


AE—HPHX R ~RIGA R

WA HREE

k= ABRH Hpkbe %

it JBRE 7= 8 P ER itk R PR ER B PR
E K & M i



Raml. Gk
RERE.  CTHME
HE#it. & #» F A
AWK RAK

AW R
Bk N uKEE §
HRAREREE

HERBBRENR, £17 (AEKILZEH2059)
ook BN B R He BNl B ARy
*

FATE? %1092 1/16 BIK11.5 {HH 16 FH243F
1988 L AP — 1882 B P -IRP e
EF ¥, 1— 1,800
*

ISBN 7—5366—0246—4/P-5
FEB 5 EH168-~334 FM. 4.805C



WE—HPHE, CTREGEES ARNERY, LEERE, HLETI, HUR
BU—ERLIR, £REE—FZN—%, BHRRIOFFFRAE. Z2BAZ9RREF S
FEHERY AR U HBESAT R REERRREZ—, LRAREEHHNEELHRAR
K.

BHTBIRMLEBIIATEALRE- TS EXNARAT Y, TRT1:207F KA K
B, $0MXFRTLS RN, HAETTAENYEHEIE BAARENT R
Tif. H, BY. AKEET. 4497, 47, BT E, ARAKEY S, RLBEF
b, URXBHFE, BREHGT, BHNEBRAREVAAHEN, NALIT L ATHEE
Tk K.

AP RKREFRERATEARENGE, AVRRALRRTAFAT, BARAK
HMELW—BAGENEZAMTAE, RERRARAREE, BRF~HT1980F T
T BE—HP R HEREREAGRAET AREHXRAERAFRAE.

REBFT ERHEFTNIBIET 4, AR THAAXFRENEZARE., HE 25,
TrREXEEGEIRMRABARTTHE, FRETEHALE, Hot, 22 RATTRES
AR, HEVURAANREELEGEL. ANERAEEFRALFTENRMA, My B
NELLMEBIAAERBREGLERATRA., ETFRENRKS, AL5%¥H, £F8R
AL RGN, XELELEARXNEF4"HIHT, ERAZRLEFOBENRETRT
ERAFR HEBXARBREENRTEAHNAR. MARAEAHIABMELHFT A, &
ARFTTHMEFEHEERELSAR. EREHFRUENIBRN DB T EEHHE.

WEHRFTEH. WEREREL, HAFAHERELEH4GT HERE. BEXR
HAGE MAMEEY. BEE. ETHLALRERACERRRERFS LA FRAELE
GWFE FHETEERREY HTABRITLARELE—HEREQGILSNHFIVA).REZ
BHE, BABRTERBBGERELAKRGRES: AEAMXAAHEHAKE, #
GENBRA ELREZAFTEARAAER 2. RRARBENE, 44460 T LA

i



B, FERHS, AEHTHAMERLHANEN 2 F 24, NHRRE EHERRLH
TAE, BAWENEERGBEFEL, N2BEARBRENE, REXTEE—EPHES
ERVERTHERAGX —REWRAAHTIH, PERRBBHHARA, EETHZRER
BRAITHAHTZBURENTE, AT ZEAHNLEHZ MR ELH &,

WEFRFTE: REZERZBERG T, HARBAHEHRA, RETHRL
GHUETHFERS. EAMANES S RENEREGMRER, ARERERL. H
RMERENEATT ~HATERTAERTT2EARBENT®, HTRETRT
FE. ERERAEY, FAEAH-BLERREESRAR, FURIIFHARESHE
MBERMEECH) EHR., ANAZ —REAAAB R, A REERA" QL LR
FEANT—%. BUARRBAFASE LR S REARNAARE, BET 2T A%
A HRS BHEEWRANERZ R ET—P 0,

BEERRETE. ERARAAMRBTRES. BARHRREEFEARER € A
BT BEHERER-EUEREBRLEAEZNBELT LS, RAREFHRRALREY
REHE, BRAFAMETSRNFY. ANELREI B h W, FEREY
REATHRY, RAEARECAREREIZBMERNE A=, EEHERBFETE,
RETUHRASNENFNBEBAXNLTE, WHEARBEKEIATRANAT ¥R,
BHRTHETFEZRFOAANE, BUERARLBHEERERRR LE, EAEK
EFEARERBEBNEY. REAZELRRBRNZ2AMREHRAXR, QTS
ARHERTHBOBRALHLY. ERERBTHEREARUFREY. AP RN
BEHER ARTAREHBENE—BRXREGEAAR. ETRTBERTRENH
£, BRATEEXERBTHXNT =,

TRFRFE. ABEFRAAF, B4R TRRTHE. REANHGHARL, BA
TTARBEFHERTRGSELFEENE NSTLAMNERT ¥, HAKERT .
Y. BET. G87. 247 PARLEETE BANRELITHNT RABEER, A

it



EEATRUTRB—RE—EH. KWERAB—FER. KLHLAR—%4. HE—
BEFTRREER. EFNRATFERRAT SR EDRT RS, Aet, TR G T 4
FEW HRUCERE HTERE, UABANEETERESTARTES. X
BELT RUTWASAXFTRANERTFAFTA BAITERTRABER AT EE R
By G¥mAaR, AENE4TANAERTTHAR, TEXLETFRAERE, WER
BTITRREFRAGHFRE. ARRRLERY, AATHRTAEEGT =, RATREL
BEFARANBEN Y. RTREEXFBHESRINEEGEELT, AEXEH. TRE
RURTHERNGeRREATHR RASTATHRA. RTZREGUEFHER,
TRERHHEEHTTIRAXBHT K,

LRFRAR, 2BRTFHHREAZHE R A ¥ B, T198656H208—6H241
ERFRAFE. FHFRA, FHER. ARV4%, $VER. AREFHEHER,
FRABERE, EHEHR. FVELY, FRARBARRAAERITA, #FAY: &R
—REAFEREHATFHFRRE, RENEE—H PRI RRARLTRANEE, K
RTFRHARAAT: LRFH ARVA. EERETE, AUAFWARMFNRA 4
RUE. BUATFHR, WERXAHHF. &7 HEHFEENSERXMERNE.

FRRRABRARTAZEZRX. RN HN—REE2R7T. RETHAERE. &
REFRRGRGE, REASAMRIFLZRNFHZHINER. R, EREART A,
FARRBANE AXRERPURAG AL BT, £k, ERAIRT & #

LERARRR, AR ERA RS HE WREAZ FEF $&EF &
He, ZRA. AMBARENRALTRELE, 25134000, BRFEE-H FH
BT ~RAL V> EEUR. AHERFLES, wTHAE. 2BRX% TaH4,
ZRH R,

#RF 19864104

iii



i
i

AP AMFTAURECEIAF R TE— AT R R RHERERLA & 547
PUBHER HBREAL —BELENETEARERENE WFTRE.

ARHERANFREIGTREE— PR LA RLE, AR\ WERLRE, BaFa
HHEE, FRNERLY EEXALpS LY, HESHIEH. BE. By
RIREHRHNBERALARLR, AABHTRETERE. AIHUERTE &2,
HATE, A FAMEAF WA RESOFRBEA A%, Bdnts K oE g, 4
FIEREY. Bt BHSLAEARWET. FHRRRLEAE, FETEEE0ES
FHEMNREE. EhEME, HEAWANN, EAFPNRRLLENEEAL, £F
¥ THEABRALERESBGREAE, RHTRNYHEE.

RAFETHLTI8IE10H, MHAAEFH. RER-AHKETE, 19835884
FEmARREARENFRATEGA AL, THE. &KL ARSMAHE A &,
AEBETHGATHT, BFH. KERXE, £—F S-FH5L%, ¥4 &
A, BWEE =%, AL E¥H, EWERnHs, HEH BT hES H
K2, xmu SFThHS, whkE: SEE, H¥U. g EAE BV KE
. o, FHANES. BEE. Mk BHE. AL FARELALSHBRERRR
WIfE, whik. 4T%. HELHAARETASLUHENFLRBEFIE.

EEALEEERB(ZF). ARFTEERTRRFT F R LR, AFRFELH
KRBT RMEFAGELCAFARAETER YA TAS TS, BENL 2R T N,
ERERBA,

% %
19865104

iv



i

Lk
EXHX
BXINE

B - TG R R v vre e corsrrreseescmn et et e e s
g B 78 1 o S TR

B R e,

ST B e et e e

Rt R S VA PO P S PRI

B A G

L T SR

BB EHESEE e

Bt KR

BET MG

BEY T Y-

EA Eﬂﬂ“%éﬂ“&i%ﬁw‘%ﬁﬁﬁ

(1)
(11>

»-(11)

v (13)

-+ (16)
e (17)
e (21)
.-.-..(23)
--.-..(23)
--..(25)
e (26)
..-.(26)
e+ (29)
= (3D
«+(34)

(343

+(56)

(73>

++(82)
e+ (84)
«+(88)



HEX F%¢§§%MMR-

Bt
Ly i}
BEY

b3 s b TR ervenenes
BRI Sy oemeeeeees

AR EEEROWREEHFE ~ooooreoeerees

BT
B
=Y
BtE
B
L ]

FJ{L§§4ﬁﬁ$ﬁ§$4$ﬁ§F ceereennreserroertentes
LA A B L ST B T ST B BT, e o

BAE &g -

B
F: ]
=
G
ERY
BAY
R ]

HARH .
BT oeeenremnseeinenns

Eﬁﬁilﬁfﬁf%ﬂ*4aﬂ][kzaljlt O
BRARASFRAE T v oveerevemmmmmmmmeene e e
-+-(158)
UG 13 D
%ﬁméﬁﬁam&aﬁi&ﬁﬁ FEREHWFTHAPEEEIL oo
z%*%xﬁ e O P PP
BB cooveerennnermnomnmnnses cieees veereann

REARREHRE -
BRERK AR REHN T -

TR a L 1}
P T R LT .(102)

e (104)
. ................................(105)
FAINERERBE B LR FHFER L ERHRMRER e

(100>

(105
ze

e (132)
. .(]50)
e ....(]50)
e es(154)
~(156)
~+(156)
-+(156)
~~(157)

(1585

(162>

«+(165)
<(167)
ceeenn(175)



Contents

Preface
Foreword

Summary............... B T T T G B

Chapter 1 Introduction «eoecessrieniiimiiiiiioniiiiiinincsn s ssensesen(11)
1. The history of studies:sseceeiiirmicminanieniniiaooniiininainenad(11)
2. Geologic setting of the Precambrian gneiss complexes-scesssernsetnenenc(13)
Chapter Il Field relations and megascopic featurest-csecerocreccniciciniiiiennn(16)
1. The Kangding Complex «=«eesetrsrmmresinnimianiciioiiiniceiciiiisnccsnccnnsesena(17)
2. The Penggan Complex - ceeeriorerereriuessoiosssnisrusnsasiosssenssssnssssnesseess(21)
3. The Baoxing CompPlex -+« cecorerrrcmsoisosansomacssstsssiceeinsninisanecnsisassanense(23)

4. The complexes in the southern section of the Kangdian gray
EIIEISSES ++rereerserssrsnssnssonsorsssnsnsanssssssssaronssessssnsnnssansassosensssessnncensersns(23)
Be INLEFIM  SUMMATY ** coeceronssserioestenionestmetneioniseerecsnsicosstissesancicssese:(25)
Chapter 11l Petrography - ecoeeimemiviinrmmiinunninic s e e 00 (26)
f. The regional metamorphic rocks e ertiemiatiiuiiiiriiiii i ceaensen(26)
2. The migmatites - reertseermerntoestmtienrioaiiimietiotitniaiitiierioenenstnssenssaa(29)
3. I;lterim SUITIITIATY evvee ses sasrantaanecesnnoneaereestinnticnssinsninensssesomesonasseessel 31)
Chapter IV Mimeralogy «eeeveeomiosmommmm i e 34)
F I Y s o3 R 7
2e Amphibolerte sovemeimen it e e e e (36
K R O N D
4. Pvmxeﬂe(s‘})

5. Altered minerals cecoersecrerenneieinosioneciisrcenssracions ceisesersuiirerniinecssinneee (84 )

vii



6. The assemblages of accessory minerals and the characteristics of
Mian ACCESSOry MIBErals creesesreeerersersreeenssesansotesisssssessessansracssnsanaees(88)
chapter V The fluid [NCIusions In QUArtZ «eosersseesessissssseesessnssnsscnessnsessenses (100
1. Classification of fluid inclusions and their characteristics in
different kinds Of rOCKS:erecsesssssseesasararsarsssnssssssssassssssasesssesesssessosssss(100)
2. Homogenization temperature measurement sereesocssescccsrcectcesacrsecsncaaes(102)
3. Chemical composition of fluid inclusions esceccesceeccaccnianciiniiincniacaae, (104>
chapter VI Geochemistry of the major kinds of rocks «ececececssnccicionccainnese(105)
1. Petrochemistry of regional metamorphic rocks and the deducing
of their parent rocks(]os)
2. REE geochemistry of amphibolites (including granulites) and its
relation to tHEIr AEES eresesrssreserssscserssssrrnsonssessesssssscsssessesersansasssns(120)
3. Geochemistry of gneiss—-migmatites PN @ 1.7
chapter VII Brief introduction and evaluation of available material of
isotopic geochrommgy............................................................(150)
1. Brief introduction of available material of isotopic geochronology-++«--(150)
2. Applicability and petrogenetic significance of given radioactive _
ISOTOPE MAtErial sesrererersrasranroscersmiensonsissenssisesssanisnesanennnnacancaneaensne(154)
chapter VIII Conclusion YT T T R PR ¥ P I IR TR PYYT IER TR IIPTISYTRIL LI @ K21 D)
1. Rock type U PO PP PP TYS PTTTTR T IT TITTTRTPRTTT TR ITT LTS YRR PPRITRNLY @ 1))
2. ROCk ASSOCIALION serssesessssrasarsessassserssaserssesssssessssnsonssssssassansansaassescee(156)
8. Rock-making process of the Kangdian gray gneissessesssccssssrssscseceeces(157)
4. Regional metamorphism sescessencrscesscsssssenceraracascnnrsnsnnsessessssssrsseseasec(]58)

5. The Origin Of the Kangdian gray gneisses uo-o-lo--Ivot.o‘-ooooc.-o.ccuuou-o--nn(lss)

vii



6. Distribution in space and time of the Kangdian gray gneissesssese-(161)
7. The petrogenetic mode! of the Kangdian gray gneisses and its
significance in the evolution of the earth’s crust during the
Precambrian -esssecsscrecennirereriiinntiiincetteseciieiiissnseccisacicccnnsaciincnes(162)
References cescecsrsssssierinntntiteiisersociiiroietsoccrsinncctnaiotseccnasoncanassscssossesasscsases( 165)
Explanation of plates - resectrsncnnninniiiiimeniiiiiiiiiiiiiaisineniisrsicniisnaiiiaen. (167)

Plates cerereererretsicscnncsccssessannnsriironrsascersosserssscescrssssurscsssnssonnssasacissascnscecens(175)



THE KANGDIAN GRAY GNEISSES

Summary

A number of the Precambrian gneissic graniteid complexes are intermit-
tently located along the western and the northern margins of the Yangzi Block,
viz., T+ K. Huang’s Yangtze Paraplatform (T. K. Huang, 1980) and form a
narrow belt in shape of a sickle, This belt separates the Block from the Qinling
fold system to the north of it and from the Songpan-Garzé fold system to the
west, These complexes are Pre-~Sinian in age, because they are, in many
places, overlain by the Sinian and its covering strata,

Our studies are concentrated on those north-south displayed complexes
along the western margin of the Yangzi Block, i. e., from porth to south,the
Pengguan Complex, the Baoxing Complex, the Kangding Complex, the Muopan-
shan-Miyi Complex,the Tongde Complex,the Datian Complex, and the Yuanmou
Complex. The rocks forming these complexes can lithologically be correlated to
the already established gray gneisses around the globe (for examples, the gray
gneisses in the Goth&b region, west Greenland and tn Saglek area, Labrador,
East Canada). They go through from the western part of Sichuan to the cen-
tral part of Yunnanssothey are named the Kangdian gray gneisses tas a whole)
in this book for the first time,

The conspicuos features of the complexes making up the Kangdian gray
gneisses are a considerable amount of detached pieces of dark granular meta-
morphic rocks in shape of pod,breccia, discontinuous layers, even huge blocks
dispersed in gneissic rocks. As a matter of fact, they are all migmatite com-
plexes,Due to different intensities of migmatization, such dark granular rock
pieces are sometimes crowded together, sometimes thinly scattered,and even nearly

disappearing just like shadows. Then, different kinds of migmatite can be
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observed, such as agmatite,stromatite,streaky migmatite; shadowy migmatite and
then they may gradually transform into homogenous migmatitic gneisses.

The gneissic rocks noted above are predominantly tonalitic and trondhjemi-
tic migmatites,some are granodioritic and granitic migmatite,and a small amount
of them are hornblende plagioclase or two-pyroxene plagioclase gneisses.Among
the rock pieces mentioned above, the great majority are metamorphosed basic
volcanics, The metamorphosed acidic volcanics, however,come second, only afew
belong to the meta—sedimentary rocks, and a few of the larger rock blocks in the
gneissic rocks are regarded as migmatized meta-basic and/or-ultrabasic intrusions.

It seems strange that the outcrops of the complexes forming the kangdian
gray gneisses and the Kangdian gray gneisses themselves are all elongate in a
north-south direction, their foliations and the long axes of the rock pieces in
the gneissic rocks,however,strike in east-west direction and dip steeply or ver-
tically. Consequently,the lithologic characters of these complexes usually ap-
pears monotonous while observed along an east-west road, but very changeable
along a north-south road.Both sides of the Kangdian gray gneisses are bounded
by the north-south fault system. It{ollows thatthe structural line of the Kangdian
gray gneisses is originally of east-western direction, evidently, it is the north
—south fault system that has uplifted the burried Kangdian gray gneisses.
Then, in certain sections,its covers have been eroded away completely, in other
sections, they are still left. This process has led to the strange occurrence of
the Kangdian gray gneisses.It should also be stressed that though the tonalitic
and trondhjemitic migmatites have occupied most of the space within that of
the Kangdian gray gneisses, the dark granular metamorphic rock pieces in
gneissic rocks are distributed so regularly, that some authors have made them as
a stratigraphic sequence named the Kangding Group, including several forma-
tions, In addition, the granular rock pieces are always crowded in the central
part and gradually get less or even vanish towards the margin of each com-
plex. From the general features discribed, these granular rock pieces should un-
doubtedly be the relicts of preexisting metamorphic rocks left by migmatization.

The above findings and the detailed studies of the petrography, mineralogy,
geochemisty, fluid inclusions, etc.,lead us to the conclusion that the Precamb-

rian gray gneisses, at least in the Kangdian area (West Sichuan-Central Yun-

nan), are transformed from metamorphic sequence with the character of green-

stone belt by regional metasomatism, i.e.,granitization, having nothing to do
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with any kind of magmatism and partial melting of preexisting rocks.

Here,some of the results and discussions in this book are chosen as follows,

Rock Association

1. The metabasite-tonalitic migmatite group,This is a set of gneissic mig-
matites of tonalitic, granodioritic and granitic composition containing plenty
of relicts(rock pieces) of exclusive metabasites.As mentioned above, the tonali-
tic migmatites are the great majority.

Metabasite is the general name for the relicts of preexisting granular am-
phibolite and two pyoroxene granulite, as well as hornblende and/or two-pyro-
xene plagioclase gneisses,

It is nessesary to be noticed that in some places within the Kangdian gray
gneisses, the granular amphibolites and two pyroxene granulites are embodied
as inclusions in the host gneisses.Both the granular pieces and the host gneisses
are similar in mineral and chemical composition only differentin texture,struc-
ture and colour because of a different grain size, Therefore, they are usually
mistaken as migmatites, evidently these phenomena should be the fabric record
of two episodes of isochemical metamorphism left in the same kinds of
rocks.

2. The meta-acidites—trondhjemites groups This group of rocks includes
trondhjemitic and granitic migmatite gneisses with a large number of metaacidic
volcanics contained as relicts in different shape in them. The trondhjemitic
migmatites take the first place in quantity in this group. The meta-acidites in-
clude leptites, e. g., biotite —plagioclase~leptites, biotite~two feldspar-leptites,
as well asslightly matamorphosed rhyolites, taking the shapes of bands, pods,and
breccias in the gneissic rocks.

3. The metasedimentary rock-granitic migmatite gneiss group,This group is
characterized by garnet-bearing granitic migmatite gneiss with discontinuous rel-
ict layers of biotite schist and garnet hypersthene granulite and pods of marble.

The first group is widespread all over the area occupied by the Kangdian
gray gneisses as main body; the second ome takes the second place;the third omne
only occurs in the southern section,

In certain sections, different rock groups contact one another in such a way
that different relicts peculiar to each of them appear alternatively, forming a

transitional zone,



Rock-Forming Process

Through detailed petrographic studies it can be seen that the Kangdian
gray gneisses are the products of multiple regional metamorphism and metaso-
matism on the same set of preexisting rocks. According to rock types, characte-
ristics and the regular distribution of the relicts in the gneisses, the Kangdian
gray gneisses are formed through at least three episodes, pre—tectonic regional
thermat metamorphism; syntectonic regional thermaldynamic metamorphism; and
post—tectonic granitization,

1. The pre—-tectonic metamorphism, Its products are the introduced granular
metamorphic rocks. This kind of metamorphism was carried out for 2 long pe-
riod of time under the condition in which the geothermal and static or load pres-
sure are the main factors, The metamorphic reaction had certainly been com-
pleted because of the steep geothermal gradient during the Precambrian, so that
the mineral grains in the rocks are always equant granular, poiygonal with
straight boundaries, Therefore, the triple-point texture is well developed and
very common, Basic igneous rocks had been transformed to the granular amphibo-
lites and /or two-pyroxene—granulites; and acid igneous rocks,the leptites. All
these rocks remained in the gneissic rocks formed after as different sized re-
licts, 1n the form of lenses, or breccias, sometimes as large blocks, Commonly
in the central part of the remaining blocks, blastophitic texture is still pre-
served, but it 1s gradually replaced by a granular texture toward the margin,
and {urther outward to the boundary of the block it becomes gneissosity.

2. The syntectonic metamorphism,After the pre-tectonic metamorphism had
ended, the syntectonic tmetamorphism started along with the east-west folding.
During this episode the north-south compressive stress had taken the place of
static pressure as main factor, at the same time, the granular pre-tectonic me-
tamorphic rocks had recrystallized to gneisses, the rocks produced by this pro-
ces, are hornblende-and/or two pyroxene-plagioclase—gneisses, and quartz—feld-
spar-gneisses, ete, Because the compressive stress and the folding did not last
long enough, the recrystallization in solid state couldn’t be completed entirely,
so that a lot of the granular rock relicts had been left over in different shapes
and sizes, ranging from megascopic to microscopic. All these rocks’ produced
in both episodes are similar in constituents, even in the composition of plagio-
clase and mafic minerals, though quite different in fabric. Therefore, the syne

tectonic metamorphism is also isochemical,
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3. Post-tectonic granitization, After the end of the syntectonic metamor-
phism the hot gaseous—aqueous solution from the deeperpart of the crust and the
upper part of the mantle moved upward along the north-south fault system,
which was active over a long period of time off and on, and reacted upon the
already multiple metamorphosed rocks just mentioned, causing a regional me-
tasomatism and various kinds of migmatites formed.

The study of thin sections indicates that there are two periods of migma-
tization, Si-metasomatism is the earlier one, which made the metamorphic
. rocks, especially the metabasites and biotite plagioclase leptites, transform to
tonalitic and trondhjemitic migmatites; K-metasomatism is the second omne,
which made the tonatitic and trondhjemitic migmatites transform to alkalifeld-
spar granitic migmatite. The latter is rather rare in the Kanfdian gray
gneisses, because the K-metasomatism was not well developed,

Under the microscope, almost all kinds of the most tremendous characteris-
ties of migmatites and metasomatic textures are well developed. The fluid inc-
lusions in the quartz are all of the gas-liquid phase, no melt inclusions have
been found, The homogenization temperature measured from the inclusions is
600-500 C for the tonalitic and trondhjemitic migmatites; 400-300 T for the

granitic migmatites,

The Metamorphic Grade and Zoning

~As repeatedly noticed above, the regional metamorphic rocks, commonly
represented by the relic pieces, are dispersed in the migmatites, The relicts of
the same metamorphic grade are always scattered in a large district, viz. plan-
ar distribution. There i$ neither north-south nor east-west zoning and grade
variation. Evidently, the relicts of both the Pre-tectonic granular rocks -and
the syntectonic gneisses have never displayed the {eatures of linear progressive
metamorphism. They are consistent with the planar distribution of the same
grade metamorphic rocks in which the metamorphic minerals, even the mafic
minerals which are extreamely sensitive to the variation of P, f, , commonly
keep the same species in almost every rock variation, though the rocks are
very changeable in fabric and the proportion of the different minerals.
Taking the plagioclase and amphiboles as examples, the plagioclase in both the
hornblende two-pyroxene granulite and hornblende two-pyroxene plagioclase gneiss

are all labradorites, the amphiboles are all Mg-hornblendes, The P, { condi-
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