
1'IO MINERAI'OGICAL NOTES

McCowNnr,r,, D. (1964) Refringence of garnets and hydrogarnets' Con' Mi'n'eral'

8, l!-22.
NrsseN, A. L. (1969) A new Norwegian occurrence of scheelite. Norges Geol.

Undnrs. 258, LLUI?3.
Prsronrus, c. w. F. T., aNr G. c. Krl[Npnv (1960) siability relations of grossula-

rite and hydrogrossularite at high temperatures and preszures' Amer' J' Sci"

258, 247-257.
PnrNcsrrorrr, P. (1949) Fluorescence and, Phosph,orescence. Interscience Pub-

Iishers, New York.
eno M. Vocnr, (1M6) Luminescence o! Liqui'ds and $ol;ids amd' its Prac-

ti,oal Appl;tcatioru. Interscience Publishers, New York'

WrNcsnr,r, H. (1958) The composition and physical properties o! gattet' Amer'

Mi,neral.43, 595-600.
Yoonn, I[. s. (1950) stabitity relations of grossularite. J. GeoI. 58,221-2i'53.

Anerican Mineralogist
Vol. 57, pp. 7540-1546 (7972)

IIORNBLENDF-ACTINOLITEANDI{ORNBLENDE-CUMMINGTONITE
ASSOCIATIONSFROMCTIr IJNIRIVER,GIIYANA,SOUTTIAMERICA

Asrr Cnoun:rrrJrt:, Geological Stnueg Department, Georgetown, Guyona

Assrnacr

InrnooucuoN

Parageneses of coexisting amphiboles have been frequently re-

pofied in which two amphiboles not only occur as discrete grains but

,l.o orr" of tliem is found to be rimmed by the other. The most com-

calcic and Mg-Fe amphiboles. Recently, attention has been drawn

to amphibole exsolution by Jaffe et aL. (1968), Klein (1969), and

Ross ei ol. (1968, 19Og). Rimmed amphiboles and exsolved amphiboles



MINERAI.OGICAL NOTES tul

are spatially closely associated in the fine-grained metagreywackes
from Cuyuni River and are described here.

Gnor,ocy

Pnrnocnepny

M,atop e M et agr eg w ack e s

- 
The metagreywackes are fine-grained rocks varying in grain size

from 0.1 to 0.3 mm, with a fine schistosity in some cases. Actinolite,
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tr'rc. 1. sketch map showing location of Matope Falls with respect to Georgetown.



originally tuffaceous. The possibility that the original sediments wele

volcanogenic is also suggested by the 'reported occurrence of grey-

wackes irom the northwest of Guyana that are derived from andesites

(A. R. Westerman, pers. comm.) '
In the hornblende-actinolite metagreywackes the detrital, color-
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Frc. 2. Basal section of amphibole showing pale green actinolite sharply demar-

cated by green hornblende rim' Scale 0'1 mm'
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rims of the porphyroclasts, whereas the fine fibrous actinorite of the
matrix is not. rt is possible that the latter represents newly-formed
actinolite that appeared before hornbrende and persists with it be-
cause of a miscibility gap between the two.

Hotnblende HomJelse's

A few hundred meters away from the rocks described above, horn-
blende hornfelses occur at the contact of granodioritel these horn-
felses belong to the same series of metagreywackes. Texturally they
are fine-grained, equigranular,'and granoblastic, and consist of inter-
locking grains of hornblende, quar|z, andesine (Angr_no), i biotite, :r
cummingtonite; the mineralogy changes over short distances depend-
ing on the presence or absence of the latter two minerals. There is,
however, no actinolite in these rocks which here belong to the horn-
blende hornfels facies. Any actinolite which may have been present
was apparently used up in reactions giving hornblende.

An interesting feature of the hornfelses is the occurrence of exsorved
hornblende with or without coexisting cummingtonite. The hornfelses
(AC-164) consists of coexisting green hornblend.e and colorless cum-
mingtonite in idioblastic to hypidioblastic grains rn-ith andesine (Anno)
and quartz. Besides separate amphibole grains there are numerous
hornblende hosts with colorless cummingtonite lamellae and vice versa.

amphiboles clearly show (100) exsolution with a Becke line between
cummingtonite and hornblende, as well as very faint and fine ramellae
also parallel to (100). The pleochroic scheme of hornblend. ir o : pale
yellow, 0 : light olive green, and 7 : light blue-green. Refractive in-
dices and unit cell dimensions of the amphiboles are given in Table 1.

Another hornfels (AC-158) consists of hornblende, andesine (Ana5),
quartz, and brown biotite. Hornblende shows fine (T0l) exsolution of
cummingtonite of about I to 5 pm thickness (Fig. B). It seems that in
the presence of Kro, biotite is formed in preference to cummingtonite,
which occurs only as exsolved lamellae in the hornblende in contrast
to hornfels AC-164. The hornblende in this case has the paler colors
1 

: pale yellow, B : pale yellow-green, and y : pale yellow-green.
Deeper green hornblende with exsolved cummingtonite ramellae occurs
in the hornfels AC-39, which has hornblende, quartz, and andesine
without separate crystals of biotite or cummingtonite.
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i nd ices  and un i t  ce l l  d imens ions  o f  the  amphibo les

Metasrevwacke Horn fe ls

AC - ',154 -  A c - 1 8 .AC - l '1V

Act ino l i te  Hornb lende Hornblend e cunmj"nBton i te  Hornb lende
crys ta ls

ol-
p
Y

1 .642
1 .650

1 . 6 6 0

1 . 6 1 2
1 .668
1 , 6 ? 2

1 . 6 + '
1 .650

1 . 6 7 2

1 . 6 4 '

1 , 6 4 8

1 . 6 6 4

4 azR

1 . 6 4 4

1 . 6 6 0

Horn fe ls

AC -  164

Hornb lende (1Ol  )  Cummington i te
hos t  lamel lae

)9

Hornb lende (To1)  Cunmin8ton l te
h o s t  l a m e l l a e

b

9.85
1 8 . 0 8

1o4o4,

9 . 5 1
'18.  08

5 . 1 4

1o2o15

9.84
1 e . 0 9
, . t ,

1Q4o4:"

9 . 5 0
1 8 .  0 5

.1iJ202'

Ref rac t ive  ind ices  o f  amph ibo les  probab ly  w i th in  1  O 'OOJ '  FeAe +  Mg

r a t i o s f o l a c t i n o l i t e a n d c u n m i n 8 t o n j - t e a r e o . 4 2 a n d o . 5 0 ' b a s e d o n

opt ica l  da ta  f rom Deer  e t  a :_ .  (19e '5 )  and K le in  (1964)  respec t ive ly '

Un i t  ce l l  d inens i .ons  iD  Anf ls t rom r rn j - ts  by  J 'J '  Pap ike '

Mureuonpsrc FAcTES

According to Ernst (1968), the miscibility gap of aciinolite and

hornblende is probably due to the intersection of a "hornblende

solvus" under relatively low-pressure regional metamorphism. This

appears to have been the case in the Matope metagreywackes in

which green hornblende forms dms on detrital actinolite and also

coexists with actinolite in the matrix. It is possible that the actinolite

in the matrix is newly formed before the formation of hornblende and

has not been entirely consumed for the formation of the latter; pro-
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vided, however, that the two arnphiboles are in equilibrium, the rocks
would then belong to the low-pressure upper greenschist facies of
winkler (1967). This upper greenschist facies association gives way
to the typical hornblende hornfels facies paragenesis, hornblende *
cummingtonite * andesine (Anae) * quartz, in hornfeleses which
have formed as a result of contact metamorphism of the metagrey-
wackes at the contact of a granodiorite.

CoNcr,usroNs

An examination of the fine-grained. metamorphosed sediments of
the Blue Mountains Formation at and around Matope Falls, cuyuni
River, reveals that the rocks are metagreywackes with innumerable
clastic actinolite grains which probably had their origin as volcanic
detritus. These rocks were subjected to greenschist facies meta-
morphism and subsequently contact metamorphosed, so that the actin-
olite-hornblende metagreywackes of the upper greenschist facies de-
scribed above gave rise to hornblende hornferses with coexisting
hornblende and cummingtonite, or with hornblende as the only
amphibole. Hornblendes formed at, high contact temperatures sub-
sequently cooled and exsolved cummingtonite. rn the case of horn-
felses in which hornblende and cummingtonite coexist both these
amphiboles formed in the hornblende hornfels facies and later exsolved.

Fra. 3. Pale yellow green hornblende with exsolution lamellae of colorless cum-
mingtonite oriented parallel to (101) of the host. Scale 0.1 mm.
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TIIE CRYSTAL STRUCTURE OF YAVAPAIITE:
A DISCUSSION
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AND

Ronnnt B. LeucnoN, ly'ASA, Manned Sp'acecraNt Center
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ABsrRAcr

The crystal structure of yavapaiite, recently determined by Graeber and

Rosenzweig (1972), is shown to be similar to those of Feso, and Na,SOn (III)'

Crystal dala and atomic parameters determined in this study are presented.




