BRER RN — 595N - B Z B BRIt
I > — BHESEEINREE (>0.2 Tesla) - Hbi (b EEFIEAA FIEN - &
WSS R ITAIN K EE R - BEANICRA N (B = b el 2 &E) - ARES
AHTERRY) - 5 R IR (L6 HREUE SR @Ry - R b EE
m s TR D BT o WoREEFIEALIRES o 8 2AML5 B A6 85 M [ 2 20T -
BEATRORA L - (B E MG R - R EZRWREET > R4
g2 K/ (B = b fafih 2 &R ) RBR T HAIEDIIN I 5R5S - 18 2 Rebid i
WP J (coercivity foree ) o i [t w1 » 55 iy h &% 2 R (L9 2R
— M AR BURHBIMRY S R s - B8 S p s R dh 4 2 SNEL R R
B M- R 2R AERA - 7 FIREA SRRV AR 0 B
FHAN R Z BEPEBRPI AT S A - ORI NP BRsg 2
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B = c JREUREUE #R5EJE ~ RIKRJE ~ KIFLLE ~ 8278 DL IR & 2 50
feA > HE (7 B B A FOR RN E S MEE BUR S o g 5% P R Y
m—EEATINE - BEARYHERN B I > SOt MR Y 2 7 1E © 4%
K E = a-c BARFREANERE = d-f MERE: > AR E 2 S e R
[E] o BB A Bk LB N R B A = EERAEEL (E— K@ = o) HuHh
SN EAERA > Mz Bt e BB ERMY (B= d) B EEHNERE
HAETRZ =B AFHESE (B = ) - &Ht “Hma a2z 2SR -
B 5 FUHE AR M (R HY B s th 28 P S RA R IR YY) o iR SR D - B
BRI & B sR A AK -

BESESNEMEREY

FEIR I U T RER R B S T AR AR AR RS E St K
g » HiEaH N EHEY) 2 BEHRE S (framboidal aggregates ) » {B4CAE R AL
AR TR 1% - SR RN B S (B a); Mz fERklfE
NEAZEEIIRRTh4 2 E5 8 - 8 H XL 2 o i 2 58 8 H Ry i S
([& M b ; Horng and Roberts, 2006 ) « [EEEHY » 1 IR BE P & A 3% 72 FE U R
AR 2 B IR X B R RS H i s (DU o) o BRAh - FEHIREE
NE TS BT ISR EARZ =8 2 E ik (B d) &
AR E R AR R - BN EATEANOR G 2 EEE 0 &l XOLEERE
7 8 T S0 L Y B R S~ B 0 55 2 #1 88BR ( goethite, o-FeOOH;
PO e) o FIA ST 8800 o S /1 2 %) (Peter and Dekkers, 2003 ) » 22 iE Yl 2
TR WG R 4R o

RY A

MRIE AT Z B9 WAL s W) & W =2 58 8 R Y g ol 2 A= AE Y o5 - B
B IR S il e #8588 ( Toulmin and Barton, 1964 ; Carpenter, 1974 ; Rochette,
1987) - giER (Yui, 2001) &8 EE 5 thA YIS [E{ir 22 2 73 A LS LB 5
AfEREL R ZSBERN - i TEREAR 2O — - B2 BEREYR
318°C - #fiR[E— - LA E N RIERF A RN R ENE - SERE
(1979) WHZEH AR LI LR < BB EH - SRR ak e & A W s iR
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AT bk @ ok sk 2 3 K g

2 WS LR R By 310°C BB ~ FE7BE By 5200 A SR ~ B Sy BE 1077 & 1077
FRALSEEME 0.4120.02 - (HILE > - SE S T ke SR Y A BOR T T RE LT Ty
320°C - H#RWYE > —08Y) > B 5 S B 310~325°C ( Dekkers, 1989 ; Horng and
Roberts, 2006 ) » B4 5O 75 & 4 Ef ©

01 [5] i A N B o g T o SR Y U B B P A m &S T 2 7 5 (A\26=0.22)
HAEE — BRI G » SR AL A PR PR B Y S B > eSS 7 H
FIRAPERAGEREERE T EE RSB E A RME L 2&ER - e
AR REEE S P E RN ERE —F8ER > ML —4RETE
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fgsi B kg - T AEAWERN AT I T =EE OEEHAE
RER  H2FERRHZCE  #HgleFE A > 2011) > B T RIS LAk 2
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TFEFF 5N > RHEFR T EZ2EFANSEERE A EEN - DlEfEs
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TE R o S DA B 88 0 Y HH B B P 0 485 o JE A 5 W 3t g 7 SR 4828 -
I L1 i 2 sk L ) SR i A A 3 U B 2T > A0 e DA BB G B oy @ iV k8
BV Ry G ERELIE A o EINETE HA MG I T g 2 R SR TR R K L AR
RATNDAEE » R RSB E S g 2 7 g S @R g — -

B 7 md e S8 > AT IR AR P AN T R R T SRR - HE— WM TRYI N B A
ABRE » B p e SO0 L1 B A [5] — a5 v R BT A =ik (@Y e ) - i H AT 2 #E8r -
T A RE B i s SR E L 2k - CEE N e R N R AL - 2 B9 S E
JITE A 82 025 » BEE Gy AR o S8R0 PR T B B AL - Beet sk e
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Rock magnetism of low-grade metamorphic strata
along the Northern Cross-Island Highway with
reference to stratigraphic correlation between the
Hsuehshan and the Central Ranges in Taiwan

Chorng-Shern Horng', Kuo-Hang Chen' and Chun-Hung Lin'

ABSTRACT

In order to understand magnetic characteristics of low-grade metamorphic rocks
in the Hsuehshan Range of Taiwan, rock magnetic measurements of the hysteresis
loop and saturation of isothermal remanent magnetization (SIRM) were carried out on
samples collected from the Eocene to Miocene strata along the Northern Cross-Island
Highway. The results revealed that magnetic minerals obviously present in the Hsitsun
Formation, the oldest stratum of the section along the highway, but are nearly absent
in the younger strata. X-ray diffraction analyses on magnetic extracts and scanning
electron microscopic observations on thin sections from the Hsitsun Formation further
indicated that pyrrhotite (Fe;Sg) is the dominant magnetic mineral of the rocks, with
occasional occurrence of goethite (0-FeOOH). Since non-magnetic pyrite (FeS,) is the
most common iron sulfide in the younger strata and metamorphism increases toward
the older formations, we interpret that pyrrhotite in the Hsitsun Formation was
transformed from pyrite during regional metamorphism. As for the genesis of goethite,
we propose that it is a weathering product of pyrrhotite because the Hsitsun Formation
is situated on the axis of an anticline subjecting to higher stress and has more cracks
for pyrrhotite oxidation. The transformation of pyrite to pyrrhotite can also be
observed in the low-grade metamorphic strata along the Southern Cross-Island
Highway of the Central Range. It is worthwhile noting that the stratigraphic position
of the first appearance of pyrrhotite in both the Northern and Southern Cross-Island
Highways is very consistent with the anchizone/epizone boundary defined by illite
crystallinity. Therefore, the first occurrence of pyrrhotite can be taken as an important

isograd in low-grade metamorphic rocks, which is helpful for stratigraphic correlation

' Institute of Earth Sciences, Academia Sinica
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between the formations in the Hsueshan and the Central Ranges. Compared with the
use of illite crystallinity as an index of the degree of regional metamorphism, the
identification of pyrrhotite by the rock magnetic method is rapid and nondestructive
and requires only a small amount of sample. Thus, its application to all metamorphic

terrains in Taiwan is recommended.

Key words: rock magnetism, low-grade metamorphism, pyrrhotite, pyrite, goethite,
isograd, illite crystallinity



