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Abstract-A comparison of K, Rb, Th and U concentrations in granulite facies rocks with those of 
unme~mo~ho~d common rock types shows that depletion of these elements in granulites is variable. 
K/Rb ratios for granulites are generally higher than unmetamorphosed rocks, but KfRb ratios only reach 
extreme values when K < 1%. The covariation of K/Rb ratio with K concentration suggests that protolith 
composition, hence mineralogy, is very important in controlling the degree of Rb depletion in granulites. 
Felsic gram&es exhibiting extreme K/Rb ratios are mainly Archean. reflecting the high abundance of 
low K felsic rocks in Archean terrains. The Scourian grant&es of Scotland all have very high K/Rb 
ratios and cannot be considered to be representative of granulite facies terrains. It is impossible from this 
data set to state conclusively whether K is depleted in granulites; K/La ratios of granulites show complete 
overlap with igneous rocks. Th/U ratios in many granulites are greater than 4, indicating U loss relative 
to Th. Felsic granulites with low Th/U ratios also have high La/Th ratios, indicating that these granuhtes 
have been depleted in Th. The low Th/U ratios of these rocks may reflect retention of Th and U in 
resistant accessory phases. 

INTRODUCTION 

EARLY GEOCHEMICAL. studies of granulites found that 
they are depleted in the large ion lithophile elements 
(LILE), particularly K, Rb, U and Th, with concurrent 
increases in K/Rb and Th/U ratios (HEIER and 
ADAMS, 1965; LAMBERT and HEIER, 1967; SIGHI- 
NOLFI, 1969, 1971; HEIER and THORESEN, 197 1). 
Consequently, LILE depletion generally has been 
assumed to be a common feature of granulites. More 
recent geochemical investigations have shown that 
LILE depletions are not found in all granulite terrains, 
and some granulite facies rocks may have even 
experienced LILE enrichment prior to granulite facies 
metamorphism (e.g., southern Indian granulites, 
WEAVER, 1980; JANARDHAN et al., 1983; WEAVER 

and TARNEY, 1983). In addition to southern India, 
examples of granulite facies terrains which show little 
or no LILE depletion include: the Archean Jequie 
Complex, Brazil (SIGHINOLFI et al., 1981; IYER et al., 

I984), the Lapland granulites, Finland (BARBEY -and 
CUNEY, 1982) and the Musgrave Block granulites, 
Australia (GRAY, 1977). 

Evaluating the processes controlling LILE concen- 
trations in granulite facies rocks can offer important 
information on the nature of granulite facies meta- 
morphism and the composition of the lower conti- 
nental crust. Two processes are commonly cited as 
potential means of causing LILE depletion in gran- 
ulites: 

( 1) removal of a partial melt and associated fluids 
(e.g., SIGHINOLFI, 1971; FYFE, 1973) 

(2) fluxing of fluids through granulites during 
metamorphism without substantial partial melt re- 
moval (e.g., TARNEY and WINDLEY, 1977; WEAVER 
and TARNEY, 1980, 1981, 1983; NEWTON et al., 

1980). 

Considerable controversy exists over which process 
is more important in granulite evolution (e.g., PRIDE 
and MUECKE. 1980; WEAVER and TARNEY, 1981). 

The datu SLY 

We have compiled data from the literature on LILE 
concentrations from granuhte facies terrains of many ages. 
Table I lists the age, peak metamorphic conditions (where 
available) and references for the granulite facies rocks re- 
viewed here. Protohths are generally igneous rock types; the 
few metasedimentary granulites are marked by triangles in 
all figures. An important consideration before discussing the 
geochemical data is whether these examples are representative 
of high-pressure granuhte facies rocks in terms of their 
conditions of metamorphic equilibration (we exclude data 
for low pressure granulites). For consistency, the peak meta- 
morphic conditions listed in Table 1 come from the com- 
pilation of NEWTON and PERKINS (1982), when available. 
Otherwise the source of the P-T information is listed at the 
bottom of the table. Equilibration pressures range from 5 to 
12 kilobars, with most of the pressure estimates falling 
above 8 kilobars. Most of these granuiites therefore fall into 
NEWTON and PERKINS’ (1982) massif granulite classification: 
only the southern Indian occurrence would be classihed as 
transitional granulite. 

Another important consideration is the amount of 

retrogression, if any, experienced by these granulites. 
Rb and U are known to partition into aqueous fluids 
more readily than K and Th (SHAW, 1968; BESWICK, 

1973: CARRON and LAGACHE, 1980). Therefore, in- 
troduction of hyd.aus fluids during retrograde meta- 
morphism could cause K/Rb and Th/U ratios to 
decrease. Although retrograde effects are observed 
locally in some terrains (e.g., Qianxi granulites. 
Scourian granulites, Lapland granulites, Norwegian 
granulites), their effect on the trends discussed here 
are considered negligible. Where retrogression is noted, 
it is not always associated with a change in the LILE 
concentrations (HEIER and THORESEN, 197 i ; BEACH 
and TARNEY, 1978). SIGHINOLFI et af. (198 1) sug- 
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gested that the relatively high ~on~entrations of LILL 
observed in Brazilian granulites may be a product of 
re-introduction due to retrogression. There are several 
difhculties with this. First, such an effect should be 
readity observable in thin section and should correlate 
with LILE concentration. Secondly, as noted by IVER 
d Lii. (1984), the proposed Proterozoic retrogression 
would disturb the Rb-Sr isotope system, but this has 
not been observed. Although some granuhtes discussed 
here ~uil~brated at relatively fow pressures and ret- 
rograde effects are found, the majority of the data 
are rep~e~n~tiv~ of rocks which have e~uiIibrated 
at deep Ievels in the crust and show few changes in 
their LILE concentrations due to retrogressive effects. 

Since it is unlikely that the esucf protoiith com~si~ion 
of a granulite facies rock will be known. the only reliahie 
way of determining possible elemental depletions is through 
the corn~~~n of~nnI~te facies rocks with the eom~~tions 
of unmetamorphosed rock types. The implicit assumption 
IS that rocks in granulite facies terrains had similar origins 
to rocks which form near the surface of the’ earth. l.“., 
gmnutites simply represent the metamorphosed equivaients 
of common igneous and sedimentary rock types. Due to tht 
nearly ubiquitous occurrence of ~jrnenta~ rocks in gran- 
mite facies terrains, this is probabty a reasonable assumption. 

Element ratios are one way of determining rduriw eic- 
mental depletions due to metamorphism in given rock types 
If a ratio is well known for common unmetamorphosed 
rock types (e.g., K/Rb. Th/U), then comparison of such 
ratios with those of granutites can potentiafly document 
relative element depletions. However. for KfRb and Th/U. 
it is possible that both elements in each mtia have experienced 
d~~erentiai depletion. In this case, comparing a potentiahy 
mobile eiement with an inferred immobile element may 
provide a useful means of documenting element depletions. 
A difficulty with this approach is that ratios such as K/La 
and RhiLa vary eno~ous~y in common igneous rocks, thus 
making element mobility in metamorphism difficult to 
distinguish from original igneous variations. in the following 
section, we examine K/Rb and Th/U ratios of granulite 
facies rocks and comi)itre them with the sdmf rdttas in 

unmetamo~hosed rocks. A comparison of k an9 fh IO i :A. 
which is presumed to be immobile ii.c. ncithcr depletcc? 
nor ennched). attempts to deline the degree $>I’ K :~nd fh, 
depictions in granulites. 

K .4ND Rh 

The K and Rb concentrations m granuhtes from 
the data set are presented in Fig. I _ Before gcneralizod 

statements can be made about the effctts of granuiifc 
Facies metamo~hism on K and Rh co~~e~t~~tion~, 
the possible range of K/Rb ratios in ~~lf~et~~rn~~~ 

phosed rock types must first be known. Srjqw f 196X! 
compiled K and Rb data for a variety 01 igneous 
rock types and defined several igneous fracttonation 

trends on a Rh IX K piot. HIS main trenJ (“MT” In 
Fig. 3) represents the average of 12 hnear regressions 
which characterize K and Rb concentrations in rock% 
ranging from granite to Continental basatts. ‘The tield 
encompassing these I:! linear regressions is shown tn 
Fig. 1. The “main trend” lies near a K/Rh ratio 01 
130 and shows a slight decrease in K/Rb with increas- 
ing K concentration. A second trend, which diverges 
to higher K/Rb ratios at very low K concentrations. 
is defined by ocean tholeiite basal& (‘“OT” trend on 
Fig. 2). Several igneous rock suites for which trace 
element data have become available more recenll\, 
do not plot along any of Shaw‘s trends: c s_, anor= 
thosites, oceanic piagiogranites and low K rocks from 
modern island arc environments. A ~~o~~pi~at~on of’ 
K and Rb concentrations in anorthosites hv Dr.~- 
CHESNE and DEMAIFFE (197X) shows that many ui’ 
these rocks have very high K/Rb ratios (some above 
10) at K concentrations between 0.3 and k .O wt.3, 
While many of these anorthosites are found within 
granulite facies terrains, their K/Rb ratios are inlrr- 
meted tc3 reflect original igneous values (,I% :!‘I~FsN’~: 
and DEMMFFI_ 1978). Oceanic ~~lagiog~t~l~~~~. tiun~i 



L.I.L. elements in granulites lb47 

5.0 

K% “’ 

0.5 

ARCHEAN GRANULITES , 

l ‘b’l’;/ / Granulite Localities 

South India Brazil Norway 

China Ontario Labrador 

Scotland Antarctica 

IV 

Rb (PP~) 

5.0 

7.0 

K% 
0.5 

0.1 

I I 

POST-ARCHEAN GRANULITES 

Gram&e Localities 

Uganda Tanzania 

prl,,TEmz~ Ontario Adirondacks 

Australia Finlana 

Antmxica 

PHANEROZOIC Italy New Zealan 

I 
,nn 
I”” 

FIG. I. Plot of Rb (ppm) versus K (wt.%) for (a-upper) Archean granulites and (b-lower) Post- 
Archean granulites listed in Table 1. Circles represent intermediate to felsic granulites (SO2 2 55%). 
squares represent mafic granulites (SO2 < 55%). and triangles represent metasediments. Open symbols in 
(a) are Scourian granulites of Scotland. 

as minor components of ophiolite sequences. also ation in K/Rb ratio with K20 content for a variety 
have elevated K/Rb ratios which in some cases may of erogenic andesites (after GILL, 198 I). Most andes- 

be in excess of 1500 (e.g., COLEMAN and DONATO. ites in Fig. 3 have K/Rb ratios higher than Shaw’s 

1979). Low K suites of modern island arcs also show main trend, but in general, only andesites with K20 

generally higher K/Rb ratios than rocks used in contents less than I wt.% have K/Rb ratios above 

SHAW’S (1968) main trend. Figure 3 shows the vari- 500. Some of these andesites have K/Rb ratios above 
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FIG. 2. Plot of Rb (ppm) ver.ruJ K (wt.%) showmg Shaw > 
main trend (MT) and ocean tholeiite trend (OT) compared 
with the “granulite trend” (GT) derived from the data in 
Fig. I. Shaded field surrounding MT line represents field ot 
12 linear regressions which were averaged by SHAW (1968) 
to obtain the MT line. Horizontal arrows represent the 
relative amounts and direction of Rh depletion caused b! 
granulite facies metamorphism. 

1000. Based upon this additional data. the held ot 
K/Rb ratios characteristic of igneous fractionation 

processes should be extended to include higher 
K/Rb ratios at K concentrations between 0.1 and 1 
WT.% (ix.. the region above the OT trend, at K/Rh 
< 1000). 

Little work has been done to evaluate the systematic 
behavior of K/Rb ratios in sedimentary rocks. Al- 

though both K and Rb are quite soluble in IOU 
temperature aqueous solutions. K/Rb ratios do not 
appear to be severely affected during most stages of 
continental weathering (NESBITT IA ~1.. 1980). 7‘hk 
is due to the relative stability of K-feldspar and high 
cation exchange capacity of the clay mineral alteration 

products of biotite and K-feldspar. Increases of K: 
Rb ratio of less than 30% are most common. and 

even the most severely weathered residue will ha\c 

K/Rb ratios lower than the parent rocks C\ iact~“~ 
of less than Z-3. Thus. most shales h:t\c I’a~rl~. 
constant K/Rb ratios of lo&‘50. averaging about 
200. which are not greatI> different tram t!p~cai 

igneous rocks, Archean shales ma\ ha\!: slighti\ 

higher K/Rb. averaging about 300. posslbl! rcflcctlng 
3 more matic upper crust ai that time i M: i t th:.. 
I ox I ). 

Followmg this summar! \;l k and Rh <oncentr,:. 

tions found in tgneous and sedimentary :{Y~s. is.: 
evaluate the degree of Rb and K depletion in granuiitet# 
produced through metamorphism. Figun 1 shout 
Rb 11.). K for Archean granuhtes (a) and po\j- 4rche:rrx 

granulites (b). In this and subsequent plois. circled 
represent intermediate to t&c granulnc-s iS10-. 
3 5%). squares represent matic granuhtcs t SiO.. 

+: 55?) and triangles represent granulitcs with &I- 

mentary protoliths (as determined by the ortgtnai 

investigators listed in Table 1 i. fhe open s:+mbols 111 
Fig. la represent the Scourian granulites rit’ Scotland 

This plot of K and Rb in granulites (Fig. I i reveal\ 
several interesting features. First. the K/Kb ratto ttt 
granulites is related to absolute K collL,-cntnttlori 
granulites with K concentrrttion .:. I %<i.‘; ha\c 

K/Rb ratios generally between ‘50 and 500 and plot 

within the field of Shaw’s main trend. liranulitc% 
with K concentrations c I nt.‘G have EiiRb CWWI 
manly in excess of 500. and as high as 4’700. Then 

high K/Rh granulites overlap the K/Rb ratrus chai- 
acteristic of anorthosites. but range to distinctly highs 

ratios than those of oceamc plagiogranites and low 

K island arc suites. (None of the low K granuIite\ 
plotted are anorthosites or oceanic plagmgranites, :W 
K/Rb ratios for these rocks are not considered relrvanr 

to the folIowIng arguments. i 

1000 

K/Rb 

500 

Shads Main Trend 

1.0 2.0 3.0 

wt. % K20 

FIG. 3. Plot of KZO (wt.%) versus K/Rb ratlo for modem erogenic andesites (from GILL., 198 I ). Arru*\ 
indicate direction of increasing SiOz content. Note that, in general. K/Rb decreases with increasing K$ 
content. Most andesites have K/Rb ratios that lie above the main trend. but vee few have K/Rb rarior 
greater than 1000 
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At first glance. the K/Rb ratios for granulites with 
K concentrations > 1 wt.% appear to require no 
metamorphic effects to explain their ratios: such K 

and Rb concentrations could reflect primary igneous 
fractionation processes. However. because the majority 
of these granulites fall above the main trend line. 
and because case studies of individual terrains do 
show an increase of K/Rb correlative with granulite 
facies metamorphism (LAMBERT and HEIER. 1967: 
HEIER and THORESEN, 197 I : SIGHINOLFI. 197 I : FIELD 
and CLOUGH, 1976). it appears that some depletion 
of Rb has occurred in these rocks. Comparing the 
mean K/Rb ratio for granulites with K > 1 wt.% 

(about 300) to the main trend K/Rb ratio for similar 
K concentrations (about 230 at 2.5 wt.% K) yields 
an average increase in K/Rb by a factor of 1.3. which 

may be attributed to granulite facies metamorphism. 
This Rb depletion, however. is small when com- 

pared with Rb depletion in granulites with K < 1 
wt.%. Felsic granulites with high K/Rb and low K 
come mainly from Archean terrains (Fig. la). (Pro- 

terozoic felsic granulites from southern Norway also 
exhibit extremely high K/Rb ratios (COOPER and 
FIELD, 1977) but are not plotted here because only 

average values were reported.) Unmetamorphosed or 

low-grade Archean and Proterozoic low K felsic rocks 

have K/Rb ratios which fall near Shaw’s main trend 
(e.g., ARTH et al.. 1977; JAHN et al.. 1981: BICKLE 
et al., 1983; MARTIN et al., 1983; HUNTER et al.. 

1984) unlike modern low K island arc suites. and we 
may assume that the Archean granulite protoliths 
with ~1% K had similar K/Rb ratios (about 300. 

JAHN and SUN, 1977). Therefore, the K/Rb ratios 
for granulites with ~1% K show an increase in 
K/Rb ranging from 1.7 to 17. It seems clear that 
granulites with lower K concentrations underwent 
proportionally greater Rb depletion than granulites 
with higher K concentrations. 

Archean granulites form the greatest proportion of 
granulites with high K/Rb ratios (Fig. I). Investigations 
of several of these depleted granulite facies terrains 

suggest that significant melt extraction has not oc- 
curred. and fluxing of CO,-rich fluids has been pro- 
posed as the most likely process responsible for the 
LILE depletion (WEAVER and TARNEY, 1980. 198 I: 

SHERATON and BLACK, 1983: JAHN and ZHANG. 
1984). In support of this model, the ubiquitous 
occurrence of high density COz-rich fluid inclusions 

in granulite facies rocks is often cited. However. the 
presence of C02-rich fluid inclusions is not limited 

to granulites with very high K/Rb ratios. High- 
density. CO*-rich fluid inclusions occur in granulites 
of the Kapuskasing Structural zone, Ontario (RUD- 
NICK ef al.. 1984) and in granulites of southern India 
(JANARDHAN et al., 1983: HANSEN er al.. 1984). The 
Kapuskasing granulites do not exhibit high K/Rb 
ratios, while southern Indian granulites show high 
K/Rb ratios only in some of the highest pressure 
granulites (HANSEN et al., 1984). Therefore. either 

the presence of CO2 fluid inclusions does not imply 

CO2 fluxing. and/or CO: fluxing alone is not the only 
factor causing an increase in K/Rb ratios of granulites. 

While both may be true. the second alternative gains 

support by the apparent compositional dependence 
of K/Rb in granulites. If CO1 fluxing were the only 
cause of increased K/Rb ratios. one would not expect 
to see the K/Rb ratio co-vary with K concentration. 

The restriction of high K/Rb ratios to granulites 
with K concentrations < 1 wt.‘% suggests a mincral- 
ogical control: a conclusion reached by several inves- 
tigators of LILE in granulites ( HEIER. 1973: TARUF-1 
and WINDLEY. 1977: ROLLINSON and WIUDLEJ.. 

1980a). In high K igneous rocks. most of the K will 
be in K-feldspar. which should be stable throughout 

granulite facies metamorphism. provided no melting 
occurs (BOHLEN et al.. 1983). Ratios of partition 

coefficients (kD, where & = concentration in crystal/ 
concentration in silicate melt) for K and Rb can be 
used to evaluate the relative partitioning behavior of 
these elements in different minerals. The higher the 

IYE’~” values, the greater the affinity of the mineral 
for K over Rb. Even though these values are for 
partitioning between minerals and silicate melt. we 

assume they provide an estimate of the relative 
partitioning behavior of K and Rb between minerals 

and fluids during metamorphism. K-feldspars in 
equilibrium with silicic melts have KEIRh = 2.0 to 
3.0. with the average KE’Rh equal to 2.5 (II = 24) 

(PHILPOTTS and SCHNETZLER, 1970: LONG. 1978). 
In addition. mineral/vapor partitioning experiments 

between sanidine and aqueous chloride fluid show 
KEJRh = 2 7 to 5.9 (BESWICK, 1973). CARRON and ._ 
LAGACHE ( 1980) found that KEh in potassium feldspar 
IS close to, but below, one (-0.8). Therefore, if an 
originally Rb-poor aqueous fluid equilibrates with K- 

feldspar. and is then removed, it will lower the Rb 
content of the rock and increase the K/Rb ratio 
slightly. This may explain the higher K/Rb ratios. 

compared with Shaw’s main trend, in granulites with 
K> I?. 

in low K rocks. a significant proportion of the 
whole-rock K may be incorporated into mahc phases 
such as biotite prior to metamorphism. At granulite 

facies pressures and temperatures. biotite plus quartz 
will break down under high uco2 to enstatite, sanidine 
and vapor (BOHLEN et cd.. 1983). Because biotite will 
contain proportionately more Rb than K-feldspar 
due to its large. 12-fold coordination cation sites 
(KR’Rh between phlogopite and aqueous chloride so- 
lution = 0.78 to 1.56 (BESWICK, 1973)) this reaction 

will lead to a dramatic increase in the K/Rb ratio of 
the rock (as suggested by HEIER. 1973). This process 
may explain the very high K/Rb ratios of granulitcs 
with low K contents. 

The above discussions suggest that Rb is depleted 
relative to K during granulite facies metamorphism. 
Evaluating whether K is depleted is more difficult. 
One possible way of doing this is by comparing 
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granulite K concentrations to the concentration of a 
presumed immobile element. such as La. Fig. 4a 
shows La VS. K for the granulites listed in Table I 
(where La data are available). Fig. 4b shows La VS. 
K for common igneous rock types of all ages. Unlike 
Rb vs. K, La and K do not behave coherently during 
igneous fractionation and do not produce a narrowly- 
defined trend. The granulite data also scatter and 
show complete overlap with the igneous data. Based 
upon this. no inference regarding the effects of meta- 
morphism on K can be made. It seems that only 
very general and qualitative inferences can be made: 
the very low K content that is characteristic of some 
Archean felsic granulites (particularly those from the 
Scourian, Qianxi and Enderby Land terrains), is only 
rarely observed in unmetamorphosed Archean felsic 
rocks. This may suggest that these granuiites may 
have lost K during me~mo~hism, however more 
data for unmetamorphosed Archean felsic rocks is 
needed in order to rule out sampling bias. 

Figure 2 shows the proposed granulite trend as 
defined by the data in Fig. 1. The arrows indicate the 
relative direction and magnitude that K/Rb ratios 
move during granulite facies me~mo~hism (note 
that the arrows could point slightly downwards, in- 
dicating slight K depletion, but we are not able to 
say definitively whether, or how much. K depletion 
has occurred). Granulite facies terrains with very 
high K/Rb ratios are mainly Archean, reflecting the 

higher proportion of sodic granites in Archean terrains. 
however, the Scourian granulites appear to represent 
a special case. Most have less than 1% K and very 
high K/Rb ratios and the few Scourian granites, with 
3-48 K, all have K/Rb ratios greater than 500 (Fig. 
la) (ROLLINSON and WINDLEY. 1980a. b) and fail to 
the left side of the granulite trend. Therefore. the 
Scourian granulites appear to be the most depleted 
granulites in the data set. In this respect. as in Sr 
isotopic systematics (BEN OTHMAN et al.. 1984: T.A~.- 
LOR and MCLENNAN, 1985). the Scourian represents 
a unique granulite facies terrain and cannot be con- 
sidered representative. 

Th AND U 

Th concentrations in igneous rock types range 
from very low values in basalts (~0.1 ppm. with 
‘Th/U L 1.4 (JOCHUM er al., 1984)). to 60 ppm Th 
in granites (with Th/U h 6 (ROGERS and ADAMS, 
1978)). Most igneous rock types have Th/U ratios 
that fall between 3.5 to 4.0 (ROGERS and ADAMS, 
1978). with a general trend of increasing Th/U ratio 
with increasing Th concentration (hence differentia- 
tion) (JOCHUM et ni.. 1983: ROGERS and ADAMS. 
1978). ThfU ratios of sedimentary rocks typically 
range from about 2 (for some island-arc greywackes) 
to about IO. Most shales have Th/U ratios of about 
4-6 (MCLENNAN and TAYLOR, 1980). 

Fewer data are available for Th and U concentra- 
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FIG. 5. Plot of U (ppm) VCYSUS Th (ppm) for granulites listed at right side of figure. Symbols as in Fig. 1 
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tions in granulite facies rocks than for K and Rh. 
but the availabfe analyses are pLotted in Fig. 5. 
Although scattered, the data form a continuum from 
low to high Th and U concentrations, with the ‘Thi 
IJ ratio apparently correlative with absolute concen- 
tration. Th/U ratio exceeds IO generally only at I : 
concentrations > 0.5 ppm. 

This plot shows clearly that most granuiites exhibit 
U depletion relative to Th. as evidenced by Th/U 
ratios > 4. DOS-AL and CAPEDRI (1978) have sug- 

gested a mechanism for this depletion whereby I,. 
concentrated along mineral grain boundaries in rocks 
up to amphibolite facies. is lost to fluids during 
granulite facie, metamorphism. Th. which is con- 
tained primarily in mineral lattice sites. is not readil) 
leached. However, U Ioss may atso occur in amphrb- 
olite facies rocks. For example. the Amitsoq gneisses 
of Greenland exhibit very low Th and U concentra- 
tions and unradiogenic Pb (TAYLOR t’f al.. 1980) and 
show no evidence of having reached granuhte facies 
conditions (LAMBERT and HOLLAND. 1976). The Thi 
U ratio of these gneisses is very low. indicating that 
Th and U were lost in similar proportions. 

Figure 6 shows Th wsus La for the granulite data 
set. The data show large scatter. but a general trend 
of increasing La/Th ratio with decreasing La concen- 

tration is apparent. This type of trend might be 
expected to be produced through igneous fmctionatron 
processes since Th is. in general, less compatible than 
La. However, the very high La/Th values of man) 
of the felsic granulites (particularly the Scourian) are 
larger than typical La/Th ratios for intermediate to 
felsic igneous rocks (La/Th = I - 10 for island arc 
lavas (GILL, 1981) and La/Th = 2.7-3.6 for sediments 
(MCLENNAN ef al.. 1980). which reflect upper crustal 
values). Therefore, it appears that some granulites 
are Th depleted. 

The behavior of Th and U in granulite facies rocks 
can be summarized by plotting La/Th IW.W.S Th/li 
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FIG. 6. Plot of La (ppm) versus Th tppm) for gram&es. 
Symbols as in Fig. 1. 
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FL. 7. La/Th ratio versus Th/U ratio for felsrc granulrte, 
(all Archean). Box at IeFt represents field of common igneoils 
rocks (excluding MORB, which have LajTh :, IO). Tiw 
negative correlation is simply a function of Th bemg plotted 
on both axes. Granulites plotting above box hate lost i: 
relative to Th. Granulites plotting right of box haw lost 
both Th and U (see text). All data determined either h\ 
instrumental neutron activation analysis or spark source* 
mass spectrometry. 

(Fig. 7). The box on the iefi side of the diagram 
represents the field of igneous rock types: few gran- 
ulites fall within this box. Granulites plotting abob<\ 
the box have experienced U depletion with little tr.: 
no Th depletion. Granulites plotting to the tight oi‘ 
the box have experienced both Th and I: depletion, 
and in some cases. more Th is Lost than 1’ {causing 
the Th/U ratio to be <4). It is not likely that OIL, 
felsic granulites falling to the right of the ‘ito\ hav<~ 
only experienced Th depletion without li depletiw 

because the absolute concentratton of Th and 1.1 I!I 
these rocks is extremely low t~O.5 ppm tar both 
elements tn all cases). indicating that both trltvt: hcc:~ 

depleted. ‘hese granulites with low Th and li con 
centrations may be reflecting retention ot I’h and i 
in resistant accessory phases such as zircon (with 
Th/U = 0. I-3.5 (SPEER. 1980; &.A(?. :.I dli., II: 
prep.)), apatite (Th/U = I .8-4.5 (SAWKA and f.‘nr~ 
PELL. 1985: SAWKA, pers. corllmun.)j or sphenr (‘l’h; 
1; I - 1 1 (DEER er ul., 1982: SAWKA and C IWWL! 
I WJ)), all of which may be preserved during granulitc 
facies metamorphism (HELLMAN and GRWN. 197‘1’ 
DEER i’i LI/.. I WC). 

In summary. most granuhtes exhibit U tfepktictr;, 
while only some granulites are depleted in Th. The 
degree of U and Th depletion will depend upon. ! I 
the position of U and Th in the protolith il.e. NC 
the elements in lattice sites or on grain boundaries). 
2) the presence of a fluid phase to transport the 
elements out of the rocks, 3) the stability of various 
accessory phases during granutite facirs metamor- 
phism. 
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CONCLUSIONS 

(I ) The abundances of Rb, Th and U in granulite 
facies rocks show widely variable degrees of depletion 

compared to those in unmetamorphosed rocks of 
similar major element composition. 

(2) K/Rb ratios of granulites. although usually 
higher than in unmetamorphosed rocks. only reach 
very high values (>750) when the K concentration 
is tl%. 

(3) The dependence of K/Rb with K content 
indicates that both protolith composition and min- 
eralogy are factors in controlling Rb depletion in 
granulites. Rb is excluded relative to K in lattice 
sites. For rocks with low K concentrations, and hence 
no major K-bearing minerals, the large cation Rb is 

likely to be extremely mobile. 
(4) Scourian granulites have higher K/Rb ratios 

than granulites from other terrains. 
(5) It is difficult to document K depletion in 

granulites; K/La ratios in granulites show complete 
overlap with K/La of igneous rocks. 

(6) Most Th/U ratios in granulites are >4, indic- 
ative of U loss relative to Th. 

(7) Felsic granulites with low Th/U ratios have 

high La/Th ratios, indicating that these rocks are 
depleted in Th. Their very low Th and U abundances 

reflect loss of both elements. 
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