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PREFACE 

This is the fourth annual progress report prepared for the 
National Science Foundation which has supported research on the 
geochronology and geochemistry of rocks from Antarctica in this 
l aboratory since 1967. The results reported here are preliminary 
in nature and should be quoted only after prior consultation with 
the undersigned. Copies of this report will be made available 
free of charge upon request . 

The Laboratory for Isotope Geology and Geochemistry has now 
issued six reports in this series, as listed below: 

Report No. 1. The geochronology of the Keweenawan rocks of Michigan 
and origin of the copper deposits. 1967, 4lp. 

Report No. 2. Strontium isotope composition and trace element con
centrations in Lake Huron and its principal tribu
taries . 1967, l09P. 

Report No . 3. Geochronology of the Transantarctic Mountains . 1968, 
79p. 

Report No. !~. The ~sotope composition of strontium of Lake Vanda 
and Lake Bonney in Southern Victoria Land, Antarctica. 
1969, 82p . 

Report No. 5. Studies in the geochronology and geochemistry of the 
Transantarctic Mountains . 1970, 18op. 

A few copies of these reports are still available upon request. 

I would like to take this opportunity to thank John F. Splettstoesser 
of the Institute of Pol ar Studies for his help with the administration 
of the grant and acknowledge the assistance of Chester E. Ball and 
Mrs. Ada G. Simon in the production of this report. 
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Gunter Faure 
January, 1972 



AGE AND ORIGIN OF THE HOPE AND IDA GRANITES , BEARDMORE 
GLACIER REGION, ANTARCTICA 

(Excerpts of a Ph .D. dissertatjon by John Gunner 
submitted to the Department of Geology in 1971) 

Introduction 

A study of the origin of the Hope and Ida Granites can contribute 
significantzy to answering four main questions about the Basement Com
plex of the Transantarctic Mountains: (l ) Why do these granites crop 
out in so extensive an area? (2) Why are the different plutons so simi 
l ar petrographically? (3) What is the relationship of the Hope and Ida 
Granites to the Ross Orogeny? (4) What light can a study of the origin 
of these granites throw on processes of granite formation in general ? 

Previous Work 

Most previous work on the Granite Harbour Intrusives in the Beard
more Glacier region has consisted of field mapping, petrographic descrip
tion and some K-Ar dating. Gunn and Walcott (1962, p . 417) noted the 
petrographic similari ty of the gr anites in the region. They suggested 
that the separate plutons were the 11surface expression of a single, 
large, subjacent batholith . 11 Grindley (1963 , p. 319) described simil ar 
rocks from plutons in the Queen Elizabeth and Miller Ranges . He 
reported that the intrusions vrere "complete:cy discordant and structure
less and post -date the f olding of the greywackes 11 (Goldie Formation) . 
He observed vreak lineation and well-developed jointing in Hope Granite 
in the Miller Range, and inferred the presence of "rather more stress 11 

at the time of intrusion in t his area . He also suggested that the 
country rocks in the Miller Range had been at "hi gher temperature'' at 
this time, as shown by "marginal assimilation, lit-par - lit injection 
effects, and extensive feldspathization and formation of sillimanite at 
contacts . '' Laird and others (in press) report the presence of a body 
biotite-bearing tonalite (quartz diorite) i ntruding Shackleton Lime
stone at the north-east corner of Bartrmn Plateau in the Queen Elizabeth 
Range (Figs . l and 2) . The presence of calcic augite near the marginal 
contact of this i ntrusion may indicate that its par ent magma 1vas more 
acidic but exchanged material -vrith the country r ock, which is largely 
marble. 

Ol iver (in press) described granite and granodiorite from the Com
monwealth and Separation Ranges (Figs . 1 and 2) . From his description, 
and from work in the same area by the author during 1969-70, these rocks 
can be included as Hope Granite . Oliver (in press) also reported the 
presence of quartz diorite in this area . He described an abundance of 
xenoliths in the rock "which appear to be predominantly of country rock 
metasediment." Small plugs of quartz diorite intruding folded metasedi
ments of the Goldie Formation have been mapped by the author at Hampton 
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Ridge and at the Garrard Glacier (Fi gs. 1 and 2) . These intrusions 
appear to be petrographically similar t o those described by Oliver, 
except for a smaller _abundance of xenol i ths. 

Samples of Hope Gr anite from a number of l ocalities in the Beard
more Gl acier region have been dated by the K-Ar method (McDougall and 
Grindley, 1965) . The l ocations of the samples dated a r e plotted in 
Figures 2 and 3 and the results are given in Tabl e 1. K-Ar dates on 
biotites from Hope Granite at Celebration Pass in the Commonweal th 
Range (two sampl es) and at Astro Gl acier in the Miller Range (one sam
pl e) agree closely at about 460 m.y. Muscovite from a pegmatite in 
Hope Granite at Snowshoe Pass (Fig . 3) and bioti te from Hope Gr anite 
at The Cloudmaker (Fig. 1) gave dates of 478 m.y . and 479 m.y . , respec
tively . The K-Ar data summarized above suggest that the Hope Granite 
intrusions studied were emplaced during the Ordovician period (Harland 
et al., 1964) and cool ed through the a rgon r etention temperatures of 
micas about 450 to 479 m.y. ago. This is consistent with the argon loss 
time pattern shmm by mica s f r om the Nimrod Group (McDougall and Grindley, 
1965) as mentioned above . 

Tabl e 1 : K-Ar Dates on Micas from Hope Gr anite in the 
Beardmore Glacier Region 

Sampl e Miner al 

GA 766b Biotite 

GA 767b Muscovite 

GA 519b Bi otite 

GA 520b Biotite 

741' Biotite 

*Radiogenic ar gon 

K (wt o/o) 

7.56 
7.58 

8.46 
8.45 

7.56 
7.56 

7-39 
7.42 

7.36 
7. 35 

aAir correction in per cent 

40Ar*j4oK Air 
corr.a 

0.0307 2.2 

0.0317 5.7 

0 .0307 2. 3 

0.0297 1.9 

0.0319 3. 3 

bData from McDougall and Gri ndley (1965 , p . 308) 

Date 
(m.y.) 

463 

478 

465 

450 

479 

' Thi s paper. Analyst R. J . Fleck, Ohio State University 
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Rock-type 
& locat ion 

Hope Granite 
Astro Glacier 

Pegmatite in 
Hope Granite 
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Hope Granite 
Cel ebration 
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Hope Granite 
Celebration 
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Hope Granite 
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Objectives 

The previous descriptive and K-Ar work on the Hope Gr anite contri
buted only indirectly to the sol ution of the four problems outlined pre
viously. It indicated that the Hope Granite i ntrusions throughout the 
region were petrographically s imilar and broadly contemporaneous. But 
it threw little light on genetic relationships between the different 
intrusions and the country rock. 

This study was therefore undertaken to test two major hypotheses: 
(l) Hope and Ida Granite intrusions in the Beardmore Glacier region 
have a common magmatic origin; and (2) Individual Hope Granite intru
sions were derived by melting of rocks similar to those which now sur
round them. 

Methods 

As a preliminary test, it was decided to study two plutons, 
intruded into country rocks of contrasting age and rock-type, to 
determine whether differences in initial magma composition and rela
tionships between magma and country were detectable. The intrusions 
chosen were the Mt. Hope pluton, located between the Beardmore and 
Lennox-King Glaciers (Fig. 2) and the Marti n Dome pluton, located in 
the Miller Range between the Argosy and Argo Glaciers (Fig . 3) . Both 
these intrusions consist of Hope Granite, but the Mt . Hope pluton 
intrudes the Goldie Formation, whereas the Martin Dome pluton intrudes 
the Nimrod Group, as described above. 

For this pilot study the Rb-Sr isochron technique was used, as 
described in Appendix B of Gunner (1971). A suite of whole-rock samples 
from each intrusion was analyzed by the Rb- Sr method and an isochron 
was pl otted for each suite. By this method it was possible to determine 
three parameters: the age of each intrusion, the degree of homogeneity 
of strontium isotopes in each intrusion at the time of crystallization, 
and the initial 87Sr/ 00sr ratio (Ri) of the magmas from which each 
intrusion crystallized. 

For this study the Rb-Sr isochron technique has significant advan
tages over non- i sotopic chemical methods. While it is well known that 
major and trace elements are fractionated by magmatic crystallization, 
there is no known geologic process which fractionates strontium isotopes. 
thus the val ue of Ri obtained for a sample of Hope Granite should be 
representative of the isotopic composition of strontium in the magma 
from which that sample crystallized. By contrast, a non- isotopic para
meter, such as the K/Rb concentrati on ratio of the same sample, would 
not be so simply related to the K/Rb ratio of the original magma . It 
would depend on the mineralogy of the sample, and hence on the degree 
of crystal fractionation which the magma had undergone. It would depend 
a lso on the distribution coefficients of trace elements between the 
liquid and solid phases, and these, in turn, are temperature-dependent . 
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After the pilot study produced significant results, the second 
phase of this part of the project was started. This consisted of two 
parts: (l) Rb-Sr analysis of samples from five other Hope Granite 
plutons in the Shackleton Coast ranges and from the Mt. Ida pluton (Fig. 
4); and (2) An attempt to obtain representative values of Ri for the 
Goldie Formation and the Nimrod Group. 

During the 1969-70 field season tbe author measured six strati
graphic sections i n the Goldie Formation and three in the Nimrod Group 
(locations, Fig. 2; descriptions, Appendix A of Gunner(l97l)). Samples 
of each lithologic unit recognized in these sections vrere collected . 
In order to obtain the best approximation to representative samples of 
the Goldie Formation and the Nimrod Group, composite samples of each of 
a number of selected stratigraphic sections were prepared, as described 
in Appendix A of Gunner ( 1971) . Only fresh samples free of quartz and 
calcite veins were taken. For each section the samples were ground to 
pass through a 120 mesh screen and homogenized. The powders vrere then 
mixed together in weight proportion to the thickness of the units which 
they represented. The composite thus obtained was homogenized. In 
sections A and D the botundaries of many lithologic units were obscured 
by snow or scree cover . The samples from these sections were grouped 
by rock-type, for example arenite and argillite. Arenite and argillite 
composites were then prepared by mixing all the samples of each type in 
equal weight proportion. These arenite and argillite composites were 
then mixed in proportion to the estimated thickness of arenite and 
argillite in the section, to form the combined composite. Composites 
are identified by the l etter of the stratigraphic section followed by 
a hyphen and a number (e.g. C-1). Details of preparation and numbering 
of composites are given in Appendix A of Gunner (1971). 

In addition to the Rb-Sr work, chemical analyses of major elements 
in selected samples were perfo1:med by Andrew McCreath and Sons Inc., 
Harrisburg, Pennsylvania. Whole-rock samples from the Mt. Hope, Mt. Ida 
and Martin Dome plutons were analyzed in order to make compositional 
comparisons between them and to obtain information on the crystalliza
tion histories of the magmas involved. Selected composites of the 
Nimrod Group ~d the Goldie Formation were analyzed to determine 
whether such rocks could be melted to form the magmas from which the 
plutons crystallized. 

Rb -Sr Analyses 

Hope and Ida Granites 

The Rb-Sr analytical results on Hope and Ida Granite samples are 
presented in Table 2 . The data are plotted in Figure 4. It is evident 
from Figure 4 that the Hope and Ida Granite samples define two isochrons 
(A and B). All the samples (Group A) from the Martin Dome pluton plot 
close to Isochron A; all the samples (Group B) from the remaining six 
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Table 2: Rb-Sr Analyses, Whole-rock Samples, Hope and Ida Granites 

Sampl e Unit 87Sr/83Sr'• B7pbj86 srb Location 

52 Hope 0.7594 3.456 Strawberry Cirque 

54' Hope 0.9170 28 .37 Strawberry Cirque 
0.9254 

72 Hope 0.7769 6.475 Hockey Cirque 
0.7799 

81 Hope 0 .7452 3.065 Kreiling Mesa 
0.7465 

292 Hope 0. 7518 2.530 Macdonald Bluffs 

297 Hope 0.7401 1.178 Macdonald Bluffs 

314 Hope 0.7486 2.769 Kreiling Mesa 

315 Hope 0.7509 2 .694 Dike Cirque 

576 Ida 0.8165 16.41 Granite Pillars 
0.8183 

593 Hope 0.7257 2.097 Mt . Hope 

605 Hope 0.7280 2.816 Yeates Bluff 

630 Hope 0.7210 1.966 Threshold Nunatak 

647 Hope 0.7405 4.450 Mt . Harcourt 

654 Hope 0.7292 2.784 Cleft Peak 

672 Hope 0.7219 1.775 Beetle Spur 

707 Hope 1.160 69 .39 Wise Bay 
1.148 

719 Ida 0.8337 18.85 King Gl acier 
0.8295 
0.8172 

738 Hope 0.7715 9.645 Sirohi Point 
0.7664 

741 Hope 0.7237 2.248 The Cloudmaker 

aFractionation corrected assuming 86Sr/8 8 Sr ~ O.ll94 
bBy x- ray fluorescence 
'Pegmatite dike 
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plutons (Fig. 2) plot close to Isochron B. The two Isochrons have simi
l ar slopes but significantly different values of Ri· 

Seven samples from Group A define an isochron date of 486 ± 23 m.y. 
with Ri of 0.734 ± 0.001 . Eleven samples from Group B define an 
isochron date of 463 ± 7 m.y. with Ri of 0 . 710 ± 0 .001. Both isochrons 
were computed by least squares regression analysis (York, 1966; described 
in Appendix B of Gunner (1971). 

In computing Isochron A the analysis of sample 81 was omitted. 
This sample has a cataclastic texture, visible in thin section, which 
suggests that recrystallization of quartz, feldspar and biotite occurred 
after the sample first crystallized. Loss of radiogenic Sr 87 during 
such an event would move the position of the sampl e on the isochron dia
gram and could explain why it is not colinear with the other points. 

The Rb-Sr results suggest three i nferences: (l ) the samples in 
Groups A and B became closed to migration of Rb and Sr about 475 m.y. 
ago; (2) the strontium in each Group was isotopically homogeneous at 
this time; (3) the magmas from which the samples in Groups A and B 
crystallized had distinct strontium isotopic compositions at their time 
of crystallization; the 87 sr/86sr ratios were 0 .734 (Group A) and 0.710 
(Group B). 

The difference between the dates determined from isochrons A and B 
is not statistically significant, since it is smaller than the sum of 
the standard deviations of the dates. What is significant is the strik
ing contrast bet-vreen the initial 87srje!3sr ratios of the two Groups of 
samples, as discussed in the following section . 

Nimrod Group and Goldie Formation 

Results 

Rb -Sr analyses of 13 whole-rock composites from the Nimrod Group 
and Goldie Formation are l isted i n Table 3. These data are plotted in 
Figure 5, together with Isochrons A and B. The point labelled N-l is 
an estimate of the initial 87Sr/86 sr ratio which 17 previously analyzed 
metasedimentary samples of the Nimrod Group would have had 475 m.y. ago . 
This was calculated by averaging the values of this ratio for the 17 
samples, weighing each in proportion to the strontium content of the 
sample, as determined by XRF. None of these samples show arry petro
gr aphic evidence of a molten history. Details of composite N-1 are 
given in Appendix A of Gunner (1971). 

The composites of the Nimrod Group and the Goldie Formation form 
markedly different patterns in Figure 5. The Goldie samples show a 
strong correlation between B7srj86sr and s7Rb/86Sr rat ios and plot in 
a narrow band whiCh trends approximately parallel to Isochrons A and B. 
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Table 3: Rb-Sr Analyses, Composite Samples, Nimrod Group 
and Goldie Formation 

Sample Unit 

A-l 

C-l 

C-l' 

D-l 

D-2 

D-3 

D-4 

D- 5 

D-6 

D-7 

G-10 

G-20 

G-30 

H-l 

Goldie 

Goldie 

Goldie 

Nimrod 

Nimrod 

Nimrod 

Nimrod 

Nimrod 

Nimrod 

Nimrod 

Goldie 

Goldie 

Goldie 

Goldie 

s7srjOO sra 

0.7473 

0.7195 

0. 7148 

0.7122 
0. 7100 

0. 7068 
0.7063 

0.7333 

0.7492 

0.7098 

0.7165 

0.7106 

0.7258 

0.7204 

0.7539 

0.7656 

s7Rb/oo srb 

4.176 

1.021 

0.1969 

o.od 

1.423 

1.005 

0.2309 

0.4855 

0.1206 

1.706 

l.Ol8 

5.743 

7.262 

Location 

Hampton Ridge 

Masquerade Ridge 

Masquerade Ridge 

Aurora Heights 

Aurora Heights 

Aurora Heights 

Aurora Heights 

Aurora Heights 

Aurora Heights 

Aurora Heights 

Vertigo Bl uff 

Vertigo Bluff 

Vertigo Bluff 

Lands End Nuna tak 

aFractionation corrected assuming 86Sr/8 Bsr = 0.1194 
bBy x-ray fluorescence 
'Acid leach: analysis of soluble material 
dRb not detectable 
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By contrast, the Nimrod samples show no significant correlation between 
the two ratios. The 87Sr/86sr ratios which each sample would have had 
475 m.y. ago can be constructed on the diagram. It is given by the 
intercept on the ordinate of a line drawn through the sample points with 
a slope of about 0.0066, which is the average of the slopes of Isochrons 
A and B. Computed by this method, the 475 m.y . initial 87Sr/86Sr ratios 
(R475) of the six Goldie composites range from 0 .712 to 0.720, and those 
of the eight Nimrod composites range from 0.707 to 0 .742. This greater 
spread of R475 in the case of the Nimrod Group is probably a reflection 
of the more varied lithologies of this unit and the consequent greater 
difficulty of obtaining a representative composite. Each of samples 
D-2 through D-7 is a composite prepared from a separate rock-type within 
Section D, as described in Appendix A of Gunner (1971) . Sample D-1 is 
the combined composite which was prepared by combining samples D-2 
through D- 6 in proportion to the thickness in Section D of the units 
which they represent. 

Discussion 

It has been shown that there is a significant contract in Ri 
between the Hope Granites in Areas A and B. The question now is whether 
this contrast would be reflected in the isotopic compositions of the 
strontium which would enter the magmas if the metasedimentary rocks in 
Areas A and B were partially melted. 

The stratigraphic and geochronological evidence discussed in Chap
ters III and IV of Gunner (l97l) indicates that the Nimrod Group is 
significantly older than the Goldie Formation. Since rocks with a more 
prolonged crustal history should contain more radiogenic 8 7 Sr, it should 
be expected that the Nimrod Group would have higher average 87Sr/86sr 
ratios than the Goldie Formation. It may be significant to this discus
sion that the Goldie composites, A-1, C-1, G-10, G-20, G- 30 and H-l, 
form a nearly linear array in Figure 5. A Rb-Sr isochron has been fit
ted to these points by the method of York (1966). It gives a date of 
538 ± 28 (cr) m.y . and an initial 87sr/86 sr ratio of 0.7l3 ± 0.002 (cr) . 
The Goldie Formation is overlain unconformably by the Cambrian Byrd 
Group, which must be at least 550 m.y. old . The 538 m.y . date cannot 
therefore be the age of sedimentation of the Goldie Formation. It 
probably represents a time of partial isotopic homogenization of the 
Formation, although it is difficult to expl ain how rocks so widely sepa
rated geographically could be homogenized in this way. In the absence 
of oore stratigraphic and structural data, one can only speculate that 
the event occurred during the early phases of the Ross Orogeny. If the 
Goldie Formation had a nearly homogeneous 87Srj86sr ratio of 0.713 
about 538 m.y . ago, there is little probability that it contained sig· 
nificant quantities of material with 87Sr/86sr ratios of the order of 
0.734 less than 100 m.y. l ater. 
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The narrm-r range of R475 values which the Goldie composites show 
suggests that the strontium in the Goldie Formation, as repr esented by 
the stratigraphic sections A, C, G and H, was isotopically rel ati vely 
homogeneous at this time and had average 87Sr/86Sr ratios in the range 
0.712 to 0.720. 

The Nimrod Group shovrs no such isotopic homogeneity. The two com
bined composites, D- l and N-l, which were prepared from samples col
lected at different stratigraphic and geographic locations, have markedly 
different values of R475 . This suggests that the Nimrod Group was spa
tially, as well as lithologically, heterogeneous in strontium isotopic 
composition 475 m.y. ago. It is therefore not possible to infer what 
the 87 Sr jBBsr ratio of a partial melt of the Nimrod Group at this time 
would have been. 

Nevertheless, the Nimrod Group contains a significant quantity of 
material which had 87s rjB:• sr r atios comparable to that in the magma 
represented by isochron A at its time of crystallization . There ar e not 
sufficient data to justify speculation as to the most probable strontium 
isotopic composition of a partial melt of any specific part of the Nimrod 
Group. However, it may be significant that a major part of the strontium 
in the combined composite D- l was contributed by sample D-2, whiCh is a 
composite of two marble samples. Such rocks would be among the most 
refractory under conditions of anatexis, and it is debatable whether much 
of their strontium would enter any but the most complete melts. A reduc
tion in the contribution of strontium from sample D-2 would s i gnifi cantly 
increase the 8 7 Sr/86sr ratio of the combined composite of Section D. 

In contrast to the Nimrod Group, none of the six composites of the 
Gol die Formation had a 87 Sr j86sr ratio comparable to that of the Martin 
Dome pluton at its time of crystallization. There is no evidence that 
melting of rocks of the Goldie Formation alone could have produced a 
magma with a 87 Sr/86Sr ratio of 0.734. On the other hand, samples C-1 
and G- 20 both plot close to isochron B, and it seems likely that rocks 
in Sections C and G had 87Sr/86 Sr ratios less than 0.710, 463 m.y. ago 
( isochron B). The strontium isotopic composition of the magma repre
sented by isochron B is therefore quite compatible with an origin of 
t his magma by partial melting of rocks of the Goldie Formation, as 
represented in Sections A, C, G and H. 

Major Element Chemical Analyses 

Results 

Chemical analyses and norms of whole-rock singl e and composite 
samples from the Martin Dome and Shackleton Coast plutons are presented 
in Table 4 . Samples MD- 1 and GC-l are composites of sel ected sampl es 
from the Martin Dome and Shackleton Coast pl utons, respectively. Only 
petrographically normal Hope Granite samples which fit Isochrons A orB 
were used in preparing these composites, as described in Appendix A. 
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Table 4 : Chemical Analyses and Norms: (1) Whole- rock Sampl es , Hope and I da Granites 

Chemical Analyses cnw Norms 

Sampl e •295 •MD-1 b593 bsc-1 '575 d637 Sampl e 295 MD-1 593 SC-1 575 637 

Si02 69.39 67.81 63.20 • 67 . 54 73 .65 74.11 Quartz 29 .02 28 .06 21.73 23.73 36 . 41 42.35 

Ti 02 0.79 0.46 0.79 0 .45 0.25 0.32 Or thoclase 19. 53 24 .39 25.14 29.16 30.17 22.23 

~03 15 . 91 15 .56 16.66 15.34 14.00 13 .83 Albite 21 .74 23 .17 24.43 25.29 24.26 23.59 

F~03 0 .66 1.29 2.14 0.90 0 .70 0.14 Anorthite 16 .61 14.40 15.24 11.89 3 .30 4.15 

FeO 4.17 2.64 3.37 2 .93 o.Bo 1. 39 Diopside 0.0 0.0 0.0 0.0 0.0 0.0 

MnO 0.05 0.05 o.o6 o.o6 0 .03 0.04 Hypersthene 8.50 5. 38 5. 93 6.48 1.05 2 . 49 

MgO l. ll 0.88 1.04 0.96 0.20 0.18 Magnetite 0 . 94 1.90 3.17 1.32 1.03 0.21 

CaO 3 .69 3 .02 3. 44 2.55 0.98 1.01 Ilmenite 1.47 0.89 1.53 0 .87 0 . 48 0.62 
1--' 
V1 N~O 2.62 2.70 22.83 2 .95 2 .83 2 .72 Apatite 0.43 0. 28 0.47 0.33 0.23 0 .14 

~0 3.37 4.07 4.17 4 .87 5.04 3 .67 Cal cite 0.04 - 0 .30 - 0.35 0 .21 

H2 o+ 1.01 0.99 1.02 1.00 0 .69 0 .74 Corund\DD 1.71 1.53 2.c6 0 .93 2 .73 4.00 

H2o- 0.12 0 .10 0.14 0 .11 o.o6 0.09 Total 100.00 100.00 100.00 100 .00 100.00 100 .00 

P20s 0.19 0 .12 0.20 0.14 0.10 o . o6 Opx(En 'fo 2 .71 2 .22 2 .64 2 .42 0 . 50 0.46 
(Ps 'fo 5.79 3 .16 3 .29 4.o6 0.54 2 .03 

C02 0.02 n.d. • 0.13 n .d: 0.15 0.09 Norm Plaq. 
'(.An 43. 3 38 .3 38 .4 32.0 12.0 15.0 

Total 103.10 99.69 99 .19 99.80 99.48 98.39 

•Hope Granite, Mar tin Dome 
bHope Grani te, Shackleton Coast 
' I da Granit e apl ite dike, Granite Pillars 
dida Granite plutonic sampl e, Gr ani te Pillars 
0 No data 



The analyses of the two groups of Hop Granite samples do not differ 
signi ficantly for any element, which indicates that their parent magmas 
were chemically similar, at least with respect to the major elements. 
However, there is a significant chemi cal contrast between Hope Granite 
samples (295, 593, MD-1, SC-1) and Ida Gr anite samples (575, 637). The 
Ida Granite samples are significantly richer in silica and poorer in 
lime, magnesia and total iron, differences which are consistent with 
the more felsic appearance of the Ida Granite . The s i gnificance of the 
chemical contrasts i s discussed in detail in the next paper in this 
report. 

The contrasts in l ime, magnesia and iron content between the Hope 
and Ida Granite samples are refl ected in marked differences in normative 
anorthite and hypersthene contents. The normative anorthite concentr a
tions of the Hope Granite samples and the composites are between ll.9 and 
16 .6 percent, whereas those of the Ida Granite samples ar e 3 . 3 and 4.2 
percent. Of the six samples analyzed, only the Ida Granite samples have 
total normative quartz + orthocl a se + albite contents greater than 80 
percent. 

The normative concentrations of quartz , albite and orthoclase com
puted for samples 295, 575, 593, 637, MD-l and SC-l have been recalcu
lated to 100 percent and plotted on a triangular SiO~-AB-oR diagram in 
Figure 6 . Samples 295, 593, MD-l and SC-l contain s i gnificant amounts 
of normative anorthite. This shifts their effective positions on the 
Si02 -AB-OR diagram by small distances away from the albite corner 
(Fig . 6) . All six samples pl ot near the center of the diagram in a 
near linear array, which lies within the area in which the 571 granitic 
plutonic rocks plotted by Tuttle and Bowen (1958, Fig . 42) are concen
trated . The cotectic curves determined by Tuttle and Bowen (1958, 
P · 75) for the system Si02 -NaAlSi308 -KAlSi308 -H2 0 at 500 and 4ooo bars 
water vapor pressure are also pl otted on the diagram. Reference to 
Figures 22 and 25 of Tuttle and Bowen (1958) shows that samples 575, 
295 and MD- l plot near the thermal minimum in the system at a water 
pressure of about 500 bars. Samples 593 and SC-l plot near the cotectic 
curve on the orthoclase side of the ternary eutectic at about 4000 bars 
water pressure. All six samples lie near a l ine which is approximately 
at right-angles t o the isotherms in the system . 

Since normative anorthite is also significant, especially in the 
Hope Granite samples, the normative anorthite, albite and orthoclase 
contents of the same six samples, recalculated to 100 percent are pl ot
ted on a triangular AN-AB-OR diagram in Figure 7. The sampl es again 
form a near linear array, vrhich lies in the plagioclase field approxi
mate~ at right-angles to the isotherms in the system C~Si208-
NaAlS130e-H20 (Yoder et al., 1957). The influence of increased norma
tive anorthite is shown in the location of sample 295 at a greater dis
t ance from the 500 bar cotectic than in the Si02 -AB-oR system (Fig . 6) . 
The bearing of these diagrams on the magmatic development of the Hope 
and Ida Granites is discussed in t he next paper in this report. 
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Fi gure 6. Normative Quar tz , Albite a nd Or thoclase Analyses. Whole
Rock Sampl es of Hope and Ida Grani tes and Metasedi mentary 
Composite Samples of Nimrod Group and Gol die Formation. 
Cotecti c Curves at 500 and 4000 bars Water Vapor Pressure 
from Tuttle and Bowen (1958) . Symbols as in Figure 6, 
p . 47 . 

17 



E 

AN 

C-1 '\ 
C-l"i'-.. •295 

• o~l'\_ / 593 
D-1~ v q, 

/ 
MO-l + SC-I 

637 • 

~ 
0oO COTECTIC CURVE 

/c:> pH20 = 5000 BARS 
/ (YODER et Q.], 1956) 

Fi gure 7. Normative Anor thite, Al bite and Orthocl ase Analyses. Whol e
Rock Samples of Hope and Ida Gr ani te and Metasedimentary 
Composi te Samples of Nimrod Gr oup and Goldie Formation. 
Cotectic CUrve at 5000 bars Water Vapor Pressure f r om Yoder 
et al. (1957) . Symbols as in Fi gure 6 of the next paper i n 
thi s report . 
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Chemical analyses and norms of two composites of the Goldie Forma
tion (C-l and H-l) and of one composite of the Nimrod Gr oup (D-l) are 
given in Table 5 . In order to cons i der the silicate chemistry of sam
ples C-l and D-l, which contain s i gnif icant concentrations of carbonate, 
their analyses have been recalculated to lOO percent, after elimination 
of carbon dioxide (C02 ) and its equivalent in lime and magnesia . For 
sample D-l, the C02 was arbitrarily assumed to b e combined entirely in 
calcite, and for sampl e C-l it vTas assumed to be combined 1·Tith equal 
molecular proportions of CaO and MgO . The r ecalculated C02 - free analy
ses, denoted C-l~ and D-l* are also listed in Table 5. 

The normative contents of quartz, a lbite and anorthite and of anor
thite, a lbite and orthocl ase in samples C-l, C-l-l<-, D-l, D-l* and H-l 
have also been recalculated t o lOO percent and pl otted in Figures 6 and 
7. In the SiO~ -AB-OR diagram (Fig . 6) sampl es C-l, C-l*, D-l and D-l* 
lie within t he field of quartz at any 1.-1ater pressure above 500 bars. 
Sampl e H-l plots vlithin t he feldspar field at 500 bars and would plot 
within the quartz f ield at a sl ightly h i gher pressure. In the AN-AB-OR 
diagram all the samples plot in the two- feldspar fiel d. 

Discussion 

The question at t his stage is whether the Nimrod Group and the 
Goldie Formation, a s represented by the composite sampl es D-l, and C-l 
and H-l respectively, could be melt ed in bulk to form l iqui ds which 
would crystallize samples of the Hope and Ida Granites such as 295 , 593, 
MD-l, SC-l, 575 and 637. The discuss i on which follows is limited by 
the simplified nature of the phase systems consider ed and by the number 
of unknown factors , such as water vapor pr essure at the supposed site 
of melting. 

On the AN- SB-0R diagram samples C-l and D- l plot close together and 
near t o sample 295, which is the most calcic of t he intrusive samples 
analyzed. The errors involved i n the process of compositing imply that 
the locations of these three points are not significantly different. 
Thus, if samples C-l and D-l were totally mel t ed a magma with anorthite, 
albite and orthoclase component s s imilar to those of sample 295 would 
be formed . Fractional cryst allizat i on of such a magma could form a 
suite of r ocks with a pattern simil ar to that shmm by the six intrusive 
samples in Figure 7 , as di scussed in the next paper of this report . If 
samples C- l and D-l were partially melted in the AN-AB-OR system the 
phas~ diagram of Yoder and others (1957) vTould predi ct an i nitial liquid 
of composition between E and sample 575 , dpending on the AB/AN r atio. 
Continued melting of the samples would cause t he liquid composition to 
move up the cotectic curve towards C while plagioclase and K- feldspar 
melted and the plagioclase became progressively more calcic, the reverse 
of the crystallization sequence discussed by Turner and Verhoogen (1960, 
pp . ll4-ll5) . If equilibrium melting continued, K-feldspar would be 
completely melted when the liquid reached some point nearly mid-vray 
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Table 5: Chemical analyses and norms : (2) Compos i te samples of the Nimrod Gr oup and the 
Goldie Formation 

Chemical Analyses CI PW Nonns 

Sampl e C-1 C-1* H-1 D- 1 D-- 1* Sampl e C-1* H-1 D-1 D-1 

Si02 60.98 70.70 60.90 51.55 67.82 Quar tz 34. 31 27 .31 21.88 28 .05 

Ti02 0 .62 0 .72 0.83 0 .65 0.86 Orthoclase 16 .48 26 .62 13. 92 17 .91 

Al2 03 12 .23 14.18 16 .87 11.05 14.53 Albi te 24 . 20 l0 .4o 17.42 22 .43 

Fe2 03 1.07 1.24 1.04 0.46 0 .60 Anorthite 15 . 54 4 .70 9. 91 12 .76 

FeO 3.32 3.85 5.58 3.60 4.74 Diopside 0 .0 0.0 0.0 0.0 
1'\) 

MnO 0.07 0.08 0.08 0.09 0 .12 Hypersthene 5.13 17.36 10.73 13.79 0 

MgO 2 .60 0 .05 3. 47 2 .07 2.72 Magneti te 1.80 1. 56 0.68 0.87 

CaO 6 . 38 3.37 1.79 14.24 2 .77 Ilmenite 1.37 1.63 1.26 1.63 

N8.:20 2 .47 2.86 1.19 2 .01 2.65 Apatite 0.42 0.43 0.28 0 .35 

~0 2 . 41 2 .79 4 .36 2.30 3.03 Calcite 0 .0 1.17 22 .17 o.o 

H2 o+ 2 .12 0.0 2 . 56 1.16 0.0 Corundtnn 0 .76 8 .81 1.75 2 . 21 

H2 0- 0 .09 0 .0 0 .18 0.11 0 .0 

P20s 0.16 0.18 0 .18 0.12 0 .15 Total 100.00 100 .00 100.00 100.00 

C02 5 . 58 0.0 0.50 9.52 0.0 
OPX En% 0.12 8.93 5. 28 6 . 77 

Total 100.10 100.02 99.53 98.93 99.99 Fs % 5.00 8.44 5. 45 7.01 

Norm. plag. 39 .1 31.1 36.3 36 .3 
%An 



between C and E. ":L'he liquid would then leave the cotectic and vrould 
follo1v a curved path, concave towards anorthite, to the location of C-1 
and D-1, by vrhich time all t he :plagioclase lofould have melted. 

Sampl e H-1 (Goldie formation) is richer in normative orthoclase 
than a re sa.nrples C-1 and D~l. It plots nearer the cotectic curve for 
the AN-AB-OR system at 4000 bars water ~ressure and at some distance 
from the trend of t he remaining samples . This sample was composi ted 
from an outc:co1) of Goldie Formation rocks which are closer to the out
crop of a Hope Granite stock and aTe more highly metamorphosed than 
those com:positec1 in sample C-l. For this reason it may contain meta
somatic mate:>.' ial. A metasomatic increase in ~otassium at the expense 
of sodium, as has been suggested for granite contact zones by Orville 
(1962), could cause sample H-1 to change in composition towards the 
orthoclase corner of the AN-AB-OR triangle from a composition closer to 
that of samples C-l and D-1. However, if sampl e H- 1 is representative 
of the Gol die Formation at t he location o:f Section H (Lands End Nunatak), 
fractional melting of such rocks at 5000 bars water pressure could pro
duce an initial l iquid of nonnative feldspar composition between E and 
sample 575 (Fig. 7). Continued melting under equilibrium conditions 
would ca use the liquid to f ollovr the cotectic curve to a composition 
slightly more orthoclase-rich than H-1. By this time the sample would 
be completely liquid, exCE!pt for a sma.ll quantity of ~lagioclase, which 
would melt l.vhen the l iquid moved from the cotectic to the position of 
H-1. At about the hal fWay point betlofeen E and H-1, the liquid would 
have a compo::;ition similar to that of the Ida Granite, as represented 
by samples 575 and 637 . Thus, par tial melting of rocks with the norma
tive feldspar composition of sample H-1 could produce a magma which 
1vould form rocks of Ida G:ranite composition. 

On the Si02 -AB-OR diagram (Fig. 6) samples C-1, C-1-* , D-1 a nd D-1* 
also plot in a small area vrhich is close to the location of sampl es 637 
and 295. Thus, tote.l meJ.ting of samples C-·1 and D-1 or of their C02 -

free equivalents would form a magma with silica, albite and anorthite 
component~ similar to those of samples 295 and 637. The first crystals 
formed from such a magma in the Si02 -AB-OR system would be quartz. 
However the stage at which feldspar would start to crystallize would be 
strongly affected by the water vapor pressure. At 500 bars water pres
sure, formation of alkali feldspar would begin after very little quartz 
crystallization. 'fhe liquid would then follow the cotectic curve FQ to 
R (Fig. 6), where the remaining liquid would crystallize eutectically . 
At a water pressure of 4000 bars or over, more extensive crystallization 
of quartz would occur before the magma reached the cotectic Af., at a 
point between Z a nd sample 593. Simultaneous crystallization of K
feldspar would ensue while the liquid moved the short distance to the 
ternary eutectic Z. A parent magma of composition similar to samples 
C-1 and D-1 is not consistent with the l ack of quartz phenocrysts in 
in the Hope and Ida Granite outcrops and with the evidence discussed in 
the next paper of this report which strongly suggests that the Ida 
Granite is a magmatic differentiate of the Hope Granite. 
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Partial melting of samples C-1 and D- 1 at 500 and 40oo bars water 
pressure would produce initial liquids of compositions R and z, respec
tive]¥. Subsequent equilibrium melting would cause the liquids to fol
low the reverse paths to those for crystallization. Thus the same rock 
composition would form a liquid similar to samples 295, 575 and MD-1 in 
silica content if partially melted at 500 bars water pressure, and 
another liquid similar to samples 593 and SC-1 if partially melted at 
4000 bars water pressure . A liquid similar to samples 295, 575 and MD-1 
could also be produced by nearly total melting of samples C-1 and D-1 
at 4ooo bars water pressure. These relationships are summarized in 
Table 6 . 

Table 6: Melting Relationships in the Si02 -AB-oR-H2 0 System: 
Samples C-1, D-1 and H-1 

Sample % 20 Compositi on of liquida 

(bar) Total Considerable Moderate First 
melting melting melting melt 

C-1 500 C-1 or us" "R" IIRII 
D-1 Q40AB35°R25 Q4oAB30° R30 

and 

D-1 4000 C- 1 or "S" uwu "zu 
D-1 Q AB OR 

30 40 30 
Q AB OR 

30 45 25 
-------------------------------------------------------------
500 H-1 H-1 IIR" "R" 

Q AB OR 
42 17 41 

H-1 
4000 H-1 ~~v .. 593 uz" 

Q39AB 19°R48 Q AB OR 
30 35 35 

asee Figure 6 

Partial melting of sample H-1 would also produce initial liquids 
of compositions R and z, respective]¥. However, continued isobaric 
equilibrium melting would cause the liquids to follow different paths 
from those described previously. At 500 bars water pressure the liquid 
would move along the cotectic curve PQ from R towards H-1, with simul
taneous melting of quartz and feldspar. At 4000 bars the liquid would 
move along the cotectic XY to V, where the feldspar would be exhausted, 
and continued melting of quartz would cause the liquid to move along the 
line V-Si02 to H-1. These relationships are summarized in Table 6 . 
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The previous discussion has assumed that melting and crystalliza
tion wer e isobaric . If, however, a magma generated at Z (Fi g. 6) by 
partial melting at 4000 bars vrater pressure were subjected to a pres
sure reduction, as might be caused by intrusion to a higher crustal 
level, its crystallization behavior "Yrould be greatzy changed. A magma 
of composition Z ~t 500 uars water pressure would crystallize alkali 
feldspa:r and would follow a curved path, away from the feldspar boundary 
(Fig. 6). Such a path could produce liquids compositionally somevrhat 
similar to snmples 593 and SC~l. 

Sunnnary 

The foJ~O'i·ri.ng :paragraphs summarize the vrays in which liquids with 
t he composition.<. of samples 295, 575, 593, 637, .MD-1 and SC-l can be 
produced by melting samples C-1, D-l and H-l in the AN-AB-OR and 
Si02 - AB-OR systems. An attempt is made to determine i'lhich of the pos
sible <:!.lternatives fits the chemistry and mineralogy of the Hope and 
Ida Granites best. 

Martin Dome Pluton 

A liquid compositionally similar to the Hope Granite samples from 
Martin Dome (295 and MD-l) can be produced directzy by melting samples 
C-l or D-l at 500 bars uater pressure. In the Si02 -AB-QR system a con
siderable amotunt of melting will have relatively little effect on the 
composition of this melt . Hovrever, to obtain a sufficiently calcic 
mel t, a l arge oJnount of melting is necessary (Al\T-AB-OR diagram, Fig . 7). 

A liqu"!..d with the normat.i.ve aLl{ali feldspar content of samples 
295 and MD-·J_ can also be produced by l imited partial melting of sample 
H-l. How·ever, the hig':.'l normative anorthite content of the Martin Dome 
samples is incompatible wi th this model. 

A third method of obts.ining a magma with the Si02 -AB-OR normative 
composition of the Martin Dome samples is by limited partial melting of 
samples C~l, D-l or H-l at a htgher water vapor pressure, follow·ed by 
fractional crys·~aJ~ization. But such a model "Yrould not produce rocks 
with high enough calcium contents, even at water pressures of 5000 bars. 

Shackleton .Coast Plutons 

Magmas with the compositions of the Mt. Hope pluton and of the 
other Hope Granite plutons in the Shackleton Coast ranges (sampl es 593 
and SC-l) can not be produced directly by melting samples C-1, D-l or 
H-l at water vapor pressures l ess than L~oo bars. At pressures of this 
order a moderate amount of melting would give liquids with quartz com
positions similar to those of samples 593 and SC-1, but samples C-l and 
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D-1 would not provide sufficient potassium. A considerable degree of 
melting of samples C-1 or D-1 would be necessary to provide the calcium 
in sample SC-1, and near total melting would be necessary for sample 
593 (Fig. 7). No amount of melting of sample H-1 alone could give a 
l iquid with the calcium contents of samples SC-1 and 593. 

Ida Granite 

A magma with the composition of sample 575 (Ida Granite) could be 
obtained from samples C-1, D-1 or H-1 in two ways: (1) by partial melt
at 500 bars water pressure, or (2) by fractional crystallization at 
this pressure of a less siliceous and more calcic melt generated by 
partial melting at higher water pressures. This second alternative is 
more consistent with the geochemical and mineralogical evidence quoted 
in the next paper in this report, which indicates that the Ida Granite 
was derived by fractional crystallization of a more calcic, less sili
ceous Hope Granite magma. The anomalously high silica content of the 
Ida Granite sample 637 (Fig. 6) is difficult to explain in terms of the 
Si02 -AB-OR system. Such a composition would crystallize at a very con
siderable temperature, even at waterpressures as low as 500 bars, whereas 
all the other evidence indicates that the Ida Granite crystallized from 
a hif5hl¥ differentiated residual magma. The most probable explanations 
are analytical error, or contamination by silica-rich material. 

Water Vapor Pressure at the Sites of Melting 

The suggested contrast in water pressure at the sites of melting 
in Areas A and B (Fig. 2) may be due to a difference either in depth of 
magma generation or in amount of water available. The second alterna
tive is consistent vrith the contrast in water contents between the 
Nimrod Group and the Goldie Formation, as represented by samples D-1, 
and C-1 and H-1, respectively . The concentrations of combined water in 
these sampl es a re: -- D-1: 1.16%; C-1: 2.12%; H-1: 2 .56% (Table 5). 
Although the data are limited, this contrast would fit a structural 
model in which the Goldie Formation comprises the relatively wet and 
recently deposited sediments of the Ross Geosyncline, and the Nimrod 
Group forms part of the older, drier craton on the Fblar Plateau side. 

Conclusions 

The isotopic and chemical data presented in this report suggest 
seven conclusions: 

( 1) The Hope and Ida Granites sampled in Area B (Shackleton 
Coast) were comagmatic. 

( 2) The magmas from which the plutons in Areas A (Miller 
Range) and B were derived crystallized at about the 
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same time (475 m.y. ago) but had significantly different 
ff1 Sr / 813 Sr ratios. 

(3) These differences in 87Sr/00Sr ratios are consistent with 
the interpretation that the strontium in the magmas was 
largely derived from rocks similar to those which now sur
round the plutons. 

(4) Derivation of these magmas in Areas A and B by partial 
melting of rocks of the Nimrod Group and the Goldie Forma
tion, as represented by composites D-l and C-l, respec
tively, is compatible with the known phase relations in 
the Si02 -AB-0R-H2 0 and. P.N-AB-OR-H2 0 systems. 

(5) The chemical data suggest that the magma in Area A could 
have been generated by nearly total melting of material 
chemically similar to the Nimrod Group (composite D-l) 
under relatively dry conditions (of the order of 500 bars 
water vapor pressure). 

( 6) The parent magma of the Hope and Ida Granites in Area B 
could have been generated by a moderate degree of melting 
of material chemically similar to the Goldie Formation 
(composite C-l) under rel atively high water vapor pres
sures (4000 bars or more). More potassic material, such 
as sample H-l, could also have contributed to the melt . 

(7) The suggestion that the Nimrod Group was melted under 
drier conditions than the Goldie Formation is entirely 
compatible with the available data on '~ter contents of 
saffiples from the two units. It is consistent with a 
model in which the Goldie Formation composed the rela
tively wet sediments of the Ross Geosyncline while the 
Nimrod Group formed part of an older, drier cratonic area. 
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MAGMATIC DEVELO::EMENT OF THE HOPE AND IDA GRANITES, 
BEARDMORE GLACIER REGION, ANTARC'riCA 

(Excerpt of a Ph.D . dissertation by John Gunner 
submitted to the De~artment of Geology in 1971) 

Introduction 

As a second part of the study of t he Hope and Ida Granites , an 
attempt 1vas made t o invest i gate the evolution of their parent magmas 
after their generation. This study was designed to answer two main 
questions: (1) t o what extent does geochemical and mineralogical evi
dence support the existence of a common par·ent magma for the Hope and 
Ida Granite intrusions in the region? (2) can the chemical and mineral
ogical variations within and be~ween these intrusions be explained by 
f r actional crystallization of a common parent magma. 

Methods 

Emphasis \ras placed on four principal areas of study: ( l) major 
element chemical analysis of selected -vrhol e - rock sampl es, (2 ) chemical 
analysis of K, Na, Ca, Rb, Sr and Ba in K-feldspar separates, (3) opti
cal analysis of albite-anorthite composition in plagioclase , (4) petro
graphic modal analysis . Samples were analyzed from the Martin Dome 
pluton, the Mt. Ida pluton, the pluton east of the mouth of the Beardmore 
Glacier (East Beardmore pluton) and from a number of apl ite and pegma
tite dikes intruding the Mt. Hope pluton (Fig. 2 of the preceding paper) • 
For each sample a number of geochemical and mineralogical parameters 
were determined, for example K/Rb concentration r atio of K-feldspar, 
anorthite content of plagioclase and modal b iotite content. Variation 
diagrams for a number of pairs of parameters were t hen used to interpret 
the magmatic history of the r ocks . 

Analytical Techniques 

Analyses of Whole-rocks 

Analyses of 9 powdered samples of selected whole-rocks were carried 
out by Andrew McCreath and Sons. A total of 14 major elements were 
determined. The samples were prepared as described in Appendix C of 
Gunner (1971) . 

Analyses of K-feldspars 

K-feldspars were separated from crushed and ground samples as 
described in Appendix C of Gunner ( 1971) . Petrographic examination 
showed that almost all the samples analyzed were non-perthitic. They 
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did contain inclusions of other minerals, such as ~uartz, plagioclase 
and biotite. However, most of the significant inclusions were larger 
than the opening (250 micron) of the 60 mesh screen through which the 
samples were sieved. The good general agreement of most of the K, Na 
and Ca analyses with K-feldspar stoichiometry i ndicates that most of the 
samples were of high purity. 

Representativeness of K-feldspar Separates 

The chemical analyses of the K-feldspars were interpreted on the 
assumption that the separates were representative of all the K-feldspar 
present in the rock. The presence of internal chemical zoning in the 
K-feldspars or of chemical variations with crystal size -- many of the 
rock samples are porphyritic -- would negate this assumption. As a 
preliminary test, two samples containing K-feldspar phenocrysts were 
analyzed by electron microprobe and separates of phenocryst and ground
mass K-feldspar of another sample were analyzed chemically. 

For the electr on microprobe study, 2-l/ 2 em wide slabs of material, 
containing K-feldspar as well-formed phenocrysts and groundmass crystals 
were prepared from samples 315 and 573. At least two phenocrysts about 
1 em across and two groundmass crystals about l mm across were scanned 
in each sample. Variations in x-ray fluor escent intensity of K, Na, 
Ca, Al and Si were recorded on a triple-pen chart recorder coupled to 
the three spectrometers. Continuous traverses of from 800 to 3300 
microns in length were made at the rate of 60 micron/min. Because of 
t ime limitati ons, complete traverses could not be made across i ndi
vidual crystals. Instead, broken traverses a long the same line were 
made near the phenocryst margins, near the centers and in between. 
Neither K, Na , Ca, Al or Si showed any systematic concentration vari
tions within phenocrysts or between phenocrysts and groundmass crystals 
in the same samples. The variations in signal intensity from K-feldspars 
were about ten percent or less for each sample, except for narrow zones 
a few microns across which were interpreted a s fractures. 

The potassium spectrometer of the instrument was ca l ibr ated approxi
mately by t r aver sing a sample of pure potas s ium chloride (KCl ). 'Model' 
K concentration variations calculated on this basis, neglecting matrix 
effects, are presented in Table l for seven scans of K-feldspar crystals. 
None of t he scans show internal K variations of more than l. 9'J, model K, 
and neither sample shows a variation of more than 2 . 0% model K, or about 
13% of the average concentration. No information is available on long
term fluct uat ions of the i nstrument on the scale of hours. The K cali
brations was made only once, so that it is probable t hat at least part 
of the variations observed were due to instrumental fluctuat ion. 
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Table 1: Electron Microprobe Results: Variations inK 
Concentrations in Scans across K-feldspar crystals 

Sample 

573' 

573Md 

315Pe 

315M1 

aK (%) 
---· 
Maximum Minimum 

15 .89 14.15 

14 .91 14.23 

~ 14. 35 13 .61 

) 15.00 13 .82 
•, 

{ 14.39 13.72 

15.15 13 .27 

13.93 13.12 

oKb (%) 

1.74 

0.68 

0.74 

1.18 

0.67 

1.88 

0.81 

a 'Model' concentration neglecting matrix effects. 
Based on a singl e caJ_ibration. 

bRange of variation 

'Phenocryst 

dMatrix 

Length of 
scan 

(micr on) 

3260 

810 

1000 

900 

1102 

1012 

1410 

eTwo scans in single crystal. First near margin, second near center. 
I Three scans, two crystals . 

Analyses of K, Na, Ca, Rb, Sr and Ba in separates of matrix and 
phenocryst K-feldspar from sample 709 are presented in Table 2 . The K 
and Rb analyses of the two seem to be in moderately good agreement, but 
the remaining fot~ elements show differences of between 18% (Ca) and 
80% (Ba) of average concentration. This sample is very coarsely porphy
ritic and K-feldspar phenocrysts form at l east 50 percent of its volume. 
Since any chemical differences between phenocrysts and matrix K-feldspar 
will be at their greatest where phenocrysts are large and have had 
l engthy magmatic histories, sample 709 can be regarded as an extreme 
case. The K, Na and Ca analyses of K-feldspars from sample 709 contrast 
with those obtained on sample 315 and 573, both of whiCh are more 
typical of most Hope Granite outcrops in the Martin Dome, Mt. Hope and 
East Beardmore plutons. 

This preliminary study suggests that K and Rb analyses of K-feldspar 
separates prepared for this stu~ are representative of the rocks 
sampled, but that some caution should be appl ied in the interpretation 
of Na, Ca, Sr and Ba analyses, especially from coarsely and strongly 
porphyritic samples. 
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Table 2 : Sample 709: Analyses of matrix and phenocryst 
K-feldspar separates 

Sample Matrix Phenocryst 

K (%) 12.4 11.1 

Na (%) 1.15 1.74 

Ca (ppm) 1130 1360 

Ba (ppm) 542 1270 

Rb (ppm) 739 633 

Sr (ppm) 148 228 

Chemical Analyses 

Analytical procedures are described i n Appendix C of Gunner (1971) . 
Flame photometry was used for K and Na, x-ray fluorescence for Rb and 
Sr, and atomic absorption spectrophotometry for Ca and Ba. 

X-ray Diffraction Analyses 

A limited number of K- feldspar separates were analyzed by x- ray 
diffraction (XRD), as described in Appendix C of Gunner (1971) . This 
study served two purposes: (1) determination of the structural state 
of the K-feldspar, (2) independent determination of the orthoclase con
tent, as a check on the flame photometric measurement of K. The samples 
were prepared as described in Appendix C of Gunner (1971), using 
fluorite (CaF2 ), previously heated at 800°C for one hour, as an internal 
standard. 

The structural state of a K-feldspar relative to the microcline -
low albite, orthoclase and high sanidine - high albite solid solution 
series affects the 2e positions of certain K-feldspar x-ray diffraction 
peaks, as discussed by Wright (1968) . The three series can be distin
~ished on a plot of the 2e (C~) values of the reflections (o60) and 
(204) as reproduced in Figure 1 . Average values of these angles obtained 
from five scans over the diffraction spectrum of twelve samples are pre
sented in Table 3 and plotted in Figure 1. The data points are closely 
grouped on the diagram. The maximum differences in 2e between sampl es 
are: -- 2e(060) : 0 .09°; 2e(2o4): 0.13°. These differences are compa.
rable to the analytical uncertainty in the measurment s, as determined 
from variations between dif ferent scans on the same sample. The struc
tural states of the twelve samples analyzed are therefore intermediate 
between microcline and orthocl ase, but no significant differences between 
the samples are detectable from the data. 
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pre 1. Twelve K-feldspar Separates from Hope and Ida Granite Samples Plotted on 
a (o6o) - (2o4) Diagram, Simplified from Wright (1968). Lines 'MAXIMUM 
MICROCLINE - LOW ALBITE' and 'HIGH SANIDINE - HIGH ALBITE' Represent the 
solid Solution Series of Orville (1967). The Line 'ORTHOCLASE' Represents 
Alkali-Exchanged Orthoclase (P50-56) of Wright (1968). Symbols as in 
Figure 6. 
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Table 3: orthoclase Contents of 12 K-feldspar Separates , Determined 
by X-ray Diffraction (XRD) and Flame Photometry (FP) 

Sample 2e (2ol) Weight percent orthoclase 
c~ XRDa FP (degrees) 

54 20.91 100 .62 

292 21.05 88.03 84 .14 

297 21.00 92 .53 65 . 78 

314 21.09 84.44 86 . 35 

315 21.08 85 . 33 86 . 49 

605 21.05 88.03 92.40 

630 21.03 89 .83 84.00 

636 21.04 88.93 92.90 

647 21.02 90.73 89 . 48 

654 2l.o6 87 .13 85 .00 

707 21.00 92 .53 88 . 77 

719 21.04 88.93 92 . 26 

acalculated from the equation, y = -89.94x + 1981.27 
(Wright, 1968, p. 97) 

Wright (1968) also showed that the 2e angle of the (201) reflection 
is a nearly linear function of the orthoclase content of a K- fel dspar, 
as reproduced in Figure 2. The average values (five scans) of 2e(20l) 
for the twelve samples are listed in Table 3, together with the computed 
orthoclase contents. These were calculated from the equation y = mx + b, 
where y = weight percent orthoclase and x = 2e(20l)CuKa. Values of the 
parameters m and b were obtained by averaging the values given by Wright 
(1968, p. 97) for the orthoclase and microcline - low albite series. 
Comparison of the orthoclase contents calculated from XRD and flame 
photometric K analyses shows general good agreement . 

Petrographic Analyses 

Plagioclase composition vras determined with a Leitz five-axis uni
versal stage and microscope . Extinction angles on (010) were measured 
in crystals oriented with a-axes vertical and anorthite content was 
determined from the plots of van der Kaaden (1951) assuming the plagio
clase to be of the low temperature variety. At least four crystals were 
measured in each section where practicable, and the maximum and minimum 
extinction angles were noted for each crystal. 
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Figure 2. Ort hocl ase Contents of K-feldspars Plotted Versus 
2e(20l) . Data from Wright (1968, Fig. 4). 
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Modal analyses \vere carried out with a Swift Ltd. point counter and 
an automatic stage, using increments of 0 .33 mm on each traverse and 
traverse separations of 1.0 mm. About 1000 points were counted for each 
thin section, which gives an accuracy of about 3% at the 95% confidence 
level for minerals with abundances be~reen 20 and 40 percent, assuming 
correct identification (van der Plas and Tobi, 1965) . Secondary altera
tion products were counted as the parent mineral where this was determi
nable . 

Results 

Major element analyses of four whole-rock samples and of two com
posite samples of Hope and Ida Granite are presented in Table 4 of the 
preceding paper. As discussed previously, the Hope Granite samples show 
little significant variation in major element contents. Concentrations 
of potash, soda, lime and magnesia are plotted as a function of silica 
content and of "Larsen Index", which equals (l/3Si + K) - (Ca + Mg) 
(Nockolds and Allen, 1953) in Figures 3 and 4. These diagrams show a 
progressive reduction in lime and magnesia content with increasing 
felsic character of the samples. Soda content shows no significant 
variation, and potash appears to have a slight tendency towards enrich
ment with increasing Larsen Index. 

Analyses of K, Na, Ca, Rb, Sr and Ba in 40 K-feldspar separates 
from 39 samples of Hope and Ida Granite are presented in Table 4, 
together with the concentration ratios K/Rb, Ba/Rb, Ca/Sr, Rb/Sr and 
Ba/Sr and the orthoclase, al bite and anorthite stoichiometric contents 
calculated from the data. The orthoclase, albite and anorthite con
tents, recalculated to 100 percent, are plotted in Figure 5 . The K
feldspars analyzed show relatively little variation in orthoclase con
tent. The recalculated values range from 74% to 93%. Albite and anor
thite contents are somewhat variable, ranging from 7% to 22% and from 
0.4% to 4.Q%, respectively. The trace elements Rb , Sr and Ba are much. 
more variable . Their concentrations r ange from 251, 17.2 and 57.9 ppm 
to 1510, 710 and 4350 ppm, respectively. 

Plagioclase composition ranges in samples and modal analyses of 
thin sections of Hope and Ida Granite samples are listed in Tables 5 to 
8. Plagioclase anorthite content shows a high degree of variability 
between samples, ranging from 0% to 56%. Compositional variations 
within samples of 20% anorthite are common, and a maximum variation of 
38% was recorded for sample 651. Plagioclase i n many samples, espe
cially those of Hope Granite, is compositionally zoned . The crystals 
are generally more sodic at the margins than at the centers (normal 
zoning), although occasional small- scale reversale (oscillatory zoning) 
were noted in a few samples. Discontinuous composition changes are com
mon in Hope Granite samples . In some crystals, rounded and embayed con
tacts are visible between more calcic cores and more sodic overgrowths. 
Compositional variation of individual crystals in Hope Granite samples 
is commonly 2Q%, and ranges up to 38% (sample 651). Ida Granite samples, 
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Table 4: Analyses of K, Na, Ca, Ba, Rb and Sr inK-feldspar Separates, Hope and Ida Granites 

Sample K Na Ca Ba Rb Sr K/Rb Ba/Rb Rb/Sr Ca/Sr Ba/Sr Weight ~ 
% % ppm ppm ppm ppm or Ab An 

292 11.8 l.o6 3970 3100 370 340 319 8.37 1.09 11.7 9.12 84.1 12.4 2.8 
294 11.0 1.29 -- -- 322 387 342 -- 0.83 -- -- 78.4 15 .1 
295 12.8 0 .86 -- -- -- -- -- -- -- -- -- 91.0 10 .0 
297 9.24 1.63 5120 4530 291 710 317 15.6 0. 41 7.22 6 .38 65.8 19.0 3.6 
314 12.1 0.93 1870 2050 363 271 334 5.64 1.34 6.88 7.56 86 .4 10.8 1.3 
315 12 .2 0.97 2130 2410 415 313 293 5.80 1. 33 6.81 7.70 86.5 11.3 1.5 
573 12.5 1.05 993 2530 394 307 318 6.41 1.28 3.23 8.24 89.3 12 .2 0.7 

575 13.2 0.58 867 269 961 94 .9 138 0 .28 10.1 9.14 2.83 94.1 6.7. 0.6 
578A 12 .7 0.84 1070 319 978 110 129 0.33 8 .88 9.74 2.90 9Q .l 9-9 0.7 

583 12.6 0.88 1270 1560 357 276 354 4.37 1.29 4.60 5.65 89.8 10.3 0.9 
w 
0\ 587 12.0 0.98 1770 2440 329 363 364 7.42 0.90 4.86 6.72 85.1 11.4 1.2 

594 12 .8 0.61 614 84.0 1510 58.9 84.8 o.o6 25.7 27 .4 1.43 91.3 7.1 0.4 
596 11.7 0 .85 803 225 985 101 119 0.23 9.74 7.94 2.23 83.6 10 .0 0.6 

597 12.5 0 .87 603 292 976 109 128 0.30 8.92 5.51 2.68 88 .7 10.2 0.4 
601 12.3 1.16 -- -- 572 203 215 -- 2.82 -- -- 87.4 13 .6 

604 10.9 1.91 2650 584 423 73 .6 258 1.38 5.76 36.1 7-93 77.7 22 .3 

605 13 .0 0.82 998 1040 565 493 230 1.84 1.15 2.03 2.11 92.4 9.6 0.7 

608A 12 .4 1.18 915 82.1 1230 57.8 101 0.07 21.2 15.8 1.42 88.3 13 .8 0.6 
608B 12.5 1.05 855 -- 1510 17.2 82.5 -- 87 .7 49.6 -- 88 .7 12 .3 0.6 

630 11.8 1.19 1800 668 674 437 175 0.99 1.54 4.13 1.53 84.0 13.9 1.3 



Tabl e 4 - Continued 

Sampl e K Na Ca Ba Rb Sr K/ Rb Ba/Rb Rb/Sr Ca/Sr Ba/Sr Weight ~ 
% % ppm ppn ppm ppm Or Ab An 

---- - - -- -· ·--·- -
635 12 . 3 1.19 ll20 5l3 421 86 .5 292 1.22 4.87 13.0 5-93 87 -5 13.9 0.8 

636 l 3.0 0.91 1460 158 943 100 138 0,17 9.44 14.7 L58 92-5 l0.6 l"O 

637 12.8 0.77 1330 242 1000 84 .8 l27 0.24 Jl.8 l 5.6 2.85 9Q.8 8.9 0.9 
638 12.5 1.20 ll50 330 907 104 138 0.36 8.74 ll.l 3-l7 89 .3 14 .0 0.8 

639 13.0 0.71 1480 199 7o6 6''( .3 l85 0 .28 l0.5 22.0 2.9() 92.3 8 .3 l.O 
640 12.5 0 .99 523 314 758 84.9 165 0.41 8.93 6.16 3.70 88.8 11.5 o.4 

646 12 .1 1.08 598 505 744 94.6 162 0.68 7.87 6.33 5.3h 86.0 ]2~' .o 0.4 
647 12.6 0. 83 914 2050 429 179 293 4.79 2.40 5.12 11.5 89.5 9.7 0.6 

651 12.2 0.92 81~4 1490 481 174 254 3.09 2.76 4.84 8.56 86.9 10.7 0.6 
UJ 654 11.9 1.05 1060 2440 400 297 299 6.09 1.35 3.55 8.22 85 .0 12.2 0.7 .....;) 

658 12.3 1.25 652 3970 251 448 490 15.8 0 .56 1.46 8.86 87 .6 14.6 0.5 

707 12 .5 0.92 598 57-9 ll90 39.0 lo6 0.05 30 .4 15. 3 1.48 88.8 10.7 0.4 
709m 12.4 1.15 1130 542 739 148 168 0.73 4.98 7 .60 3.66 88 . 3 l3 . 4 0.8 
709P ll.1 1.74 1360 1270 633 228 1.'(6 2.01 2.78 5.98 5.57 79-3 20 .3 0.9 
719 13.0 0.71 -- -- ll30 88.9 ll5 -- 10.3 -- -- 92 .3 8.3 
721 ll .9 1.02 883 386 962 123 123 0.40 7-79 7-15 3.14 84.4 ll.8 0.6 
722 12.8 0.79 1300 316 1220 102 104 0.26 12.0 12 .7 3.10 90 .8 9.2 0.9 
724 12.5 0.79 569 482 859 143 146 0.56 6.01 3.98 3.37 89.1 9.3 0.4 

726 12 .4 0.98 1090 949 758 157 163 1.25 4.83 6.97 6 .04 88 .1 ll.5 0.8 

739 ll .9 1.50 622 762 602 75.1 197 1.27 8.01 8.29 10.2 84.4 17.5 0.4 
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Table 5: Petrographic Data: Hope Granite 

Location Martin Dome Shackleton Coast 

Sample 40 8l 292 295 314 573 587 604 647 654 707 

Quartz 29 22 37 32 25 40 40 4l 32 lO 27 

K- feldspar 9 24 5 24 27 l 3 25 34 26 63 43 

Plagioclase 42 42 40 28 32 34 22 23 26 ll 28 

Biotite l 9 ll l8 l 6 l5 ll l3 2 l4 8 3 

w 
\0 

Hornbl ende - - - - - Acces . a - Tr.b Acces . 5 ,.; 

Plagioclase n .d.' zoned zoned zoned zoned zoned zoned zoned zoned zoned zoned 
compositiond 

%An n .d. 25-48 31- 56 33- 46 29-48 27- 56 21-55 20-27 31- 36 21-29 2-25 

a Accessory 
bTrace 
'No data 
dDetermined by measurement of extinction angle on (OlO) in sections oriented normal to a-axis 

(van der Kaaden, l95l) 



Tabl e 6: Petrographic data : Ida Granite 

Sample 575 580 608B 636 637 719 

Quartz 28 40 36 32 26 36 

K-fel dspar 42 35 25 39 45 21 

Plagioclase 28 24 38 24 21 37 

Biotite 3 Tr Tra 3 Acces . b 4 

Muscovite Tr Tr Acces. 3 Acces . 

Pl agioclase n . d. 
c 

n.d . unzoned unzoned unzoned unzoned 

Composition d 

%An n . d . n .d. 2- 22 4-ll ll-15 25- 29 

a Trace 
b A.cces sory 
cNo data 
dDetermined by measurement of extinction angle on (010) in sections 
oriented manual to a-axis (van der Kaader, 1951) 
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Table 7: Plagioclase Compositions: Hope Granite 

Sample Number of Vari- 12, Anorthitea 
Crystals ation Unzoned Zoned Crys.tals All 
Stud.ied Crystals Margin Center Crystals 

40 4 Min - 39 40 39 
Max 44 53 53 

81 10 Min b30 25 31 25 
Max 30 38 48 48 

292 9 Min 34 31 40 31 
Max 51 45 56 56 

294 10 Min 31 38 43 31 
Max 46 43 51 51 

295 6 Min 34 b37 46 34 
Max 54 37 46 54 

297 6 Min 21 20 25 21 
Max 23 28 n.d.' 28 

314 8 Min 33 29 40 29 
Max 1~3 41 48 48 

315 10 Min 35 37 48 35 
Max 45 37 48 48 

573 5 Min - 27 39 27 
Max 37 56 56 

578A 2 Min 24 - - 24 
Max 25 25 

583 4 Min 14 23 28 14 
Max 40 33 38 40 

587 4 Min b26 21 23 21 
Max 26 39 55 55 

593 4 Min 26 37 45 26 
Max 29 37 45 45 

596 9 Min 12 6 16 6 
Max 21 16 30 30 

601 4 Min - d9(26) 28 9 
Max 31 34 34 
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Tabl e 7 - Conti nued 

Sampl e Number of Var i - % Anorthi tea 
Crystals at ion Unzoned Zoned Crystal s All 
Studied Crystal s Margin Center Crystal s 

604 4 Mi n 20 b22 27 20 
Max 23 22 27 27 

605 7 Min b48 24 30 24 
Max 48 38 54 54 

630 3 Min b32 23 36 23 
Max 32 26 43 43 

635 2 Min b21 21 
Max 21 21 

646 4 Min 15 24 15 
Max 22 28 28 

647 3 Min 31 31 
Max 36 36 

651 10 Min 26 18 27 18 
Max 37 35 56 56 

654 l Min b4 35 4 
Max 4 35 35 

707 5 Min bl 3 2 19 2 
Max 13 13 25 25 

726 4 Min 25 29 25 
Max 27 35 35 

738 5 Min 4 ll 18 4 
Max 4 18 24 24 

anetermined by measurement of extinction angl e on (OlO) i n sections 
or iented normal to a-axis (van der Kaaden, 1951) 

bSi ngl e crystal 
'No data 
d Crystal overgrown by more sodi c mat erial. Composition of inner mar gin 
in parentheses . 
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Table 8: Plagioclase Compositions : Ida Granite 

Sample Number of Vari- % Anorthitea 
Crystals at ion Unzoned Zoned Crystals All 
Studied Crystals Margin Center Crystals 

'594 2 Min bl7 b 5 17 5 
Max 17 5 17 17 

597 2 Min 21 - - 21 
Max 29 29 

( 

608B 7 Min 2 - - 2 
Max 22 22 

636 2 Min 4 - - 4 
Max 11 11 

637 3 Min 11 - - 11 
Max 15 15 

638 4 Min 0 - - 0 
Max 11.~ 14 

c 

639 3 Min 9 - - 9 
Max 17 17 

719 4 Min 25 - - 25 
Max 29 29 

721 5 Min 22 - - 22 
l-1ax 26 26 

722 4 Min b29 13 18 13 
Max 29 22 28 29 

724 4 Min b33 19 27 19 
Max 33 28 33 33 

aDetennined by measurement of extinction angle on (010) in sections 
orient ed normal to a (van der Kaaden, 1951) 

bSingl e crystal 
'Dike 
dReverse zoning present 
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including aplite and pegmatite dikes contain plagioclase whiCh is gen
erally more sadie and less strongly zoned than that in the Hope Granite. 

Samples of Hope Granite for which modal analyses are available vary 
from granodiorite to quartz monzonite (Williams et al., 1954). Ida 
Granite samples tend to have higher modal K-feldspar]plagioclase ratios 
and vary from quartz monzonite to granite . Modal contents of mafic min
erals, biolite and occasionally hornblende, are consistently higher in 
Hope Granite than in Ida Granite samples, in some of which they are o~ 
present in trace amounts. 

Theoretical Aspects of Magmatic 
Differentiation 

The interpretation of the chemical and mineralogical data on the 
Hope and Ida Granites is based on several theoretical concepts. These 
are discussed briefly in this secti on. 

It is well known that a body of magma tends to become chemically 
fractionated during crystallization, due to preferential concentration 
of certain elements in the first-formed minerals. In granitic magmas 
the crystallization of mafic minerals, for example biotite and horn
blende, and of calcic plagioclase tends to enrich the residual magma in 
silica and in some cases in alkalis and to impoverish it in iron, mag
nesium and calcium. If disequilibrium conditions prevail, plagioclase 
crystallizing from such a magma w·ill be normally zoned. Only when the 
magma begins to crystallize eutectically will fractionation cease. 

Trace elements also tend to be fractionated by non-eutectic crystal
lation, commonly more strongly than major elements. The behavior in a 
magma of a trace element which is competing with another element for a 
site in a crystal lattice can in most cases be predicted in terms of two 
empirical rules formulated by Goldschmidt (1937) . These state that in 
such a case the ion having the smaller ionic radius and the greater 
charge will tend to enter the lattice site more readily. Thus if K+ and 
Rb+ ions are competing for an alkali site in a K-feldspar lattice the 
smaller ~ ion will tend to be more successful. However, in the case 
of ~ and Ba+2

, the doubly charged Ba+ 2 ion will tend to be favored. 
Each substitution of ~ by Ba+2 is accompanied by coupled substitution 
of si+4 by A1+ 3 • This means that, in a magma from which K-feldspar is 
crystallizing, Ba+2 will tend to be concentrated in the early-formed 
K- fe.ldspar and Rb+ in the residual magma. The same holds true for other 
potassium minerals such as biotite and muscovite. Consequently, the 
potassium minerals which crystallize from the later-stage 'residual' 
magmas tend to be enriched i n Rb relative to their earlier counterparts, 
since Rb forms no minerals of its own. The K/Rb and Ba/Rb ratios of 
K-feldspars crystallizing under these conditions tend to decrease as 
crystallization proceeds. These ratios can therefore be used as 
parameters to monitor the degree of fractional crystallization which 
a suite of granitic rocks has undergone. 
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The anorthite content of plagioclase can also be used as a measure 
of magmatic differentiation. Ideally, a plagioclase crystal should 
have a homogeneous anorthite content which is directly related to that 
of the magma with Which it i s in equilibrium. However, in most granitic 
magmas, disequilibrium conditions cause incomplete reaction of plagio
clase and the development of normally zoned crystals, as found in the 
Hope Granite . In such a crystal, the center and margin provide measures 
of the anorthite content of the first and l ast magmas with whiCh the 
crystal was in contact, respectively. If a plagioclase crystal comes 
into contact with a more calcic liquid, for example by convective move
ment in a chemically heterogeneous magma, some or all of the crystal 
may be resorbed. Later contact with a more sodic magma will cause 
crystallization of an over growth of more sodic plagioclase, separated 
from the resorbed core by an irregularly shaped compositional discon
tinuity. Such features are present in some of the Hope Granite samples 
studied. 

Finally, the mineralogical composition of the rock, as determined 
by.modal analysis, provided another measure of the degree of fraction
ation of the magma from which it crystallized. A low content of mafic 
minerals and an abundance of quartz and K- feldspar tend to indicate a 
strongly fractionated magma. 

These three parameters, K-feldspar chemistry, plagioclase composi
tion and petrographic mode, are reliable measures of ma,gmatic fraction
ation only if two conditions are fulfilled: (l) the mineral assemblages 
studied reflect the course of fractional crystallization of the magma 
and contain no xenocrysts, and (2) the Chemistry and mineralogy of the 
rocks sampled have not been affected significantly by later alteration. 

Discussion of Results 

In this section the relationships between variations of the three 
parameters, K-feJ.dspar chemistry, plagioclase composition and petro
graphic mode, in the samples analyzed are discussed. The behavior of 
the parameters as a fUnction of rock-type and geographic location of the 
samples is examined . Three l ithologic groups of samples, Hope Granite, 
Ida Granite plutonic and Ida Granite aplite and pegmatite dike samples 
are distinguished. In addition, the Hope Granite samples are grouped 
geographically under those from Martin Dome, the Mt. Hope pluton, the 
intrusions east of the mouth of the Beardmore Glacier and other intru
sions in the Shackleton Coast. Different symbols are used for eaCh of 
these six sample groups in the diagrams which follow. Finally, it is 
shown that (l) the chemical results support the strontium isotopic evi
dence (preceding paper) that the Hope and Ida Granites in the Shackleton 
Coast were derived from a common parent magma, and (2) the chemical and 
mineralogical variations in the Hope and Ida Granites are explicable by 
differentiation of this parent magma. 
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Rb in K- feldspars 

Results 

Concentrations of K and Rb in 39 K-fel dspar samples are plotted in 
Figure 6. The sampl es show a cont inuous pattern of variation in K/Rb 
rati o, from 83 (sample 608B) to 490 (sampl e 658) . Samples from the 
three lithologic units occupy more restricted areas of the diagram. 
Hope Granite samples tend to have relatively high K/Rb ratios (101 to 
490) . Ida Granite plutonic sampl es have intermediate ratios (104 to 
146), and Ida Granite dike samples incl ude ratios as low as 83 . There 
is no detectable difference in the K/Rb pattern of Hope Gr anite sampl es 
from the four geographic areas. 

In Figure 7 the ranges of plagioclase anorthite content of 32 sam
ples are plotted versus the K/Rb ratios of K-feldspar separates from the 
same samples . The diagram shows a definite trend towards decreasing maxi
mum, average and minimum anorthite content of plagi oclase as K- fel dspar 
K/Rb ratio decreases. The three lithologic groups again occupy more 
restricted overlapping areas of the diagram. The Ida Granite pl utonic 
and dike samples tend to have more sodic plagioclase as well as more Rb
rich K-feldspar than the Hope Granite . As before, there is no detectable 
difference i n plagiocl ase composition pattern for Hope Granite samples 
from the four locations. 

Two modal parameters, K- feldspar and total mica (biotite and musco
vite) contents are plotted versus K/Rb ratio for 12 samples in Figures 
8 and 9. Although there is no detectabl e pattern in the K- feldspar modes, 
there appears to be a distinct trend towards increasing K- fel dspar K/Rb 
ratio in the samples which have higher mica contents . The diagram al so 
shows the general lower mica content of the Ida Granite sampl es . 

Interpretation 

The relationship between K- fel dspar K/Rb ratio and rock-type, sample 
mica content and composition of coexisting plagiocl ase support the stron
tium isotope evidence that the rocks sampled from the Shackleton Coast 
bel ong to the same magma differentiation series. The most basic magma 
which the samples record crystallized K- fel dspar with a K/Rb ratio of 
490 (sample 658). As crystallization proceeded the Rb content of the 
crystallized magma increased to the point where it was crystallizing 
K-feldspar with a K/Rb ratio of 83 (sample 608B). 

Ba in K- feldspars 

Results 

Concentrations of Ba and Rb in 34 K- feldspar samples are plotted in 
Figure 10. The Ba/Rb ratio shows a continuous pattern of variation from 
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0.05 (sample 707) to 15.8 (sample 658), similar to that of the K/Rb 
ratio. The Ida Granite samples, of both plutonic and dike rocks, are 
concentrated in the lower part of the diagram and have K-feldspar Ba/Rb 
ratios between 0. o6 and 0 . 56. Ho'\\rever, the Hope Granite samples span 
the whole range of Ba/Rb variation. Again there is no detectable dif
ference in Ba/Rb pattern for Hope Granite samples from the four loca
tions. The trend of increasing plagioclase anorthite content with 
increasing K-feldspar Ba/Rb ratio (Fig. ll) matches the K/Rb pattern. 
Hope Granite samples 578A, 596, 646 and 707 which have low K-feldspar 
Ba/Rb ratios (less than 0.7) have plagioclase which is consistently 
less calcic than that in the remaining Hope Granite samples. Compari
son of Figures 9 and 10 shows that the samples with high modal mica tend 
to have high Ba/Rb ratios. 

Interpretation 

Notwithstanding the previously expressed caution about the repre
sentativeness of K-feldspar Ba analyses, the Ba/Rb ratios tend to match 
the trends shown by the same K-feldspar samples. This supports the 
interpretation of the K/Rb and strontium isotope evidence in terms of a 
single magma fractionation series for the samples from the Shackleton 
Coast. The progressive reduction in Ba content of the K-feldspars with 
increasing K-feldspar Rb and plagioclase Na content suggests that the 
magma was progressively depleted in Ba as crystallization proceeded. 
The relatively small increase in K-feldspar Rb content and in plagio
clase Na content with a decrease in K-feldspar Ba content from 4ooo ppm 
to 1000 ppm (Figs. 10 and ll) suggests that gradual Ba depletion covered 
much of the range of crystallization of the Hope Granite samples. How
ever, during crystallization of the Ida Granite plutonic and dike 
samples depletion of Ba in the magma proceeded at a )ower rate relative 
to Rb enrichment. 

Sr in K-feldspars 

Results 

Concentrations of Sr are plotted versus Rb, Ca and Ba concentrations 
inK-feldspar samples in Figures 12, 13 and 14, respectively. The pat
tern of Sr/Rb variation is similar to that shown by Ba/Rb in the same 
samples (Fig. 10). Hope Granite samples span the whole range of Rb/Sr 
ratios from 0.56 (sample 658) to 30 (sample 707). Ida Granite plutonic 
samples are restricted to a small area of the diagram and have relatively 
high K-feldspar Rb/Sr ratios. Ida Granite dikes also have high K-feldspar 
Rb/Sr ratios which range up to 88 (sample 608B) . . 

Neither Ba nor Ca show the i nverse relationship with Sr which is 
typical of the Rb/Sr and Ba/Rb variation patterns in the K-feldspars. 
On the ( a /Sr diagram (Fig. 13) the Ida Granite samples are clustered in 
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a relatively small area, with low Ca and Sr concentrations, but the Hope 
Granite samples are scattered throughout the diagram and show no detect
able relationship between Ca and Sr . By contrast, the Ba and Sr con
tents of both Hope and Ida Granite K-feldspar samples are clearly 
related (Fig. 14). The Ida Granite san.ples plot in a small area of the 
diagram and show a strong degree of coherence between Ba and Sr, with 
an average Ba/Sr ratio of about 3. The Hope Granite samples range much 
more widely across the diagram, but, except for samples 605 and 630, 
they also show a significant degree of coherence of Ba and Sr . 

Interpretation 

The marked coherence of Ba and Sr in the K-feldspar samples and the 
similarity of the Rb/Sr and Ba/Rb variation diagrams suggest that Sr 
and Ba were both progressively depleted in the magma at similar rates 
during crystallization of the Hope Granite samples. During crystalli
zation of the Ida Granite samples the Ba depletion rate was much 
slower but Sr continued to be depleted until the Ida Granite aplite 
and pegmatite dikes vrere emplaced. 

Ratio Variation Diagrams as Indicators of Differentation Trends 

It has been shown that the K-feldspar concentration ratios K/ Rb, 
Ba/Rb and Rb/Sr are sensitive parameters of magmatic di fferentiation in 
the Hope and Ida Granites. Figures 15, 16 and 17 ar e variation diagrams 
in which these ratios are pl otted versus each other. In each diagram 
the samples plot in a narrow curved band. The patterns shown by indi
vidual samples and by lithologic groups of samples are the same in each 
diagram. The Ida Granite samples are closely spaced near one end of the 
trend and the least differentiated sam~les, 292, 587, and 658 for exam
ple, plot at the other end. 

Each trend therefore represents a liquid line of descent of the 
magma from which the samples crystallized, and the position of a sample 
on the trends is a measure of the degree of differentiation of the 
magma from which it crystallized. 

Individual Sampl es 

A number of samples deserve individual mention because of special 
features of their chemistry or mineralogy. 

Samples 709m and 709P, respectively, the separates of matrix and 
phenocryst K-feldspar from sample 709, show several chemical differences, 
as mentioned previously. Sample 709P is significantly richer in Na, Ba 
and Sr and poorer in K and Rb than sampl e 709m. The pattern of differ
ences between these two samples in Ba, Sr and Rb is illustrated in 
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Figures 14, 10 and 12. It is consistent with. that predicted by Gold
schmidt's rules and is therefore probably due to crystallization of the 
bulk of the phenocrysts in sample 709 before the matrix K-feldspars. 
The contrast in K cu1d Na contents may be due to initial crystallization 
of the K-feldspar phenocrysts in a more sadie magma on the Na side of 
the albite-orthoclase binary eutectic (Bowen and Tuttle, 1950) and their 
subsequent removal from contact with more potassic later-stage magmas 
either by mcu1tling or by physical movement. 

Sample 608B is an aplite dike which was collected in the same hand 
specimen as the Hope Granite which it intrudes (sample 608A). The 
proximity of sa~ples 608A and 608B on the K/Rb, Ca/Sr and Rb/Sr 
K-feldspar variation diagrams (Figs. 6, 13) reflects a similarity in 
K-feldspar content of K, Ca, Rb, and Sr. It is therefore possible that 
exchange of these elements took place between sample 608A and the dike 
from which sample 608B was collected. 

A slmilar exchange may have affected samples 724 and 726, which 
were collected from the contact zone between the Ida Granite pluton 
and the Mt. Hope pluton (Fig. 18). As described in Chapter III of 
Gunner (1971), the contact at this locality is diffuse and suggests 
that the Ida Granite pluton was intruded before the Hope Granite had 
completely solidified. Sample 726 is coarser-grained, richer in mafic 
minerals and has plagioclase which is more calcic than in sample 724. 
However, the proximity of the tl-ro samples on the K/Rb and Rb/Sr K
feldspar variation diagrams (Figs . 6 and 12) suggests that sample 726 
exchanged Rb and Sr with the Ida Granite magma at the time of its 
emplacement. 

Geographic Variation of K-feldspar Chemistry of Hope and 
Ida Granite Samples 

Samples were collected on traverses across the Mt. Hope, Mt. Ida 
and East Beardmore plutons for a comparison of the crystallization 
histories of different pa~~s of these bodies. The K/Rb, Ba/Rb and 
Rb/Sr ratios of K-feldspars from 34 samples are plotted on Figure 18. 

Heier and Taylor (1959) shoiored that in a cylindrical body of gra
nitic magma which crystallized from the margins inward, the K/Rb ratios 
of K-feldspars show a progressive decrease from the margins to the 
center of the pluton, where the last portions of the magma crystallized. 
In such an intrusion, contours of equal K-feldspar K/Rb ratio should 
form a concentric pattern. The same should be true of other parameters 
of differentiation, such as K-feldspar Ba/Rb and Rb/Sr ratios, plagio
clase composition and biotite mode. 

It is clear fTom Figure 18 that the Mt. Hope, Mt. Ida and East 
Beardmore plutons do not conform to a simple model. Because of the low 
density of sample distribution and the uncertainty of the exact locations 
of some of the pluton margins, no attempt to contour the data has been 
made. However certain general conclusions can be drawn. 
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The data on the East Beardmore pluton are insufficient for detailed 
interpretation. The K-feldspar K/Rb, Ba/Rb and Rb/Sr ratios in the five 
samples do not appear to be related to distance from the pluton margin. 
However there seems to be a distinct increase in differentiated character 
of the K-feldspars from east to west. It is possible that this pattern 
is due to a sequence of int1~sion of separate bodies of progressively 
differentiated magma from east to west. 

The Mt . Hope pluton has more complex K-feldspar chemical patterns. 
The limited data allow a tentative subdivision of the samples into three 
areas, as shown in Figure 19. The ranges of K/Rb, Ba/Rb and Rb /Sr K
feldspar ratios in the samples from each area are listed in Table 9 . 

Table 9: Mt. Hope pluton: Ranges of K-feldspar K/Rb, Ba/Rb, and 
Rb/Sr ratios in Areas I, II and III 

Area Location K/Rb Ba/Rb Rb/Sr 

I Granite Pillars - High High Lo"t-1 
Mt. Hope 318-364 4.37-7.42 0.9()-1.29 

II Lower Beaver Glacier Intermediate Intermediate Intermediate 
215-292 1.22-1.84 1.15-5.76 

III The Gate~qay - Low Low High 
Cape Allen ll9-129 Oo23-0.33 8.88-9.74 

Area I includes outcrops of the pluton along the Beardmore Glacier, 
sampled at Mt. Hope and Granite Pillars. K-feldspars from this area 
have the highest K/Rb and Ba/Rb and the lowest Rb/Sr ratios obtained 
from t he Mt. Hope pluton. Area II, around the mouth of the Beaver 
Glacier, has rocks with intermediate values of the three parameters . 
In Area III, which includes Cape Allen and the west side of the Gateway, 
the two samples have the lowest K/Rb and Ba/Rb K-feldspar ratios recorded 
from the pluton. Samples 608A and 726 have been excluded from this con
sideration because they may have been contaminated, as discussed previ
ously. 

This geographic pattern of K/Rb, Ba/Rb and Rb/Sr ratios inK
feldspars suggests that the Hope Granite rocks in areas I, II and III 
represent a sequence of increasingly differentiated magmas. It is sug
gested that the magmas in these three areas were tapped from the same 
body of differentiating magma and were emplaced in separate episodes in 
the sequence I, II, III. Since no contacts between any of these hypo
thetical intrus·ions have been seen, it seems likely that each was emplaced 
before the previous intrusion had completely solidified. By the time of 
emplacement of the Mt. Ida pluton, Intrusion I had crystallized suffi
ciently for a sharp contact to be formed against it at Granite Pillars. 
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The evidence that the Hope Granite at the north ridge of Mt. Ida was 
still partly molten at the time of intrusion of the Ida Granite, as 
discussed previously, suggests that the Hope Granite at this locality 
belonged to a later intrusion, probably II or III. This would provide 
an alternative explanation for the low K/Rb and Ba/Rb and the high 
Rb/Sr ratios in the K-feldspar of sample 726. 

The K-feldspars sampled from the Mt. Ida pluton show relatively 
small variations in K/Rb, Ba/Rb and Rb/Sr ratios. These can be accounted 
for by local heterogeneit1.es in a generally homogeneous magma ~hich 
crystallized over a small temperature range. The K/Rb, Ba/Rb and Rb/Sr 
ratios in Ida Granite K-feldspars are comparable to those in samples 
from Area III, and are consistent with the field evidence that the Ida 
Granite was the latest intrusion in this sequence of magmatism. Its 
finer average grain size suggests that the Ida Granite cooled more 
rapidly than the Hope Granite. This may have been due to a regional 
lowering of the gee-isotherms, corresponding to the close of the magmatic 
phase of the Ross Orogeny and to the exhaustion of the supply of gra
nitic ma@Ua. There is no evidence that the Mt. Ida pluton was enplaced 
during more than one episode. 

The sparse data available on the East Beardmore pluton and the out
lying intrusions of Hope Granite at Wi se Bay, Threshold Ntmta.k and 
Sirohi Point allow only a speculative attempt at comparing the stages 
of differentiation of their magmas with those of the Mt. Hope pluton. 
The most easterly sample (658) from the East Beardmore pluton contains 
K-feldspars whose chemistry suggests that the most basic Hope Granite 
magma sampled was present in this area. The remaining samples from the 
East Beardmore pluton and three of the four samples from the other out
lying plutons have K-feldspar chemistries which suggest that the stage 
of differentiation of their magmas was comparable to that of Intrustion 
II of the Mt. Hope pluton. Sample 707 from Wise Bay has K-feldspar chem
istry comparable to that of the most extremely differentiated aplite and 
pegmatite dikes. This indicates that the magma of the Wise Bay intrusion 
underwent considerable differentiation. 

The K-feldspars in the six Hope Granite samples from the Martin 
Dome pluton have K/Rb, Ba/Rb and Rb/Sr ratios which show relatively 
little variation and have values that suggest that the K-feldspars crys
tallized from a relatively undifferent iated magma. However the concen
trations of K, Ca and Sr in these K-feldspars show a systematic pattern 
of Change, as Figures 6, 12 and 13 illustrate. The samples are progres
sively depleted inCa, Sr and, to a lesser extent, Na in the order 297, 
294, 292, 314, 315. Their K, Ca and Sr contents are plotted on a loca
tion diagram in Figure 20. Although the data are limited, they indicate 
that the samples at Macdonald Bluffs crystallized from a less differenti
ated ma@Ua than those at Kreiling Mesa. It is tentatively suggested 
that the magma from which the Macdonald Bluff samples (292, 294 and 297) 
formed was intruded first. Then a separate body of magma was intruded, 
and samples 314 and 315, whose K-feldspars have lower Ca and Sr and 
higher K concentrations crystallized from it. The southward increase 
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in differentiated character of the K-feldspars in samples 297, 294 and 
292 may indicate a southward trend towards increased magmatic differenti
ation at Macdonald Bluffs. 

Al though no ana~tical data on other parts of the Martin Dome pluton 
are available, it is suggested that the Martin Dome massif if formed of 
a single intrusion. Thus Ong Valley and Dike Cirque, "Yrhich separate 
Kreil ing Mesa from Martin Dome , may mark the contact zone between t'iro 
intrustions which make up the Martin Dome pluton. 

Conclusions ·----

The chemical study of the magmatic development of the Hope and Ida 
Granites, combined with the evidence of a common initial 87Srj86sr ratio 
presented in the preceding paper of this report , has verified the t'iro 
hypotheses which were stated at the beginning of this Chapter: 

(l ) The Hope and Ida Granite intrusions in the Shackl eton 
Coast region cl~stallized from a coramon parent magma; 

(2) Differentiation of this magma caused the chemical and 
mineral ogical variations observable within and bet'ireen 
the intrusions. 

The main conclusions of the chemical phase of this study are summar
ized as follows : 

(1) The data presented clearly demonstrate the magmatic origin 
of the Hope and Ida Granites. 

(2) K-feldspar samples from both rock units fit a single set 
of simple patterns on variation diagrams of K/Rb, Ba/Rb, 
Ba/Sr, Rb/Sr . This strongly supports the strontium 
isotope evidence presented in the previous paper tha t 
all the intrusions studied in the Shackleton Coast were 
derived from the same parent magma. 

(3) The chemical variations in the K- fel dspars and plagio
clases and the modal variations in the rocks are best 
explained in terms of magmatic differentiation . 

(4) There is evidence that the Mt. Hope pluton was emplaced 
in more than one episode. A closely- spaced sequence of 
three intrusions of Hope Granite, followed by the Mt . Ida 
pl uton and the pegmatit e and aplite dikes, is suggested. 

(5) Geochemical and petrographic comparisons w·ith the Mt . Hope 
pl uton suggest that the Hope Granite intrustions at Wise 
Bay, Threshold Nunatak, Sirohi Point and the East Beardmore 
pl uton crystal lized from magmas which were at simil ar 
stages of differentiation to that of the Mt. Hope pl uton . 

67 



References 

Bowen, N. L. and Tuttle, 0. F., 1950, The system NaAlSi~08-KAlSi308-H20. 
Jour. Geol . , 58, 489-511. 

Goldschmidt, V. M., 1937, The principles of distribution of chemical 
elements in minerals and rocks. Jour. Chern. Soc., 655-673. 

Gunner, J. D., 1971, Age and origin of The Nimrod Group and of the 
Granite Harbour Intensives, Beardmore Glacier Region, Antarctica. 
Ph.D. dissertation, Dept. of Geology, The Ohio State University, 
23lp. 

Heier, K. S . and Taylor, S. R., 1959, 1be distribution of Li, Na, K, 
Rb , Cs, Pb and Tl in southern Norwegian Precambrian alkali feld
spars. Geochirn . Cosmochirn. Acta, 15, 284-304. 

Nockolds, S . R. and Allen, R., 1953 , The geochemistry of some igneous 
rock sines. Geochirn. Cosmochirn. Acta, ~' 105-142. 

Vander Kaaden, G., 1951, Optical studies on natural plagioclase 
feldspars with high and low-temperature optics . Thesis, State 
University, Utrecht, l50p. 

Vander Plas, L. and Tobi, A. ~ ., 1965, A chart for judging The relia
bility of point counting results. Amer. Jour . Sci ., 263 , 87-90. 

Williams, H., Turner, F. J. and Gilbert, c. M., 1954, Petrography. 
W. H. Freeman and Co . , San Francisco, 406p. 

Wright, L. T., 1968, X-ray and optical study of alkali feldspars II. 
An X-ray metnod for determining the composition and structural 
state from measurement of 20 values for three reflections. Arner . 
Mineral, 53, 88-104. 

68 



THE INITIAL 87Sr/86Sr RATIOS AND SILICA CONTENT 
OF MESOZOIC BASALT FROM ANTARCTICA 

(Excerpts from a M.Sc. thesis by John R. Bowman 
submitted to the Department of Geology in 1971) 

Thirteen samples of tholeiitic basalt rocks from Mountain 11B" on 
Kirwan Escarpment in western Queen Maud Land and ten samples of tho.
leiitic basalt (Kirkpatrick Basalt) from Storm Peak in the Queen Alex
andra Range of the central Transantarctic Mountains were studied in this 
project. [Locations of these areas can be found in Figure 1 (Storm Peak) 
and Figure 2 (Kirwan Escarpment and Mountain "B") . ] Sample positions 
within the stratigraphic sections of Mountain "B" and Storm Peak are 
shown in Figures 3 and 4, respectively. 

These basalt samples were analyzed for Rb, Sr, and Si02 concentra
tions, the Rb/Sr ratio, and for the isotopic composition of Sr. Rb and 
Sr concentrations were measured by x-ray fluorescence spectrometry. 
Si02 concentrations were obtained commercially by standard wet chemical 
techniques (A. s. McCreath and Sons, Inc. ) . All measured 87Sr/86sr 
ratios were corrected for fractionation, assuming a 86sr/88Sr ratio of 
.1194. The initial 87Sr/86 Sr isotope ratio was calculated for each 
sample from the relationship: 

(
s7sr) (s7sr) (s7Rb) - - :::r -- - - - r..t 
83sr 86s r 86sr 

' 0 ' p 

using a value of 1.39 x 10·-11 yr-1 for the decay constant of 87Rb, and 
an age of 170 million years for both suites of basalts. Extensive K-Ar 
age data available on the Kirkpatrick Basalt average 170 million years 
(Wade, et al., 1965; Elliot, 1969). Deposition of the Kirkpatrick 
Basalt wasperhaps not simultaneous over the whole of the central Trans
antarctic Mountains. The presence of weathering horizons and sedimen
tary interbeds indicate deposition of this basalt over an extended time 
interval, the length of which is not known. This time interval evidently 
is not resolved by the K-Ar dates and does not significantly affect the 
calculated initial 87Sr/86s r ratios of the basaJ_t samples. The only 
radiometric age available for the Ki~van Escarpment Basalts is 172 ± 
10 m.y . (Sample T-1-1, K-Ar, whole-rock). 

Analytical data for tEe 13 basalt samples from the Kirwan Escarp
ment are presented in Tables 1 and 2 . Average Sr and Rb concentrations 
are compiled in Table 1. Sr concentrations range from 141.2 to 258.5 ppm, 
averaging 174.0 ppm. Rb concentrations also vary widely from 2.7 to 
18.1 ppm, averaging 9.8 ppm. There is a significant range of Sr concen
trations, but given the relatively poorer precision of the Rb analysis 
for these basalts, only the extreme values of the Rb concentrations are 
definitely significantly different . The Rb and Sr concentrations are 
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Table 1 
Whole-Rock Rb- Sr Analyses, Kirwan Escarpment 

Sample Sr , ppm Rb, ppm Rb/Sr 

BN-1 141. 2 5 .5 0.038 
-1 5.7 ± 1.0 

BN-2 155 .1 5.1 0 .033 
:!_ 4.6 _, 2.0 

B0-1 144.4 6.1 0.042 
J. 1.3 + 1.4 

B0- 3 147.5 5-9 o.o4o 
I 5.1 i 1.8 

B0-4 146.1 16.3 O.Dl 
± 4.7 ± 4.8 

B0-5 215.2 2 .7 0.013 
± 10. 3 ± 2 .0 

B0-7 157.0 2 .8 0.018 
± 5.6 ± 2.2 

B0-10 156 .7 13.1 0.084 
± 5-7 ± 3-5 

B0-13 161.4 12.9 0.080 
± 4. 9 ± 2 .7 

B0-14 164.3 12 .8 0.084 
:l: 4.5 ± 3-9 

B0-20 245 .9 15 .0 o.o61 
± 7.2 :l 2 .4 

B0-23 168. 1 18 .1 0 .108 
± 4.7 i 2.7 

T-1-1 258.5 12.0 0 .046 
± 8 .5 ± 2.9 
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Tabl e 2 

\fuole-Rock Rb-Sr and Si02 Analyses, 
Kirwan Escarpment Basal ts 

Sampl e cr87 ) 86 sr 87Rb a7sr Si02 

No. Sr 83 assr 83sr 83 sr % 
carr. initial 

BN- l 0.7027±0.0004 0. 1178 0.116 0 .7026 50.29 
0 .7032±0.0004 0 .1194 
o . 1029±0. ooo4 

BN-2 0.7036±0.0003 0.1175 0.088 0 .7034 49.51 

BO-l 0.7032±0.0005 0 .1175 0 .121 0.7030 50.22 

B0- 3 0.7044±0 .0008 0 .1179 0.117 0.7041 49.99 

B0-4 0 .7048±0.0004 0.1186 0. 31.6 0 .704o 50 .16 

B0-5 0.7o67±0.ooo6 O.ll.69 0 .026 0.7o66 50 .05 

B0-7 0.7043±0.0002 0.1196 0 .052 0.7042 49.95 

BO-lO 0.7035±0.0004 0 .1176 0.237 0.7030 51.02 

B0-13 0.7049±0 .0002 0.1191 0 .24o 0.7043 51.10 

B0-14 0. 7048±0. 0003 0.1184 0.226 0.7042 51.13 

B0-20 0 .7058±o.ooo6 0 .1193 0.177 0 .7054 49.57 

B0-23 0.705~.!:0 . 0003 0 .1185 0.3o6 0.7046 51.73 

T-l-l 0.7056±0.0002 0.1192 0.135 0.7053 50.32 
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within the range of values recorded for normal basaltic rocks (Prinz, 
1967; Engel, et al., 1965). The Rb/Sr ratios for the basalt samples 
vary from 0.009 to 0.109, averaging 0.057. These ratios are consistent 
with average values reported for normal basaltic rocks (Faure and 
Hurley, 1963; Prinz, 1967) . 

Si02 concentrations expressed as dry weight percent (%) and Sr 
isotopic data for the basalt samples from the Kirwan Escarpment are 
presented in Table 2 . SiO~ concentrations vary from 49.51 to 51.73% 
averaging 50 . 39%, and consistent with values of normal continental 
tholeiite bassalts (Manson, 1967). The present 87sr/86sr ratios range 
from 0.7029 to 0.7066, averaging 0.7046, while the initial 87sr/86Sr 
ratios range from 0.7026 to 0.7o66, averaging 0.7042 . These val ues are 
compatible with those reported for basaltic rocks elsewhere especially 
continental thoeiite basalts (Faure and Hurley, 1963; Hedge and Walthall, 
1963; Lessing and Catanzara, 1964). These data confirm previous analy
ses which indicate the presence of a Jurassic basalt province character
ized by normal initial 87Sr/86Sr ratios and Rb, Sr, and Si02 concentra
tions in western Queen Maud Land (Juckes, 1968; Faure and Elliot, 1970) . 
The Kirwan Escarpment basalts are compared to other basalts in Table 3 . 

Geochemically and with respect to the isotopic composition of Sr, 
these basalts are similar to normal continental tholeiite basalts. 
However, the range of initial 87Sr/86sr ratios is too great to be 
explained by analytical error alone, given the low Rb/Sr ratios of the 
samples. The basalt flows are either not the same age, were inhomogene
ous isotopically at the time of crystallization, or have not remained 
closed to Rb and Sr since crystallization. The l owest 86sr/87 Sr ratio 
(BN-1) was duplicated, giving it an average initial 87sr/86sr ratio of 
0.7029. 

The analytical data for the ten Kirkpatrick Basalt sampl es from 
Storm Peak in the Queen Alexandra Range are listed in Tables 4 and 5. 
The Sr concentrations range narrowly from 118.3 to 136.3 ppm, averaging 
131.8 ppm. The Rb concentrations vary from 42.8 to 86.1 ppm, averaging 
66.4 ppm. These values are in good general agreement with earlier 
Rb-Sr analyses on the Kirkpatrick Basalt and Ferrar Dolerite (Compston, 
et al., 1968; Hill, 1969; Faure, et al., 1970). The high Rb concen
trations are a peculiar characteristic of the Kirkpatrick Basalt, set
ting it apart from normal tholeiitic basalt values (Engel, et al . , 1965; 
Prinz, 1967) . Sr concentrations are lower than those of average basalt 
and continental tholeiites (Faure and Hurley, 1963; Gast, 1960) but not 
much lower than typical oceanic tholeiites (Engel, et al ., 1965. The 
Rb/Sr range from 0.350 to 0.631 and average 0 . 494. ~ese unusually 
high ratios again emphasize the anomalous chemical compositions of the 
Kirkpatrick Basalt, because tholeiitic basalts normally have Rb /Sr of 
"' 0.06. 

Si02 concentrations, 87Rb/86Sr ratios, and Sr isotopic data for 
the Storm Peak basalts are presented in Table 5. These samples are 
characterized by abnormally high Si02 contents, ranging from 55.05% to 
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Table 3: Comparison of Antar ct i c and Tasmanian Tholeiites with 
Oceanic and Hawai ian Thol eiites 

Kir lqlatri ck 
Thol ei iti c Basal t Tasmanian Oceani c 

d 
Hawaiian 

Basal t Queen Dol eri tec Tholeiites Thol eii te~e 
Queen Maud Alexandra 

Landa Rangeb 

Si02 49.2 56 .34 53 .18 49.34 49.36 
Ti02 -- 1.28 0 .65 1. 49 2 .50 

Al203 12.7 13.12 15. 37 17 .04 12 .94 
Fe203 3. 72 4. 50 0 . 76 1.99 3.03 
FeO 8.95 7.52 8.33 . 6 .82 8 .53 
MnO -- 0 . 22 0. 15 0.17 0.16 
MgO 8.93 3.54 6 .71 7.19 8.44 
CaO 9 . 51 7 .84 11.04 11.72 10.30 

N~O 2. 15 2 .34 1.65 2 . 73 2.13 
-.;J 
-.;J K2 0 0 .66 1.37 1.03 0.16 0.38 

H20 1.85 1.62 0.67 0.69 
H2C+ 0.14 0.51 0 . 45 0 . 58 
P2os 0 . 22 0 .16 0.08 0.16 0.26 
Sr 174 132 130 115 250 
Rb 10 66 33 1.2 10 
Rb:Sr 0.057 0 . 494 0.25 O.Ol 0.04 
K:Rb -- 205 200 l 4oO 500 
87Sr :86 Sr 0.7042 0.7ll3 0 . 711 0 .702 0.703 
a(Neethling, 1970; this study). 
b(Elliot, 1970; this st udy) . 
c(Hei er et al. , 1965; McDougall, 1962). 
d (Engel et al. , 1965; Tatsumat o, 1965) . 
e(MacDonal dand Katsura, 1964; Hedge and Walthall, 1963; Lessing et al. , 1963 , Heier et al. , 1964) . 



Tabl e 4 

Who l e-Rock Rb-Sr Analyses, Storm Peak 
Queen Alexandra Range 

Sample Sr, p:pm Rb, p:pm Rb/Sr 

517 134.4 68.8 0.512 
± 4.3 ± 3.5 

518 130.8 66.0 0.504 
± 4.2 ± 4.0 

519 133.8 75 .3 0.562 
± 3.3 ± 6.2 

520 136 .6 70.0 0.512 
± 4.4 ± 3.3 

521 136.3 51.8 0 .380 
± 4.4 ± 1.8 

522 118.3 42.8 0.362 
± 3.6 ± 2.8 

523 135.1 86 .1 0.637 
± 4.8 ± 2.5 

524 132.6 83.2 0.627 
± 5.2 ± 3.0 

525 130.5 67.3 0.516 
± 5.1 ± 5.8 

526 129.4 52.8 0.408 
± 5.3 ± 3.4 
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Table 5 

Whole-Rock Isotope and Si02 Analyses, Storm Peak 

Sampl e s7sr 83s r S7Rb s7sr Si02 -- -- -- --
83sr 88sr 00 Sr 86s r % 
corr, initial 

517 0.7158:1:0.0004 O.ll81 1.437 0 .7124 58.37 
0.7155±0.0002 O.ll90 
0.7161±0.0003 O.ll74 
0. 7158 1:0.0003 

518 0 . 7153±0.0002 O.ll93 1.458 0.7ll8 58.13 
0 . 7154±0 .0005 O.ll81 
0.7154±0 .0004 

519 0.7150±0.0003 O.ll85 1.540 0 .7ll4 57.61 

520 0 .7148±0 .0002 O.ll9Q 1.423 0.7123 58 .49 
0.7165±0.0005 0.1192 
0.7157±0 .0004 

521 0.7146±0.0002 O. ll93 1.013 0. 7121 57 .94 

522 0.7ll9±0.0002 0.1183 1.161 0.7091 55 .05 

523 0 .7160±0.0005 O.ll94 1 .829 0.7ll7 57.85 

524 0 . 7147±0 .0004 O.ll79 1.773 0.7106 57 .51 
0. 7148±0 .0004 O.l190 
0.7148±0.0004 

523 0 .7140±0 .0003 O.ll78 1.504 0.7103 56 . 27 

526 0 . 7136+0.0003 O.ll82 1 .169 0.7107 56.16 

332B 0.7153±0.0003 O.ll90 -- 0 . 7122 
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58.49% and averaging 57.34%. Present 87Sr / 86Sr ratios range from 0.7118 
to 0.7160, averaging 0. 7147. Initial 87Sr/86Sr ratios for these samples 
range from 0.7091 to 0. 7124, averaging 0 . 7113. These values are un
usually high for basalts, and agree with earlier analyses (Compston, 
et al., 1968; Hill, 1~9; Faure, et al., 1970). Basaltic rocks almost 
always have initial 8 Sr/86Sr ratios of 0 . 702-0.706 (Faure and Hurley, 
1963; Hedge and Walthall, 1963; Lessing and Catanzaro, 1964). Mesozoic 
continental t holeiite basalts from South America and South Africa have 
ratios of 0 . 705-0. 706 (Manton, 1968; Compston, et al., 1968). Only the 
Jurassic continental tholeiitic dolerites from Tasmania have comparable 
initial 8 7Sr/86Sr ratios (Heier, et al., 1965). 

The observed range of initial 87 Sr/86Sr ratios for the Kirkpatrick 
Basalt samples from Storm Peak is too great to be explained solely by 
analytical error. As in the case of the Kirwan Escarpment basalts, the 
Storm Peak samples must be of different age, have different initial 
87SrjSSsr ratios, or not have remained closed to Rb and Sr since crystal
lization. Time intervals of unknown length between eruptions are evident 
in the Storm Peak section, but were apparently of insufficient duration 
to be detected by the available K-Ar dates. 

All analytical data presented in this study are consistent with pre
vious data from the Kirkpatrick Basal t in this and other areas (Compston, 
et al., 1968; Hill, 1969; Faure, et al., 1970) and serve to re- emphasize 
the-quite unusual nature of these~asalts. A comparison of the chemical 
and Sr isotopic characteristics of the Kirkpatrick and other basalts is 
presented in Table 3 . 

Table 6 is a compilation of major oxide analyses for Kirkpatrick 
Basalt samples from St orm Peak (Elliot, 1969, 1970, 1971, written com
munication). Five of these basalt samples have been analyzed for Rb, 
Sr and the isotopic composition of Sr. K/Rb ratios for these five 
samples are listed in Tabl e 6 and range from 129 to 297, averaging 187, 
slightly l ower than the 2ll-314 range reported by Hill (1969) for the 
Kirkpatrick Basalt and Ferrar Dolerite in the Queen Alexandra Range . 
These ratios are consistent with others reported for Jurassic tholeiitic 
basalts from Tasmania and the central Transantarctic Mountains in 
Antarctica (Heier, et al., 1965; Gunn, 1965; Compston, et al., 1968) . 

The K/Rb ratios of these rocks are remarkably low for basaltic 
rocks . Ocean tholeiites usually exhibit K/Rb ratios of 1000- 2000 (Les
sing, et al., 1963; Gast, 1965; Tatsumoto, et al. , 1963) . Normal con
tiner.ta1 tholeiites exhibit K/Rb ratios primarily in the 400-600 range, 
the South African Karoo Do1erities and South American Serra Geral Tho
l eiites being typical examples (Erlank and Hofmeyr, 1966, 1968) . 
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Table 6 

Chemical Analyses for 12 Kirkpatrick Basalts, Storm Peak 
Section, Queen Alexandra Range 

Sampl e No. 
This study 332B 
Elliot ( 1CJ70) 27 .45 27.28 26.1 27.13 27 .17 27.22 

Si02 53.14 52 .88 57.75 57.16 57 .12 57.52 
Ti02 0 .63 1.00 1.44 11.43 1.47 0. 50 
Al203 13.98 15.88 12.23 12.84 12.30 13.78 
Fe203 4.40 5.05 3.26 6.91 2.77 6.08 
FeO 5.ll 5.21 8.93 6 .28 9.37 5.88 
MnO 0.36 0.18 0.32 0.17 0 . 32 0. 17 
Mg0 7 .58 5.24 2.78 2.75 3. 40 2 .59 
cao 9 .72 9.46 7.11 6.50 7 .92 6 . 55 
N~O 2.06 2.28 1.98 2.32 1.70 2.56 
K20 0.51 1.45 1.54 1.90 1.31 2.05 
H2 0+ 2.12 1.36 1.84 1.79 1.59 1.32 
H2o-
P20s 0.07 0.12 0.18 0 .17 0 .14 0.18 
C02 0.03 0 .08 0 .02 0.13 0 .02 0.37 
K/Rb -- -- 240 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - -
523 524 525 526 

27.36 27.41 27.51 27 .56 27 .64 27 .67 
Si02 57 .85 56.20 57.51 56.51 56 .27 56.16 
Ti02 1.05 2.33 1.40 1.48 1.40 1.27 
Al203 12.24 ll .56 12.90 13.02 13.40 13.38 
Fe203 4.75 5.56 4.13 4.00 2 .56 4. 50 
FeO 8.41 9.75 7.98 8 .23 8.65 6.48 
MnO 0.22 0.23 0.17 0.19 0.19 0.17 
MgO 2.74 2.19 2.67 3.00 3.51 3.98 
CaO 7.00 6 .40 7.66 8.42 8.59 8 .79 
N~O 2.70 2 .70 2.62 2 .36 2.52 2.26 
K2 0 1.07 2 .05 1.08 0 .92 0.98 1.57 
H20+ 1.55 1.29 1.65 1.85 1.76 1.30 
H2 0- -- -- 0.43 0 .67 0.36 0.58 
P20s 0.20 0.26 0.167 0.158 0.158 0.141+ 
C02 0.01 0.02 0.02 0.01 0 .02 0.06 
K/Rb 124 -- 130 -- 146 297 

Source: Elliot (1969, 1970, 1971). 
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Chemical and Sr I sotope Homogeneity 
within the Kirwan Volcanics 

The extent of geochemical and Sr isotopic homogeneity over a dis
tance of a few inches in flow No . 6 at the Kirwan Escarpment can be 
inferred from analytical data from powders of two di fferent hand speci
mens of sampl e B0- 14. These data are l isted in Table 7 . The results 
for the two sampl es are statistical)¥ indistinguishable . Homogeneity 
over a ten-meter stratigraphic interval in this same flow can be esti
mated by comparison of samples B0-13 and B0- 14. Analytical data for 
these sampl es are al so statistical]¥ indistinguishabl e . 

Significant lateral variation in the isotopic composition of Sr 
may be indicated on a large scale (on the order of kilometer s) by data 
from samples BN-1 and T- 1-1 . Sampl e T-1-1 was collected 25 km ENE of 
Mountain "B" at Tunga near the base in the second flow of the Kirwan 
Escarpment, whil e BN-1 was collected from the second flow at Mountain 
"B" . The val ues of the initial ff7 Sr / 00 Sr ratio are quite different. 
It is not known whether or not these tvTO flows are in fact equivalent, 
and much more fiel d correl ation and Sr isotope analyses are needed to 
determine the extent of homogeneity of the Sr isotope composition with 
the basal t sequence on the Kirwan Escarpment . 

Table 7 

Small-Scale Homogeneity within Flow 6, 
Kirwan Escarpment 

Analysis B0-14a 

Ysr* 1.0826 ± 0 . 0160 

YRb 0.4445 ± 0 .1665 

Rb/Sr 0.080 ± 0 .022 

Si02 51.16% 

87srjel3sr 0.7046 ± 0 .0003 

(

Sri<a net ) 
MoKa. compton Spl. 

*Y -Sr - Srl<a net 
MoKQ compton Std. 
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B0-14 
b 

l. 0910 ± 0 . 0290 

0.4678 ± 0 .1127 

0 .076 ± 0 .013 

51 .09% 

0 .7049 ± 0 . 0003 

Di ff . 

0 .0084 

0 .0233 

0.004 

0 . 07% 

0.0003 



Comparison of the Kirwan Escarpment and 
Kirkpatrick Basalt Suites 

A comparison of the analytical data in Tables l-2 and 4-5 indicate 
the existence of significant differences between the Kirwan Escarpment 
basalt suite and the Kirkpatrick Basalt sequence at Storm Peak and con
firm the conclusions of Faure and Elliot (1970) and Faure, et al. (1970) 
that two distinct Jurassic basalt provinces exist on this -continent. 
The chemical and Sr isotopic characteristics of these two basalt suites 
are illustrated and contrasted in a series of plots of chemical param
eters and 87Sr/86 Sr ratios. 

The first obvious difference between the two sequences is their 
greatly different initial 87Sr/86Sr ratios, graphically summarized in 
the frequency diagram of Figure 5o 

Figure 6 is a plot of the initial 87Sr/86 sr ratio versus the Si02 
concentration for the basalt samples from the Kirwan Escarpment and 
Storm Peak. The two basalt sequences form two widely separated and 
distinct data clusters within the diagram. 

The initial 87Sr/86Sr ratios for the basalt samples from the Kirwan 
Escarpment do not seem to be related in any systematic manner to Si02 
content. Three of the samples have initial 87Sr/S6sr ratios greater 
than 0.7050, however these samples do not have abnormally high Rb/Sr 
ratios. Sample B0-5 has the highest initial 87Sr/86sr ratio (0.7066) 
and the lowest Rb/Sr ratio (0 .009) . Variations in both parameters are 
significant and indicate that the individual flows of the basalt sequence 
have either been derived from different sources with respect to the 
isotopic composition of Sr and subsequently differentiated to varying 
degrees, or have been subjected to varying degrees of contamination 
during ascent from the source area, or both. 

The Kirkpatrick Basalt samples from Strom Peak show a positive, 
well-developed correlation of the initial 87Sr/86sr ratio and the Si02 
content. This is the most significant and striking geochemical and Sr 
isotope characteristic of the Kirkpatrick Basalt to arise from this 
study. 

Two facts cannot be overemphasized . First, the initial 87sr/S6Sr 
ratios of these samples are significantly different and cannot be attrib
uted solely or even primarily to analytical error or age differences 
between flows. Second, no known physical process associated with mag
matic differentiation has ever been demonstrated to fractionate isotopes 
of Sr within the magma, the crystallizing phases, or between l iquid and 
solid phases. If differentiation processes were solely responsible for 
the observed range of Si02 concentrations in the Storm Peak Kirkpatrick 
Basalt samples, no correlation between the initial 87srj86sr ratio and 
the Si2 content should exist. If the basalt magma was originally iso
topically homogeneous and had remained closed with regards to Rb and Sr 
since time of crystallization, the initial 87Sr/86 Sr ratios of the 
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basalt flows, regardless of Si02 content or other geochemical parameter, 
should be identical, within analytical error. 

The presence of the Si02 - initial 87 Sr jf=13s r r atio correlation in 
the flow sequence at Storm Peak confirms the preliminary discovery of 
such a correlation by Faure, et al. (1970). A combined plot of samples 
analyzed in this project and those analyzed by Faure, et al. (1970) 
from the same stratigraphic section at Storm Peak is shown-in Figure 7. 
It is apparent from this plot that, a lthough each set of analytical 
results exhibits a distinct and well-developed positive correlation, the 
slopes of the two lines are different. The different sets of samples 
apparently are not related in any systematic stratigraphic or chemical 
manner, so it is believed that the differences in slopes are due to a 
systematic analytical error in the determination of the Rb/Sr or 
87Sr/86 sr ratios for one of the suite of samples. Duplication of 
analyses is in progress and we expect to be able to reconcile the two 
sets of data. 

Other geochemical and Sr isotope correlations exist within the 
Storm Peak basalt sequence. Plots of the K2 0, N~O, CaO, and MgO con
tent and the initial 87 Sr/86sr for five basalt samples from different 
flows at Storm Peak are shown in Figure 8. Good positive correlation 
of the initial 87 Sr / 86 Sr and K2 0 content is present, with some scatter. 
A good negative correlation of the initial 87Sr/86sr and CaO, and a 
less well-defined negative correlation with MgO, is also found. No 
systematic relationship seems to exist between the initial 87Sr / 86sr 
ratio and N~O content. These correlations are based on only five 
samples and so are preliminary in nature, but they confirm those found 
by Faure, et al. (1970) in other Kirkpatrick Basalt samples from Storm 
Peak. 

These correlations of the initial 87sr/86Sr ratio with K2 0, MgO, 
and CaO are geochemically consistent with previously discussed positive 
correlations with Si02 to the extent that CaO and MgO are both segre
gated from K2 0 and Si02 in normal igneous processes. It is apparent 
that whatever processes are enriching the Storm Peak basalt samples in 
K2 0 and Si02 and depleting them in MgO and CaO are also enriching these 
samples in radiogenic 87sr. 

These correlations are qu ite significant, because as emphasized 
previously, no magmatic differentiation process is known to fractionate 
Sr isotopes. If the observed variations in K2 0, MgO, and CaO concen
tration vrere due solely to differentiation processes, there would be no 
correlation of the initial 87 s r / 86sr ratio with these parameters, pos i
tive or negative. 

Figure 9 is a plot of Rb versus Sr concentrat ion, in which the 
great geochemical separation of these two suites is again illustrated 
by a total lack of overlap of Rb and Sr values. These differences in 
Rb and Sr concentrations are similar to those found by Faure , et al. 
(1970) for basalt from western Queen Maud Land and from the Trans~ 
antarctic Mountains. 
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From the previous discussion, it is clear that the basalt sequences 
from the Kirwan Escarpment and Storm Peak are distinctly different in 
terms of Si02 , Rb, and Sr concentrations, and the Rb/Sr and initial 
87Sr/86Sr ratios. The Kirwan Escarpment basalts are characterized by 
chemical compositions and Sr isotope ratios typical of basaltic rocks 
(Lessing, et al ., 1963; Faure and Hurley, 1963; Engel et al., 1965; 
Gast, 1965): ~ere is significant variability of values for the above 
parameters in the basalt samples from this sequence of flows but no 
definite systematic relationships between them are exhibited. 

In complete contrast, the Kirkpatrick Basalt flow sequence on Storm 
Peak is characterized by high Si02 , Rb, and K2 0 contents, low MgO, CaO, 
and Sr contents, low K/Rb r atios, and high Rb/Sr and initial 87Sr/86Sr 
ratios. These characteristics ar e completely atypical for normal basalts 
and continental tholeiites (Heier, et al., 1965; Compston, et al., 1968; 
Hill, 1969; Faure, et al., 1970). In addition, definite and significant 
correlations exist between the initial 87Sr/86sr ratio and Si02 , K2 0, 
cao, MgO, and Rb contents. 

In order to gain insight into the orlg1n of these two suites of 
basalts, and in particular to investigate the peculiar characteristics 
of the Kirkpatrick Basalt at Storm Peak, it is instructive to examine 
the variations of the chemical and isotopic compositions of Sr within 
each sequence of flows. 

In the preliminary investigation of the Storm Peak basalt samples, 
Faure, et al. (1970) noted that there was a systematic relationship 
betweenthevalue of the initial fflsr/86 ratio, the Si02 content, and 
stratigraphic position within the flow sequence; the initial 87Sr/86Sr 
ratio and Si02 content decreased from the bottom of the sequence toward 
the top. Analyses of ten additional basalt samples in this study make 
possible a plot of initial 87 Sr / 86Sr ratio vs . stratigraphic position 
in the section at Storm Peak. This plot is shown in Figure 10 . It can 
be seen that three cycles appear to be present . The cycles are marked 
by discontinuities in the initial 87Sr/86sr ratio and have been numbered 
from the bottom up: cycle I includes flows 2-4, cycle II includes flows 
5-10, cycle III includes flows ll and 12. The extent of the development 
of these cycl es varies, with cycle II being most complete. Flow 2 forms 
most of the stratigraphic thickness of Cycle I. There is some variation 
of the initial 87Sr/86Sr ratio within this flow which conforms to the 
general decrease in this ratio for the cycle as a whole. Most of this 
apparent variation is not real, however, but is probably due to analyti
cal uncertainty. 

The Sr isotope data from this study confirms the general conclusion 
resulting from the earlier data of Faure, et al. (1970), but indicate 
that the situation is more complicated becausethere are major discon
tinuities in the initial 87s r / 86 Sr ratio. The presence of these cycles 
may indicate (1) change in magma source area , (2) periods of quiescence, 
(3) changes in rate of magma ascent, or discontinuities of magma develop
ment. The flow separating cycles I and II contains logs (Elliot, 1969, 
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1970) which indicates a period of g_uiescence of unknown length. The 
flow contact between cycle II and III is covered, and has not yet been 
examined. Whatever the cause for these Sr-isotope discontinuities and 
resultant cycles, it must again be emphasized that the significant 
variation of the initial 87Sr/86Sr within each cycle and the discontin
uities bounding the cycles cannot be explained by processes of magmatic 
differentiation alone. 

Because of the presence of the three volcanic cycles, the initial 
87Sr/86Sr ratios basalt from cycles I and II were replotted versus their 
Si02 contents. Since the hypothetical cycle III is defined by only one 
sample, it was omitted. The plots for cycle I and II are shown in Fig
ure ll. The correlation of the initial 87Sr/86Sr ratios with Si02 
within each cycle is striking. The differences in slope for each cycle 
are also significant. The explanation of this phenomenon is not yet 
clear. 

The discontinuities in the initial 87Sr/86Sr ratio of the basalt 
seg_uence at Storm Peak is also reflected by other geochemical parameters 
with which the initial 87sr/86sr ratio bas been shown to display some of 
correlation. Figure 12 is a plot of Rb, Sr, and Si02 concentrations for 
samples from this study plus the six samples analyzed by Faure, et al. 
(1970) vs . position within the stratigraphic section of the samples-.
Tbe lines connecting each sample position on the diagram are only 
intended to assist in the visualization of the mutual relationships of 
these parameters and do not imply that there is continuous variation 
of these parameters between the flows. Several striking facts are 
apparent . 

Rb, Sr and Si02 content all reflect the presence of the three 
cycl es by major discontinuities in their respective concentrations. 
The stratigraphic positions of the discontinuities indicated by Rb and 
Si02 are very nearly coincident with those defined by the initial 
87 Sr/86Sr ratios. Figure 13 is a plot of N~O, ~0, MgO, and CaO con
centration vs. sample position within the Storm Peak stratigraphic sec
tion. The two discontinuities are g_uite clearly shown by K2 0, CaO, 
MgO, and less well by N8..20· The coherent variation of the CaO and MgO 
content is well developed as expected from the geochemical behavior of 
Mg and Ca. The K2 0 concentrations are coherent with Si02 and Rb con
centration variations and moderately consistent with variations in the 
initial 8 7 Sr/86sr ratio, with some exceptions. No easily identifiable 
systematic variation exists in N~O content within the stratigraphic 
section. Nevertheless, a f a irly well-developed expression of the geo
chemical discontinuity between cycles I and II can be seen in the N~O 
content. 

The Rb/Sr ratios also reflect the presence of three cycles, as 
shown in Figure 14. Since no systematic relationship exists between 
the Rb/Sr ratio and the initial 87sr/86Sr ratio, it is surprising that 
a cyclic increase of Rb/Sr ratio exists . However, except for variations 
between flows 7, 8, and 9 of cycle II, there is no significant difference 
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in the Rb/Sr ratios of flows within each cycle, at the 95 percent confi
dence level. Significant changes do occur at the discontinuities . 

Plots of analytical results vs. sample position within the strati
graphic section for the Kirwan Escarpment basalt sequence are shown in 
Figures 15 and 16. Figure 15 is a plot of the initial ff1srjf!l3sr ratio 
vs. stratigraphic position. Sample T-l-1 was taken from the sequence 
at Tunga, 35 km E-NE from Mountain "B". T-l-1 is shown on the Mountain 
"B" section at its relative stratigraphic position in meters above base 
of flow sequence. The initial ff1srjf!l3sr ratio of these samples display 
some variation up section. The variation i n this ratio is real, but 
seemingly no major discontinuities exist in this basalt sequence, in 
contrast to the Kirkpatrick Basalt on Storm Peak. 

Figure 16 is a plot of Rb, Sr and Si02 content versus stratigraphic 
position for the Kirwan Escarpment basalt samples. Again, the only sig
nificance of the lines joining points on the graph is to assist in 
visualizing the mutual relationships of these chemical parameters, and 
does not imply continuous variation between samples. There is no 
readily apparent discontinuity at any stratigraphic position in this 
section. 

Summary 

On the basis of data presented in the previous discussion, the fol
lowing characteristics of the Kirkpatrick Basalt at Storm Peak and the 
Kirwan Escarpment basalt can be noted: 

l. The Storm Peak basalts are characterized by unusually high Si02 , 
Rb, and K20 contents, low MgO, CaO, and Sr contents, abnormally high 
initial 87srjf!l3sr and Rb/Sr r atios, and low K/Rb ratios . These values 
are completely atypical of normal basaltic rocks . 

2. In contrast, the basalts at the Kirwan Escarpment are charac
terized by initial 87Sr/86Sr ratios and Rb , Sr, and Si02 concentration 
values more typical of normal continental tholeiites . 

3. The Storm Peak basalt samples show significant and well-defined 
positive correlations of the initial 87Sr/86sr ratio with K20, Rb, and 
Si02 , and negative correlation of this r ati o with Mg0 and CaO . 

4. In complete contrast, no definite correlation of the initia l 
B7Srj86sr ratios of the basalt samples from the Kirwan Escarpment with 
Rb, Sr, or Si02 content exists. 

5. Both basalt sequences were initially inhomogeneous with respect 
to the isotope composition of Sr, or have been open Rb and/or Sr since 
time of crystallization. 
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6. All analytical data for the Kirkpatrick Basalt samples from 
Storm Peak indicate the existence of significant chemical discontinuities 
at certain well-defined stratigraphic positions within the flow-sequence 
which define two, and possibly three, different cycles of eruption. Com
plicated by these discontinuities, the Si02 contents and the initial 
87sr/86 Sr ratios decrease up the section in each of the cycles. 

7. The analytical data for the Kirwan Escarpnent basalt samples 
indicate no well-defined and consistent chemical discontinuities. The 
initial 87Sr / 86 Sr ratio oscillates in value up section. The Sr concen
tration may also vary coherently with the initial 87Sr / 86Sr, but no 
precise relationship can be determined a t this time. 
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