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Complex pegmatites containing unusual minerals 
are recognized to possess very suitable material 
for radiometric dating. Pegmatitic uraninite hav
ing concordant U-Th-Pb ages was used to 'geo
logically' determine both the decay constant of 
40K (to 40Ar) (Wetherill et al. 1956) and 87Rb 
(Aldrich et al. 1956), using mica cogenetic with 
the uraninite. The complex pegmatite examined 
in this study contains biotite, muscovite, plagio
clase, K-feldspar, xenotime and euxenite. Be
cause of the very large grain size of the pegmati
tic minerals, whole-rock dating is impractical and 
only minerals were analyzed. Of the applicable 
radiometric methods, Rb-Sr, U-Pb and Pb-Pb 
were used. These isotopic analyses were carried 
out with the hope of determining a time of cry
stallization of the pegmatite, recognizing a 
source for the pegmatitic magma and looking for 
possible isotopic variations in the zones of the 
pegmatite. The isotopic composition of oxygen 
was measured on separated minerals from sever
al samples, to determine the extent to which 
meteoric waters may have affected the pegmatite 
after its crystallization. 

Geological setting 
The Gloserheia granite pegmatite is a large 
(800 X 150 m), complexly zoned body located ca. 
9 km N. of the town of Arendal in SE Norway. 
(Fig. l) It intrudes Precambrian gneisses of the 
Bamble formation which have been metamor-

phosed to upper amphibolite - intermediate-P 
granulite facies. Foliations in the country rocks 
are sharply crosscut by the pegmatite, indicating 
that the pegmatite is post-tectonic with regard to 
the last major metamorphic episode in the area. 
Some later disturbance is, however, suggested by 
deformation of plagioclase lamellae, chloritiza
tion of biotite, and sericitization of feldspars. 

The pegmatite is V-shaped in plan with a mas
sive quartz core (Åmli 1977). The core bad a 
volume of at least 100,000 m3, and was mined 
from 1881 to 1982, mainly for use in ceramics and 
metallurgy. The pegmatite shows a well-devel
oped, regular zonal structure, consisting of the 
following mappable divisions (Åmli 1977). 

l) Core: massive quartz, locally miarolitic, very 
minor microcline and apatite, often in very 
large crystals, trace xenotime and monazite. 

2) Intermediate zone I (0.5- 3 m): coarse blocky 
microcline crystals, interstitial biotite and 
quartz, large apatite crystals. 

3) Int. zone Il (0.2-1 m): coarse anhedral pla
gioclase. 

4) Int. zone Ill (c. O.l m): plagioclase, minor 
microcline and quartz. Local extensive secon
dary muscovitization, with concentrations of 
euxenite, allanite, apatite, zircon and uranium 
minerals. 

5) Int. zone IV (c. O.l m): graphically intergrown 
quartz and plagioclase. 

6) Int. zone V (5-8): graphically intergrown 
quartz and microcline. 
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Fig. l. Location of the Gloserheia pegmatite, A, Arendal; L, 
Levang gneiss dome. 

7) Wall zone (0.1-1.5): quartz and plagioclase, 
hypidiomorphic granular microstructure. 

8) Border zone (< O.l m): similar to wall zone 
but finer-grained, with more biotite and mag
netite. 

The apatites of the core and zones I and Ill 
contain abundant inclusions of xenotime and 
monazite. The REE patterns of these phases 
suggest that the xenotime and monazite formed 
by exsolution from the apatite, possibly accom
panied by metasomatism (Åmli 1975). All three 
phases show an increase in the ratio LREE/ 
HREE toward the core, and with time within 
each zone, suggesting that the pegmatite crystal
lized inward from the walls. Separate crystals of 
xenotime from zone Ill, and in replacement 
veins through zone l, do not follow these trends. 
They appear to have formed late in the pegma
tite crystallization history, together with euxenite 
and allanite (Åmli 1975). 

The oldest rocks of the Bamble province are 
gneisses, dated to 1400- 1600 Ma by Rb-Sr 
whole-rock methods and by U-Pb analyses of 
zircon (O'Nions & Baadsgaard 1971, Field & 
Råheim 1979). There is also abundant geochron-
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ological evidence for a thermal event in the 
1000-1200 Ma period. U-Pb analyses of zircons 
from the reactivated portion of Levang gneiss 
dome (ca. 25 km NE of Gloserheia), give upper
intercept dates of ca. 1060 Ma, identical to con
cordant dates on sphene. Similar U-Pb dates are 
obtained on zircon and allanite from syn- and 
post-metamorphic pegmatites in the same area 
(O'Nions & Baadsgaard 1971). K-Ar analyses of 
amphiboles from the Levang area suggest a ther
mal peak at c. 1100 Ma, cooling over c. 120 Ma 
(O'Nions et al. 1969). K-Ar dates on biotite 
from several pegmatites and granites from Bam
ble duster in the period 830-900 Ma (Broch 
1964). Rb-Sr mineral isochrons on several gran
ulites from the Arendal area record ages of c. 
1040 Ma (Field & Råheim 1979). The Bamble 
region, and the related Kongsberg sector to the 
north, are intruded by numerous post-tectonic 
granites that yield Rb-Sr whole-rock isochron 
ages of 900-1000 Ma (Killeen & Heier 1975, 
Pedersen et al. 1978). Many of these, especially 
the youngest ones, have low values of Isn sug
gesting that they are dominantly of juvenile ori
gin. 

There has been considerable discussion about 
the interpretation of the 1000-1200 Ma radiome
tric dates. These dates have been widely accept
ed as giving the age of the last regional high
grade metamorphic event, which has thus been 
correlated with the Grenville episode of eastern 
North America (Torske 1977, Falkum & Peder
sen 1980). The rejuvenation of the Levang gneiss 
dome has been correlated with this event 
(O'Nions & Baadsgard 1971). Jacobsen & Heier 
(1978) demonstrated that syntectonic granites in 
the Kongsberg sector gave Rb-Sr whole rock 
ages of 1050- 1200 Ma, and were derived from 
older (ca. 1600 Ma) crustal material. 

Field & Råheim (1979), on the other hand, 
argue that the 1000- 1200 Ma ages reflect only 
minor alteration of much older metamorphic 
rocks, and relate this alteration to the discolor
ation of granulites. Smalley et al. (1983) show 
that there is no clear relationship of Rb- Sr re
setting to color, and conclude that the resetting is 
caused by minor pegmatite intrusions. Smalley 
et al. obtained a whole-rock Rb- Sr date of ca. 
1200 Ma on an intrusive body (the Gjerstad au
gen gneiss). They interpret this as an intrusion 
age, and a minimum age for the last metamor
phic event. This interpretation may be ques
tioned, however, since the body in question is 
itself intensely deformed and recrystallized. 
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In summary: available geochronological data 
from the Bamble sector demonstrate that older 
gneisses (ca. 1400- 1600 Ma) were affected by a 
thermal episode ca. 1000- 1200 Ma ago. It is still 
unclear whether this episode involved high
grade tectonothermal metamorphism. If it did 
not, then the source of the heat is not obvious, 
since the major iritrusion of granitic material into 
the terrain postdates the apparent thermal peak 
by 100-200 Ma. There are also possible thermal 
effects at 830-900 Ma when the K- Ar dates on 
micas were reset. 

Analytical methods 
Biotite, muscovite, plagioclase, K-feldspar and 
quartz were separated and purified by conven
tional magnetic and heavy-liquid techniques. 
Xenotime was obtained by acid leaching of the 
host apatite crystals, then further purified using 
heavy-liquids and magnetic separation. Euxenite 
was collected by hand picking pure chips and 
grains of the mineral. 

Rb-Sr analysis involved HF- HN03 decompo
sition of the spiked mineral, co-precipitation of Sr 
with pure Ba(N03)z, and purification of the Sr 
on a cation-exchange column. The Rb was sepa
rated from the supernatant liquid of the 
Ba(N03h precipitation by addition of H2S04, 
evaporation and ignition, leaching of alkalis with 
H20 and HCL04 precipitation of (K, Rb)Cl04. 
U-Pb isotopic deterrninations on xenotime and 
euxenite used the Krogh (1973) method of de
composition, co-precipitation of Pb with 
Ba(N03h and purification of the Pb on a chlo
ride anion-exchange column. Uranium was taken 
from the supernatant liquid of the Ba(N03h pre
cipitation by means of a nitrate anion-exchange 
column. Pb separations on feldspar were carried 
out by HF - HN03 decomposition co-precipita
tion of the Pb with Ba(N03h and chloride an
ion-exchange purification. All isotopic measure
ments of the separated elements were made on a 
V. G. Micromass 30 mass spectrometer, except 
for Rb, which was analyzed with a 12-inch solid
source instrument constructed at the University 
of Alberta by G. L. Cumming. A verage blanks 
for the various procedures amount to 1.2 ng Sr, 
2.6 ng Rb, <l ng U, 1.2 ng Pb (Krogh proce
dure) and 3.1 ng Pb (feldspar Pb-extraction pro
cedure). In almost all cases, the blank correction 
was less than one part per thousand of the ana
lyzed constituent. (A more detailed description 
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of the analytical methods may be found in Cha
plin 1981.) 

Results 
Rubidium-strontium 
The results of the Rb-Sr determinations are giv
en in Tab le l and presented in a series of Figures 
(2- 5) because of differences in scale and data 
distribution. The isochron diagram for biotite is 
given in Figure 2, for muscovite in Figure 3, for 
relatively unaltered K-feldspar in Figure 4, and 
for plagioclase in Figure 5. Comparison of Fig
ures 2- 5 shows that the four minerals yield stron
tium variation plots giving different approximate 
dates, and with the data points scattered outside 
the limits of analytical variation about straight 
lines. The variable Rb-Sr mineral results were 
not unexpected since petrographic examination 
of the minerals showed almost all plagioclase to 
be strongly sericitized, the biotite bent and some
what chloritized, and the muscovite fresh and 
apparently unaltered. The microcline revealed 
replacement by sericite and quartz along small 
fractures in some samples, while untwinned 
(orthoclase?) K-feldspar in the outer zones was 
subject to kaolinization. The eleven relatively 
unaltered (petrographic examination) potassic 
feldspars plotted in Figure 4 give the best line 
(1062±11 Ma), though the M.S.W.D. is still 
much larger than one. The initial 87Sr/86Sr ratio 
of 0.7023 falls in the range of values considered 
to be from 'mantle-derived' rocks, and the date is 
thought to be dose to that for original crystalliza
tion of the pegmatite. If the original time of 
crystallization of the pegmatite minerals was 
-1060 Ma, then the micas ( especially biotite) 
have lost radiogenic strontium while plagioclase 
has gained radiogenic strontium at some time 
notably later than 1060 Ma ago. This pattern of 
gain and loss of radiogenic strontium has been 
found for other minerals (see Brooks 1968) and 
experimentally observed as a result of secondary 
heating (Baadsgaard & Van Breemen 1970). 

Uranium-lead 
U-Pb analyses on an xenotime and several eux
enite samples are given in Table 2 and plotted on 
a concordia diagram in Figure 6. A regression 
line on the euxenite samples ( calculated by the 
method described by Ludwig (1980) gives an up
per intersection with the concordia line at 1060�� 
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Table I. Rb/Sr analytical data for minerals from the Gloserheia 
pegmatite. 

Sam p le 86Sr 87Rb 87Rbf86Rb 87Srf86Sr 
Number (ppm) (ppm) atomic atomic 

ratio ratio 

Potassium feldspar - relatively unaltered 
C-2 . 9.4773 146.49 15.279 0.9362 
Cl-l 7.7928 122.98 15.600 0.9398 
Cl-4 7.0063 142.42 19.923 1.0021 
IZl-5 . 6.5390 143.63 21.712 1.0292 
IZl-11 * 7.4363 130.52 17.349 0.%12 
IZ5-1 . 5.3369 93.329 17.286 0.9601 

Plagioclase 
IZl-4 3.0078 0.5015 0.1648 0.7223 
IZ2-2 3.2183 0.2210 0.0679 0.7182 
IZ2-3 2.2707 0.2478 0.1079 0.7196 
IZ2-6 1.0935 0.6484 0.5862 0.7275 
IZ2-7 5.7252 3.7235 0.6429 0.7185 
IZ2-8 2.4478 0.7001 0.1348 0.7208 
IZ3-2 6.7749 6.1227 0.8933 0.7257 
IZ3-3 6.5803 4.7036 0.7066 0.7230 

Feldspars. Heavier and lighter separates from perthites 
IZ1-8 +* 6.5809 13.864 2.8025 0.7435 
IZl-8 - 5.2973 3.6910 0.6887 0.7234 
IZ4-1 +* 4.66(13 92.343 19.587 0.9994 
IZ4-1 2.8429 1.3779 0.4791 0.7208 
IZ4-2 +* 4.6080 33.423 7.1667 0.8164 
IZ4-2 - 3.1175 2.6887 0.8525 0.7264 
IZ5-2 - 2.2128 29.581 13.214 0.9018 
IZ5-2 - 0.2108 2.3943 11.225 0.8745 
BZ-1 10.971 9.6044 0.8654 0.7241 

Muscovite 
C-l 0.9809 121.87 122.80 2.2682 
IZl-4 0.9367 98.847 104.32 2.1772 
IZl-10 0.7529 104.34 136.99 2.6130 
IZ2-1 0.8984 130.18 143.23 2.8307 
IZ2-1 0.8815 130.77 146.64 2.8600 
IZ2-2 1.0781 102.57 94.049 2.0042 
IZ2-3 0.6547 55.734 84.146 1.9272 
1Z2-6 0.7812 92.769 117.38 2.3374 
IZ2-8 0.8739 104.66 118.37 2.4030 

Biotite 
Cl-l 0.5149 405.46 778.32 10.483 
Cl-2 0.3152 339.61 1253.4 18.112 
lZl-3 0.6927 448.63 640.16 8.334 
lZl-11 0.3056 442.68 1431.9 18.838 
1Z2-5 0.2808 409.06 1440.2 19.460 
IZ3-3 2.3003 69.439 29.841 1.0067 
IZ3-3 2.1926 66.545 30.001 1.0130 
1Z4-1 0.4651 454.05 965.08 13.484 
1Z4-2 0.2908 496.56 1688.8 22.372 

• relatively unaltered mineral sample used in the K-feldspar 
isochron. 

+ mineral separate with lighter specific gravity. 
- mineral separate with heavier specific gra vi ty. 

Symbo/s: BZ, border zone; WZ, wall zone; lZ 1-5, lntermedi-
ate zones I-V (see text for relative position and mineralogical 
composition); Cl, contact between core and intermediate zone 
l; C, core (large K-feldspar x1s. in quartz core). 
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Fig. 2. Rb-Sr isochron plot of the Gloserheia biotite samples. 
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ples. 
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Fig. 4. Rb-Sr isochron plot of the relatively unaltered potassic 
feldspars from the Gloserheia pegmatite. The ± 11 Ma is an 
expanded error = ± l o X V MSWD . 

Ma (2o errors). The M.S.W.D. for the euxenite 
regression line is 35, indicating variation of data 
points (from a straight line) outside analytical 
error. The lower concordia intersection for this 
line is -400 Ma, but the continuous Pb-diffusion 
model (Wasserburg 1963) predicts a lower inter
cept doser to -100 Ma. The determined inter
cept could be biased towards a higher value by 
the apparent metamorphism (at around 900 Ma) 
indicated by Rb-Sr results on the biotites. The 
xenotime yields an essentially concordant U-Pb 
date of -1030 Ma. Found as oriented filament
like crystals within large apati te crystals, the xeno
time possibly formed when the apatite cooled 
or was subjected to metasomatism, whereby the 
xenotime exsolved from the apatite lattice. The 
1060 Ma intersection age for the euxenite prob
ably represents a value dose to the original crys-

Table 2. Measured Pb lsotope Ratios 

Sample '1!J6/'1JJ4 zrn/206 'JiJ8/206 

(Xenotime) 
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Fig. 5. Rb-Sr isochron plot of the Gloserheia plagioclase sam
ples. All the plagioclase samples have gained radiogenic 87Sr 
relative to the unaltered K-feldspars. This change probably 
occurred at the time of loss of radiogenic 87Sr from the micas 
( -900 Ma) and likely accompanied the minor sericitization 
observed in the plagioclase samples. 

tallization of the euxenite, particularly since it 
compares dosely to the Rb-Sr isochron age of 
the essentially unaltered potassic feldspars. 

Lead-lead 
To further examine isotope variation within the 
pegmatite, potassic feldspars from each internal 
zone were analyzed for their lead isotope ratios. 
The results are given in Table 3 and plotted on a 
207PbF04Pb vs 206PbF04Pb diagram in Figure 7. 
The plotted points scatter outside the analytical 
limits for a straight line, but follow a 1100-Ma
slope reference line dosely. Man y of the feldspar 
samples contain highly radiogenic lead. Howev
er, if only the less radiogenic samples are plotted 
(see Figure 8), they fit on a regression line within 
nominal analytical error (M.S.W.D.=2.39). This 

23su, ppm 206Pb, ppm 206pbf23•u 2rnPb/235U 

IZ-1-6 16949± 575 0.07401 ±l 0.3660 ±l 1151 173.4 0.1741 1.7565 

Euxenites 
IZ-1-8 14493 ± 420 0.07611 ±2 0.11232 ± 4 97554 15237 0.1805 1.8695 
IZ·3-2A 11905± 142 0.07344 ±l 0.11880 ± 2 86045 10878 0.1461 1.4551 
IZ-3-2B 7194± 259 0.07433 ±l 0.12113 ± 2 79235 10178 0.1484 1.4808 
IZ-3-3 15385 ± 237 0.07545 ±4 0.12333 ± 7 78904 11833 0.1733 1.7883 
IZ-3-4 43478±3800 0.07301 ± 3 0.11027 ± 4 95793 12573 0.1516 1.5197 

WZ-2 8264± 205 0.07541 ±l 0.08973 ±4 105664 15571 0.1703 1.7303 
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Fig. 6. Concordia plot of euxenites and one xenotime from the 
Gloserheia pegmatite. 

line has a slope age of 1085±28 Ma, but inter
sects the 'mantle' lead growth curve proposed by 
Stacey & Kramers (1975) at about 1200 Ma. If 
the second stage M of Stacey and Kramers is 
changed from 9.74 to 9.695, the feldspar lead line 
becomes a single stage line. 

Ludwig & Silver (1977) have shown that acid
leaching of lead from feldspar can reveal lead
isotope inhomogeneity in the mineral. Accord
ingly, a set of Gloserheia feldspar samples was 
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Fig. 7. Pb-Pb plot of lead isotope ratios from potassic feldspars. 

ground to <200 mesh powder and leached with 
HN03 and dilute HF for 15 minutes. The residue 
from the leaching was collected, washed thor
oughly with vapor-distilled H20 and analyzed for 
Pb isotopes. The results are given in Table 3 and 
plotted in Figure 9. This plot shows the radio
genic component of the feldspar Pb to be strong
ly leached from the minerals. This radiogenic 
lead must be introduced into the K-feldspar ei
ther from uranium trapped in the feldspar at the 

Table 3. Feldspar Lead Isotope Ratios- Gloserheia Pegmatite. Measured Pb Ratios 

Sample 
1JJ7/Zl)6 208JZ1)6 1JJ4/Zl)6 Zl)6/204 207/204 2081204 

IZ-1-10 l *0.8032 ±2 1.9177 ±5 0. 05120 ±6 19.53 15.69 37.39 
BZ-1 t *0.7949 ± 2 1. 9090 ±4 0. 05062 ±4 19.76 15.70 37.71 
IZ-1-11 *0. 70349 ± 4 1. 7035 ±l 0. 04420 ±l 22.62 15.92 38.54 
IZ-1-4 *0.8492 ±l 2.006 ±l 0.05446 ±5 18.36 15.59 36.83 
Cl-I *0.76354± 8 1.8092 ±5 0. 04844 ±2 20.64 15.76 37.35 
IZ-2-7 *0.80792 ± 5 1.9228 ±2 0. 05156 ±4 19.39 15.67 37.29 
LEACHED 0.84006±3 1.9847 ±l 0.5385 ±l 18.57 15.60 36.86 
IZ-4-1 t 0.33079 ±l 0.78150 ± 7 0.017843 ± 3 56.05 18.54 43.80 
LEACHED 0.53406± 1.2626 ±l 0. 03250 ±l 30.77 16.43 38.85 
IZ-5-2 l 0.49787 ± 4 1.2096 ± 2 0. 03002 ±2 33.31 16.59 40.29 
LEACHED 0.61283 ± 3 1.4757 ± 4 0. 03835 ±6 26.08 15.98 38.48 
IZ-3-2 0. 25558 ± 2 0. 61352 ± 4 0.01256 ±l 79.62 20.35 48.85 
LEACHED 0.4238 ±2 1.0085 ± 4 0. 02454 ± 4 40.75 17.27 41.10 
IZ-1-8 � 0.18341 ±2 0.40333 ± 5 0. 007582 ± 3 131.89 24.19 53.20 
LEACHED 0.27917 ±l 0.65175 ± 4 0.014289 ± 5 69.98 19. 54 45.61 
WZ-1 0.37948± 4 0. 94525 ± 7 0. 022002± 3 45.45 17.25 42.96 
LEACHED 0.33401 ± 3 0. 82778 ±5 0. 019758 ± 9 50.61 16.91 41.90 
IZ-2-8 l 0.27720 ±l 0.75711 ± 2 0.014198 ± 3 70.43 19.52 53.32 
IZ-4-2 l 0.29739 ±l 0.69235 ±l 0. 01565 ±l 63.90 19. 00 44.24 
IZ-1-8 l 0.21121 ± 3 0.48318 ± 9 0. 009424± 5 106.11 22.41 51.27 
IZ-4-2 0. 29161 ±l 0.68172 ± 2 0. 015250 ± 4 65.57 19.12 44.70 
IZ-5-1 *0.72994±7 1.7688 ± 8 0. 04607 ±l 21.71 15.84 38.39 

• samples low in radiogenic lead used in Figure 8. 
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Fig. 8. Pb-Pb plot of the seven least radiogenic leads from the 
potassic feldspars. The S & K growth curve is that of Stacey 
and Kramers (1975) One sigma errors used in regression are: 
206/204- 0.2%o, 207/204- 0.25%o, correlation coefficient p= 
0.8. 

time of crystallization, or during subsequent 
metamorphic recrystallization. Because the acid 
leaching did not unduly change the Pb-Pb slope 
age of the feldspars, it is suspected that the radio
genic lead is derived from tiny inclusions of U
rich phases enclosed in feldspar during the initial 
crystallization. The two initial feldspar samples 
with the most highly-radiogenic lead were ana
lyzed for uranium and found to contain 40.9 ppm 
U (IZ-1-8) and 6.5 ppm U (IZ-3-2). The two 
pegmatite zones, IZ-1 and IZ-3, from which 
these samples were taken also contain the most 
abundant euxenite. Crushing and leaching the 
feldspar samples with acid thus removed a large 
portion of the uranium contaminant. 

Oxygen isotopes 

In order to see if oxygen isotope variation shows 
any correlation with the observed Sr isotope vari
ation, samples were analyzed by the BrF5 meth
od of Clayton & Mayeda (1963). The data are 
reported with respect to SMOW (Craig 1961) in 
the usual l>180 notation. A one-sigma standard 
deviation of ±0.1%o in measured o180 was calcu
lated from the pooled residual variance of repli
cate analysis of a variety of other samples ana-
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Fig. 9. Pb-Pb plot of lead isotopes from unleached versus acid
leached potassic feldspars. 

lyzed in the la bora tory during the period of these 
measurements. 

Results of the oxygen isotope measurements 
on selected minerals from the Gloserheia pegma
tite are given in Table 4 and plotted versus the 
pegmatite zone in Figure 10. The data show that 
the l>180-values fall within the upper part of the 
range established for granitic pegmatites (Taylor 
& Friedrichsen 1983), and the usual igneous iso
tope enrichment patterns for the minerals are 
obtained; 0180 values increase in the order bio
tite-muscovite-potassium feldspar-quartz. Since 

Table 4. 

Sam p le 

C-l 
C-4 
C-5 
C-6 
C-7 
Cl-l 
IZl-2 
!Zl-11 
IZ2-1 
IZ4-1 

Quartz 
(±O. l%o) 

+12.8%o 
+10.8%o 
+11.4%o 
+ 11.2%o 
+11.7%. 
+10.6%o 
+ 10.5%o 
+ 11.9%. 
+11.4%. 
+11.3%o 

K-Feldspar Biotite 
(±0. 1%o) (±O. l%o) 

+10.1%o +7.1%o 

+10.5%. +7.5%o 

+ 9.2%. +5.5%o 

Muscovite 
(±O.l%o) 

+9.3%o 

+9.7%o 
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Fig. 10. Oxygen isotope values of selected minerals from the 
Gloserheia pegmatite. 

no quartz-feldspar reversals occur, the probabil
ity of strong interaction of the pegmatite miner
als with hydrothermal waters is remote. If tem
peratures are estimated from the quartz-mica 
pairs (Clayton 1981), values ranging from 600 to 
300oc are obtained. This temperature variation 
may arise from the presence and persistence of 
local isotopic exchange with an aqueous vapor 
ph

_
ase �reated by resurgent boiling (see Taylor & 

Fnednchsen 1978). Altematively, the range of 
oxygen isotope mineral temperatures may be 
caused by a later thermal metamorphism which 
vari�bly disturbed the Sr and O isotope values 
and

_ 
m�uced mild sericitization of the plagioclase. 

St�mficant alteration of the pegmatite by me
teortc waters or weathering processes is pre
cluded by the strong positive enrichment of 180 
in various mineral phases. The oxygen isotope 
data appear consistent with an igneous origin of 
the pegmatite, followed by moderate metamor
phic reheating some time after emplacement and 
cooling. 

Conclusions 
Petrographic evidence shows that the Gloserheia 
pegmatite was subjected to some post-crystalliza-
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tion alteration. The Rb-Sr data for the micas and 
plagioclase indicate that this alteration occurred 
well after emplacement of the pegmatite, possi
bly at the time given by the 8�74 Ma K-Ar 
biotite dates of O'Nions et al. (1969), Neumann 
(1960) and Broch (1964) in the Bamble Sector. 
The pegmatite minerals were open chemical sys
tems only in small part since the 6180-values are 
within the range of normal granite pegmatite 
values, and the relative order of 6180-values for 
the minerals also is normal. The weak secondary 

�etamorphism caused sericitization of the pla
g10clase and a gain in radiogenic Sr, but did not 
reset the Rb-Sr system in the relatively unaltered 
potassic feldspars, which yield a Rb-Sr date of 
1062±11 Ma (M.S.W.D. = 90) and an initial 87/ 
86 ratio of 0.7023±0.0002. The feldspars also 
give a Pb-Pb isochron age of 1085±28 Ma for the 
least-radiogenic leads. These dates compare fa
vorably with the best value for the age of initial 
crystallization of the pegmatite: the U-Pb con
cordia intersection age of 1060�� Ma on euxen
ite. 

If the second stage ,...e38UF04Pb)of 9.74 in the 
Stacey & Kramer's (1975) two stage lead evolu
tion model is adjusted to 9.695, the feldspar lead 
line in Figure 8 becomes a single stage lead line. 
This small difference in !L indicates that the 
source of original lead in the Gloserheia pegma
tite is essentially the same as that for the con
formable lead deposits used to construct the 
model. Also, the initial ratio of 0.7023±0.0002 
�or the potassium feldspar isochron (Figure 4) is 
m the range for a 'mantle' igneous source of 
magma for the pegmatite. Remelted crustal ma
terial does not appear to contribute to the source 
of the Gloserheia pegmatite magma. 

The geochronological data on this post-tec
tonic pegmatite limit the last major metamor
phism in the area to > 1060 Ma. The pegmatite 
was derived from a mantle source. It may repre
sent either an early stage of the episode of crustal 
generation that culminated in the intrusion of 
abundant granites in the 1000-900 Ma period, or 
the last stage of a tectonothermal episode that 
waned -1200 Ma ago, in the Bamble Sector. 
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