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Abstract: In the amphibolites of the Hwanggangri area, three metamorphic zones are established like
hornblende-actinolite zone (H-AZ), hornblende zone (HZ) and diopside zone (DZ) by the main mineral
assemblages. Homblende zone and hornblende-actinolite zone develope away from the diopside zone that
experienced the highest thermal effect. Thus, this pattern identifies the decreasing metamorphic grade of
the contact metamorphism with increasing distance from the granitic pluton. The mineral assemblages of
this rock are classified into six representative groups such as O actinolite+plagioclase+chlorite, @ actinolite
+hornblende+plagioclase+chlorite £ epidote £ biotite, (3 actinolite+homblende+plagioclase * biotite  epidote,
@ homblende+plagioclase T biotite £ chlorite, 3 homblende+plagioclase+diopside+actinolite + epidote +
chlorite, ® hornblende+plagioclase+diopside & biotite - epidote. Two metamorphic events are recognized in
the amphibolites of the study area that the first metamorphism is the regional metamorphism dominantly
occurred in the whole Ogcheon metamorphic belt, and it gave rise to the growth of actinolite at the core
or center of the amphibole grains of coarse and medium size. Its metamorphic grade ranges from the
greenschist facies to epidote-amphibolite facies. The second metamorphism overlapped is the contact
metamorphism caused by the adjacent granitic pluton, and its metamorphic grade is thought to reach to
the low pressure part of upper amphibolite facies. According to the calculation by TWEEQU
thermobarometry and amphibole-plagioclase thermometry, the metamorphic temperature of initial regional
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metamorphism is 439-537°C under pressure of 4.6-7.3kb and its peak temperature and pressure are
considered to reach to the range of 492-537 and 5.2-7.3kb. And the temperature range of contact
metamorphism occurred by intrusion of cretaceous granitic body, is 588-739°C under pressure of 2.6-5.2 kb
and its peak temperature and pressure are estimated as having the range of 697-739°C and 3.8-5.2 kb that
this amphibolites are estimated to pass through the metamorphic evolution of both the rise of temperature

and the drop of pressure.

Key words: Metamorphic zone, regional metamorphism, contact metamorphism, upper amphibolite facies,

amphibole-plagioclase thermometry

Moo

goye) A\ofe) YvlLelol el ThagAgel 3%
o2 ARHE W WA 4R e AN o
& 2477 A R el e =78 A7)0t
AAY EE e =FME A2 08 FETE]
AEH/E B & JHgolsd e Fo FE
22 Hesd WHRNE Ay B R 44 B
=Y AR skt B AGe] WAL AAslo|
13 goze) Ao Errt @ 4 Aol Fr3jhn
g F Ut

WG gN A 7149 sPERlele] 2
o) ZpdAo] EAlshe AMIE MAl o AHdezr
B 23" ¥l lthHaast River(Cooper & Lovering,
1970); Northern Sierra Nevada(Hietanen, 1974); Scot-
tish Daladian(Graham, 1974); Hokkaido(Grapes, 1975)).
ol d7AEL ol#d o] F W ojite] FEA
o) NG 5o PYEHE AR B FYF
9] YPNAHe T WA 27]e] W HAES
AFEL ANFE ol FHYE olF o E2
WYLEe] Wy gos 4Ae Ao o
) AT BAE 29 GRYRE) AAshs
RAow AN v Uk, Bere) AE AP e
243 B4 Bgeln Fe B A ¥ 444
7o) A7 Aol JlQske Ao BuER
ATHFB = <1, 2000).

LAHAY ] WARE B3 7|EATFES AT
H, Kim(1971y2 S3¥Adge] F9Hgs8o) S48
zo] dojit Zlog By WA= me} A, B, C 5
A AR R et o] F cdldl sigEm AR
o 229 FUT BN MM FA o] FE
e Aol #AHL &S Bk vk §lo] e A
A3} 28 o] XY FolA FAF Y FAwd 8o
Fgo] AAFHI ALE AARBE Tt Oh(1997)= =
AHAY AR AX 73 SAEHA e FHE%
42 FHgoz IR FAY Etolokir)e) M2

#2162 10 Ma)o 2 FEHA ARz
7HA ZeRYHM ARAUE A SFAUE |
At Soreka slem Febr) spteke) FHeM e
AN FFMUE BEst] AUB e M3YFH
AFgo] IAEZ Ytk BT E3 Cho er al.
(1994 ofs) SHBAY FFAFY WS F= v}
Z¥)eKBarrovian)F 9] F-&E-HFH e A= #
AugdaeS usten AW AdF FHFde
TN g EE EEddivt Beste A
o2 e v ok Wr13a995ye AA7EA Ll
SHAAN BFANAEES SHMT, $EHF,
HE¥Ed FHEEY 2 §FE2 F2HoEy WA
Z270] Zpol7t Y FHUAU e A G w2} o]
g WARE THEE ¥l Hp) BE A=
A& vh gtk et SHAALUE @Y HAHE
o oate] FAHE HAUE B A AFEAM ]
FiAA e Aol uet AHETT Hojo & Zloz
Hlrh

2 AedMe &7 AY dESe|EY FEd
N2 WARERE AR B ol gEo /)
ATE EUZ WS golst] £ G714 gl
s WEREe 5AS 7gstaA I =3 W
FAS dotry] Haf ¥ Eeto|Ecl] et tHA
slollMe] 4R PEE v=s TWEEQU A2A5H
o} AN A 2AE Agete] B AE
HEWAARE 29 e F48 wol= dth

HE oox o it o

b XH

SHZF Y] o] Xt ASAZVL AR B
o]

ARz Eehe AFAGAA gRHE BEYA -
Fah, 23, oA, &AL, WAuEe Sl 4 U
A oz WEAYT FHE AFHL ok 2

RgAle} F% FIME HFAFL, ol F2ol
F9 4AFELLEE, 222 A

M=
9 $R4 RN ANFNAYH 4IUF L B

J. Petrol. Soc. Korea



SHRIN HEF e AW duiEelelEe] weRs 59

A=

LEGEND

Cretaceous

Biotite Gr.

-— intrusion —

=—=—1 Buknori Fm..
Pty

t 1 T ]
) L 1T /[T TSl

— Relation Unknown—

- Amphibolites

— lIntrusion —

¥ R W N Y

e

! Suchangri Fm
O] veoen
[|— Relation Unknown—|
; Great Limesione
Serles(0rd.)

- Fault
= = = 1 [nfomred Fauk

Fig. 1. Geologic map of the study area. Modified from Lee and Park (1965) and Ryu (1991).

At slrt olE P ETelESL HAH Ae &
A AT MBRFL BARFA F2eMe B
2|5 ojsle RAGoR B glrke|UAH
HHESE, 1965). uETie| ] A]) & WA A
719 e 12 SUFE AstAF MFaA L A
7= 879 A3AGE ke Basht obF7t
A dA " Aol olzx] 23 dAo|rt

2o A A MFYF] FEdl s HY
3 o BElE A2 EI glow mEgR e} e
oM 71Ee] At EaHAYe %38 5
=% WFe wEde s dAste sk Wevst ¢
A F2AME TR shede] Beg BYst ol
on ButelolMe Guiadel gAYl BakE T
AHFig. 1). & P Eto|EFods Hart & wg
H EHEE glon 7Y e) FEA 0] SR 2
e Yo duEgto|Egt Hu g A RE 28
e AP duEetolErt gt

O Zalo|E0] Lhad

B AToME e AGe] BHT s AR
golEo) Wystel 2H% FRARE 1FOE BR
g 9FE0) iste] )& maA B orlolME
e Qe 47 O3 A T TFOE Ur
= 97t g0l YUY 292 HE FHEE Ay

Vol. 10. No. 2. 2001

EdlolEdty HHIAL olF thA] YRl AV A
SN ARE Holw GHED UUSE FHalL of
g F7H FERECE AR o] x99 7]
e A AR A BFER FAEHY Uk 3
g A9 g Eeto]E] A8 YX& Fig. 2 o ¥
Alglo} glom ol HAE HvlAge 548 =
T RolAe ARt /i Este el 7 EEe A
A ANEY duA AL Fg 33 2t}

=Ed YuiiE2}lo|E(Coarse-grained amphibolite)

Bore] A XYooz mRyga), Mg, R
Y, T4, Adde gy L o= ] g
w3 vk 2HAS 344 7 BA e s G4 E
He faoln ANHEL RAFY Uuh F3AH FE
2e M4, 1A Oge 4R AREe) sl
P78 BEEE U4, Z94, 24, AN, AHY
Tol slorn fRHog Irdor AHE AR
Aol BeRE FHElY EXdth g8 B4 EE
9] 4 Z4d40] 4-11 mmX 14 mme] YEE B
AFL drh oA Al5e] AXe YRl Al
Y71 FYF SN FEA =gl zha
F7F AFET 9lon mEY A y(matrix)dl = 2] )
o] ZHdAMEe] drasla itk o] AR ARl
el 21, AP, 133 TBA AojEa B
A og AW gle-d AslESo] ey 59



60 9% - 434 - A4 - vl

LEGEND

[* ., 1Granite
1 Amphiboites

—— Fault
----- Inferred
fault

Fig. 2. Sample location map of the amphibolites in the study area. (E) indicates the samples for electron microprobe

analysis and (P) indicates the samples for photomicrography.
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Fig. 3. Photomicrographs of the representative rock types of the amphibolites in the Hwanggangri area. All pictures are

et v
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under open nicols. (A) coarse grained amphibolite, (B) medium grained amphibolite, (C) fine grained amphibolite, (D)
hornblende schist, (E) hornblende actinolite schist, (F) diopside hornblende schist. Magnification is 10X4. See text for
the details. Cpx=clinopyroxene, Hbl=hornblende, Act=actinolite, Pi=plagioclase, Chi=chlorite, Epi=epidote.
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Fig. 4. Frequency of rock types of amphibolites in the
Hwanggangri area. This diagram shows that the major-
ity of amphibolites (81%) is included in the non-foliated
rocks, whereas the minority (19%) is contained in the
foliated rocks.
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Table 1. Mineral paragenesis of the amphibolites in the
study area.
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*H-AZ: homblende-actinolite zone, HZ: hornblende zone, DZ:
diopside zone
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Fig. 6. Photomicrographs of the mineral assemblages for hornblende-producing reactions and cpx-in reaction (10X4).
(A) reaction (1), (B) reaction (2), (C) reaction (3), (D) reaction (4). act; actinolite, hbl; hornblende, pl; plagioclase, epi;
epidote, chl; chlorite, cpx; clinopyroxene (diopside). In these reactions, albite, tremolite-actinolite, quartz, chlorite and
epidote acted as reactants and edenite, tschermakite, anorthite and diopside are products as viewed. It is reasonable to
think that all reactions occur together to form natural hornblende of various compositions under the given metamor-
phic grade. Abbreviations are the same as in Fig. 3.
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Fig. 7. ACF phase diagrams showing the transition from
greenschist facies (A) to epidote-amphibolite facies (B) of
the regional metamorphism as well as showing the low
pressure part of amphibolite facies (C) and upper
amphibolite facies (D) of the contact metamorphism. (C)
shows the disappearance of chlorite and (D) indicates
the first occurrence of cpx. Amphibole and chlorite are
shown to be produced by the continuous reactions.
Abbreviations are the same as in Fig, 3.
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Table 4. Mineral assemblages of the selected samples for the electron microprobe analysis.

Sample NO. Mineral assemblage Grain size Zoning Texture
M29-2 Hbl+act+pl+bt+apa+sph+oxide C (0] R
M76-2 Hbl+diop+act+pl+apatoxide C (6] R
M78 Hbl+diop+act+pl+apa+oxide C O R
Mi121-1 Hbl+act+pl+epi+bt+sph+chl+apa+oxide C (¢} R
MI123-2 Hbl+act+pl+epi+bt+chl+apa+sph+zir+oxide M (o] R
M124-2 Hbl+act+pl+chl+cal+epi+sph+oxide M (0] R
M128 Hbl+act+pl+chl+oxide M (@] R
M130 Hbl+act+pl+bt+apa+epi+chl+sph+oxide C O R
R102-1 Hbl+act+pl+epi+bt+chl+apa+sph+oxide C 0 R
R103-1 Hbl+pl+chl+oxide F none R
R210-9 Hbl+diop-+act+pl+epi+chl+bt+apa+sph+oxide C 0} R

C: coarse grained, M: medium grained, F: fine grained, O: presence of zoning, R: relic igneous texture, Hbl: hornblende, act: actino-
tite, pl: plagioclase, diop: diopside, epi: epidote, chl: chlorite, apa: apatite, sph: sphene, zir: zircon

The samples R102-1, R103-1, R210-9 are from Ryu (1991).

Table 5. Estimates of temperature and pressure by TWEEQU for the amphibolites of the study area.

Sample NO. R102-1 R210-9 Mi2l-1 M123-2 MI128 M29-2 M78 M76-2
T°C(C) 487 499 537 523 528

T°C(R) 685 588 709 659

T°C(RCpx) 697 739
Pkb(C) 7.1 49 52 7.3 7.0

Pkb(R) 2.6 49 4.0 52

Pkb(RCpx) 38 5.2

TWEEQU thermobarometry for the equilibrium T and P is from Berman (1991).

C: core (actinolitic), R: rim (hornblende), RCpx: rim with cpx
Uncertainties are +50°C, £1.0 kb (St. Onge and Lucas, 1995).
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Fig. 8. Phase diagrams in the simplified chemical system
NCFMASH for the amphibolites of the Hwanggangri
area. Temperature and pressure results were calculated
by TWEEQU (Berman, 1991). Compositions of amphib-
ole used are actinolitic in the core of the zoned amphib-
oles and thus mean the P-T conditions of initial regional
metamorphism. Reaction curves make the each invariant
point that mean the possible equilibrium of all phases in
each sample. (A) represents the triangle domain of the
equilibrium P-T limit for three samples R102-1, M121-1
and M29-1, closely located each other in the field. (B)
also shows the triangle domain of the equilibrium P-T
limit for three samples M123-2, M128 and R210-9. Cap-
italized numbers demarcate the reaction curves for each
sample (A for R102-1, B for M121-1, C for M29-2, D for
M123-2, E for R210-9 and F for M128).
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Fig. 9. Phase diagrams in the simplified chemical system
NCFMASH are calculated by TWEEQU (Berman, 1991)
for the amphibolites of the Hwanggangri area. Composi-
tions of amphibole used are rim hornblende in the zoned
amphiboles and thus mean the P-T conditions of contact
metamorphism. Reaction curves make the invariant
point that mean the possible equilibrium of all phases in
each sample as in Fig. 6. (A) represents the assumed
rectangular domain of the equilibrium P-T limit for the
samples M121-1 and M29-1, and (B) also shows the tri-
angle domain of the equilibrium P-T limit for the sam-
ples M123-2, M128 and R210-9. (C) represents the
domain of the equilibrium P-T limit for the cpx-in sam-
ples M78 and M76-2, and it is considered to indicate
area of the peak metamorphic condition. Capitalized
numbers demarcate the reaction curves for each sample
(G for M121-1, H for M29-2, 1 for M123-2, J for M128,
K for R210-9, L. for M78 and M for M76-2).
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W] By Aoz Y S sy
Zordol dgHe Ae® 439 F AUtk

7oA Ko R348 Filehe AN LE A
AHE HEWAARARASY Y LEEEE By v
ZTHTable 7). oNEUte| E-FZHAN 2j2A oM A8
M76-27F 740-754°C8] 25 HHAE Bolal A& MT8
2 7t We 637-699°CY 2= HAE Eo[HA AR
M76-28] 2259l A8 M784 HIZLE7} 55°CY
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Table 6. Temperature estimates of the regional metamorphism in the amphibolites.

Sample Mi21-1 Mi21-1 M123-2 M130 M29-2
Amph. NO. 34 35 9 21 47
PL. NO. 37 37 4 18 48
XabP1 0.781 0.781 0.963 0.972 0.993
P(kb) 5.2 52 46 5.6 7.0
(1) Edenite-tremolite thermometer (Holland & Blundy, 1994)
InK 2.779 2.855 3.709 2.945 3.588
T(C) 483 473 439 495 442
(2) Edenite-richterite thermometer (Holland & Blundy, 1994)
InK -2.397 -2.555 4716 -5.036 -6.363
T(C) 607 591 466 480 395
(3) Amphibole-Plagioclase Thermometer (Blundy & Hotlland, 1990)
Si Total 7.761 7.703 7642 7.621 7.696
InK 2.509 2.276 2282 2229 2.491
TC) 460 474 479 492 466
Amphiboles are recalculated by Holland and Biundy (1994)
Table 7. Temperature estimates of the contact metamorphism in the amphibolites.
Sample M76-2 M76-2 M78 M78
Amph. NO. 50 52 38 41
PL. NO. 53 55 39 39
Location 1P OP matrix rim
XabPl 0.571 0.533 0.742 0.742
P(kb) 38 38 52 52
Edenite-tremolite thermometer (Holland & Blundy, 1994)
InK -2.142 -2.016 -1.501 -0.909
T(C) 740 754 637 699
Edenite-richterite thermometer (Holland & Blundy, 1994)
InK -2.979 -3.136 -3.752 -3.093
T(C) 764 754 658 739

IP=inner part, OP=outer part
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Fig. 10. P-T diagram summarizing the results of this
study on the P-T evolution of the amphibolites with the
geochronologic constraints suggested by Oh ef al. (1995).
Two metamorphic events and their P-T ranges are rec-
ognized in the diagram. Assumed depressional cooling
regime is thought to occur by tectonic thining (uplift and
erosion) before the intrusion of cretaceous granitic body.
P-T relationship of both the regional and contact meta-
morphism indicates the clockwise path. A (cpx-in) curve
is at HM buffer from Spear (1981). B (chlorite-out)
curve is at QFM buffer from Liou et al. (1974). An;
andalusite, Ky; kyanite, Sil; sillimanite.
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Appendix

Supposed reactions achieving the invariant point
calculated by TWEEQU(Fig. 8 and Fig. 9), are
listed as belows. Actinolitic compositions are used
for the regional metamorphism, and hornblende com-
positions are used for the contact metamorphism in
the zoned amphiboles. Phases of the reactions in
each sample are considered to be in equilibrium
state during metamorphism. (Abbreviation of end-
Ab=albite, An=anorthite, Atg=antigorite,
Prh=prehnite, Tr=tremolite, FeTr=
ferrotremolite, Tsc=tschermakite, FeTs=ferrotschermak-

members:
Chl=clinochlore,

ite, Parg=pargasite, FePa= ferropargasite, cZo=clinozo-
isite, Zo=zoisite)
(DAl possible reactions for the selected end-mem-
ber component during regional metamorphism
[R102-1}
Al: 14Prh+5FeTs=16cZo+3FeTr+8H,0O
A2: 688cZ0+231FeTr+272Chl+52Ab=24Atg+482Prh+
385FeTs+52Parg
A3: 13Ab+68Chl+149Prh=136cZo+13Parg+6Atg+
154H,0
Ad: 182Ab+952Chl+447FeTr+480cZo=182Parg+
745FeTs+84Atg+964H,0
AS5: 26Ab+136Chl+60Prh+51FeTr=26Parg+85FeTs+
12Atg+172H,0
M121-1]
B1: 126cZo+425FePa+1807aQz+20Atg=425Ab+422 An+
192Chl+340FeTr
B2: 64FeTr+48Chl+32An+80Ab=5Atg+310aQz+
80FePa+21H,0
B3: 480Ab+336Chl+384FeTr+96cZo=480FePa+
1738aQz+35Atg+211H,0
B4: 96¢Z0+122aQz+48Chl=192An+5Atg85H,0
B5: 27aQz+5FePa+6cZo=4FeTr+14An+5Ab+4H,0
[M29-2]
C1: 7Prh+3Chl+12An=5Tsc+8Zo+10H,0
C2: 14Prh+5FeTs=16Zo+3FeTr+8H,0
C3: 42Prh+20Tsc+25FeTs=48Z0+15FeTr+12Chl+48An
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C4: 24 An+6Chi+3FeTr=5FeTs+10Tsc+12H,0
[M123-2]
D1: 56Prh+60FeTs+45Parg=64cZo+45FePa+20Tr+
16 Chl+64An
D2: 32 An+8Chl+4Tr+15FePa=15Parg+20Fe Ts+16H,0
D3: 15FePa+28Prh+12Chl+48 An=20FeTs+15Parg+
32cZo+40H,0
D4: 4An+Chl+7Prh=8¢Zo+Tr+6H,0
D5: 56Prh+20FeTs+15Parg=64cZo+15FePa+12Tr+32H,0
{R210-9]
El: FeTs+FeTr+2Ab=8aQz+2FePa
E2: 96¢cZo+384FeTr+336Chl+480Ab=35Atg+1738aQz+
480FePa+211H,0
E3: 182Ab+1344Chl+667FeTr+384cZo=182FePa+
869FeTs+140Atg+844H,0
E4: 336Chl+182aQz+144FeTr+96cZ0=240Fe Ts+35Atg+
211H,0
ES: 336Chl+1334aQz+288FePa+96cZ0o=384FeTs+35Atg+
288Ab+211H,0
[M128]
F1: 425Ab+422 An+192Chl+340FeTr=126Z0+425FePa+
1807aQz+20Atg
F2: 64FeTr+48Chi+32 An+80Ab=5Atg+310aQz+80FePa+
21H,0
F3: 480Ab+336Chl+384FeTr+96Z0=480F¢Pa+1738aQz+
35Atg+211H,0
F4: 96Z0+122aQz+48Chl=192An+5Atg+85H,0
F5: 27aQz+5FePa+6Zo=4FeTr+14An+5Ab+4H,0

(2)All possible reactions for the selected end-mem-
ber component during contact metamorphism
[M121-1]
Gl1: 425Ab+422 An+192Chl+340FeTr=126cZo+425FePa+
1807bQz+20Atg
G2: 64FeTr+48Chl+32An+80Ab=5A1g+310bQz+
80FePa+21H,0
G3: 480Ab+336Chl+384FeTr+96cZ0=480FePa+
1738bQz+35Atg+211H,0
G4: 96¢Zo+122bQz+48Chl=192An+5Atg+85H,0
G5: 27bQz+5FePa+6cZo=4FeTr+14An+5Ab+4H,0
[M29-1]
H1: 7Prh+20bQz+5FePa=8cZo+4FeTr+5Ab+4H,0
H2: 60Ab+48Chl+12Prh+48Fe Tr=60FePa+2 14bQz+
5Atg+37H,0
H3: 26bQz+96Prh+48Chl=5Atg+96c¢Zo+85H,0
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H4: 52FeTr+869Prh+480Chl+65Ab=50Atg+65FePa+
856cZo+798H,0
HS5: 480Ab+336Chl+384FeTr+96cZ0=480F¢Pa+
1738bQz+35Atg+211H,0
H6: 296c¢Z0+340FeTr+192Chl+425Ab=20Atg+211Prh+
1596bQz+425FePa
[M123-2]
11: 126c¢Z0+340FeTs+20Atg+255Ab=422 An+192Chl+
913bQz+255FePa
12: 32 An+48Chl+202bQz+48FePa=64FeTs+5Atg+48 Ab+
2IH,0
13: 336Chl+1334bQz+288FePa+96c Zo=384FeTs+35Atg+
288Ab+211H,0
14: 96cZo+122bQz+48Chl=192An+5Atg+85H,0
I5: 366Ab+240Chl+488FeTs+1212cZo=366FePa+25Atg+
2668An+913H,0
16: 6cZo+4FeTs+3 Ab=14An+5bQz+3FePa+4H,0
[M128]
J1: 6Ab+3FeTr+8Tsc=6Parg+5FeTs+24bQz
J2: 96Ab+676An+8Atg+93FeTr=180cZo+96Parg+
155FeTs+610bQz
J3: 678 Ab+2440Tsc+335FeTs+2160cZo=678Parg+
201FeTr+96Atg+8112An
J4: 676 An+8Atg+45FeTr=180cZo+75FeTs+128 Tsc+
226bQz
J5: 45Ab+124Tsc+90cZo=45Parg+67bQz+4 Atg+338An
{R210-9]
K1: 3Ab+7Prh+4FeTs=8cZo+3FePa+12bQz+4H,0
K2: 39Ab+288Chl+667Prh+52FeTs=680cZo+39FePa+
30Atg+562H,0
K3: 26bQz+96Prh+48Chl=5Atg+96cZo+85H,0
K4: 48Chi+12Prh+170bQz+36FcPa=48Fe Ts+5Atg+
36Ab+37H,0
K5: 336Chl+1334bQz+288FePa+96cZo=384FeTs+
35Atg+288Ab+211H,0
K6: 296cZo+255FePa+1124bQz+192Chl=255Ab+
20Atg+211Prh+340FeTs
[M78;cpx-in sample]
L1: FeTs+FeTr+2Ab=8bQz+2FePa
L2: 3FePa+Parg+12bQz+4 An=4Ab+4Di+4FeTs
L3: 2Parg+3FeTr+8An=2Ab+8Di+5FcTs
LA: Parg+2FeTr+4An=4Di+4bQz+2FeTsFePa
LS: 4Ab+4An+4FeTr+Parg=5FePa+20bQz+4Di
[M76-2;cpx-in sample]
M1: 4Tsc+4FeTr+8Ab=32bQz+3Parg+5FePa
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M2: An+3 bQz+Parg=Tsc+Di+Ab

M3: 32An+12FeTr+23Parg=15FePa+20Tsc+32Di+8Ab
M4: 5Parg+4FeTr+8 An=8Di+8bQz+4Tsc+5FePa

MS5: 4Ab+4 An+4FeTr+Parg=5FePa+20bQz+4Di

M&6: Tsc+4FeTr+3An+5Ab=3Di+23bQz+5FePa
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