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A b s t r a c t : T h r e e different m a g m a t i c associations mani fes t ing t h e t h r e e 
successive stages of t h e Aleut ian I s land arc evolut ion a r e dis t inguished 
a n d s tudied on t h e K o m m a n d o r s k i e I s lands in its w e s t e r n m o s t segment. 
These a r e : 1) basa l t-Na-rhyol i te (Pj); 2) basal t-doler i te, suba lka l ine 
(Nj 1 " 2 ); 3) d ior i te-granodior i te (N 3

2 ) . A detai led petro-geochemical and 
radiological data , i n c l u d i n g 1 / l 3 Nd/ 1 4 ' 'Nd a n d 8 7Sr/ 8 ( iSr isotopic rat ios, a r e 
presented for all of t h e m . Pl io-Pleis tocene volcanics of andes i te associa­
tion (N32—Q4) w h i c h a r e a b u n d a n t w i t h i n the eas t-centra l segment of t h e 
Aleut ian a r c a r e complete ly lacking in t h e K o m m a n d o r s k i e I s lands . 
P r o b l e m s of m a g m a genesis in l ight of Nd, Sr isotopes and R E E p a t t e r n s 
a r e discussed. It is s h o w n t h a t all t h e K o m m a n d o r s k i e p a r e n t a l mel ts 
were of m a n t l e origin and the i r sources r e m a i n e d isotopically homoge­
neous t h r o u g h o u t t h e whole geological his tory of t h e Aleut ian arc. Nd 
and Sr isotopic t r e n d s indicate t h e subs tant ia l crus ta l c o n t a m i n a t i o n of 
basal t ic melts formed d u r i n g t h e ear ly evolut ional stages of t h e Aleut ian 
Is land arc w i t h pract ica l ly negligible involvement of sed iments covering 
t h e d o w n t h r u s t i n g oceanic s lab. W e believe t h a t t h e differences in m a g ­
m a t i c evolut ion of t h e w e s t e r n (the K o m m a n d o r s k i e Is lands) and t h e 
eas t-centra l (the A l e u t i a n I s lands a n d Alaska Peninsu la) segments of t h e 
Aleut ian arc a r e d e t e r m i n e d by t w o factors : 1) l a te ra l composi t ional 
heterogenei ty and differences in th ickness of t h e arc crust r e l a t e d to t h e 
t r a n s i t i o n from oceanic into cont inenta l type; 2) var ia t ions in d e p t h s of 
m a g m a t i c sources defined in t u r n , by re la t ive ra tes of p la te convergence, 
th ickness and incl inat ion of oceanic slab dur ing subduct ion. 

Pe3K>Me: B cainoň 3anaflHOH nacTH KoMMaHflopcKiix OCTPOBOB BbiflcraiOTCii n H3V-
naioTCH Tpn pa3Hbie MarinaTHHecKwe accounamra, npoflBuxiomHe TpH nocne/iOBa-
TeJibHtie CTajow SBOJHOUHH aneyTCKOH ocTpoBHoň jxyrw. 1) 6a3ani>T-Na-pno.nnTOBa5i 
(P 3); 2) 6a3ajibT-,noJiepHTOBafl, jaBecTKOBO-mejioHHaa ( N ^ 2 ) ; 3) ;rnopnT-rpaHo,ano-
pnTOBa« (N;)). J\sm Bcex npeflcraBJieHbi jjeTanbHbie neTpo-reoxjrMHHecKHe H paflHO-
jiorHHecKHe flaHHbie, BKinonaa MOTonHbie OTHOiuemoi 1 4 3 Nd/ 1 4 4 Nd H 87Sr/86Sr. 
njiHO-nneifcTouenoBbie ByjiKaHHTbi aHfle3MTOBoli accounaunn (N|j — Q4), KOTopwe 
nacTo BCTpenabOTCH B npeaenax BOCTOMHO-ueHTpajibnofl Mac™ aneyTCKoii .ayra, 
nojiHOCTbra OTcyTCTByioT na KoMMaHaopCKHX ocTpoBax. 06cy>KflaK)TCH npoSneMbi 
reHe3Hca MarMbi B CBeTe H30TonoB Nd, Sr H o6pa3uoB peflK03eMeJibiibix ajieMCHTOB. 
noKa3aHO, HTO Bee KOMMaH/jopcKHe nepBHHHbie pacnjiaBbi 6brnn MaHTHHHoro 
npoHcxo)KfleHHa n HX HCTOHHHKH ocTajiHCb nJiyTOHHiecKH roMOreHHbiMH Mepe3 
uejiyio reoJiorHHecKyro HCTopHbo ajieyTCKoň Äyra. M30TonHbie TeHflenuMH Nd H Sr 
noKa3biBaK3T cymecTBeHHyio KopoByjo KOHTaMnnaunK> 6a3ajibTOBbix pacrmaBOB 
o6pa30BanHbix BO BpeMfl panHKX SBOJHOUHOHHUX CTa/rtfií ajieyTCKoli OCTPOBHOH flyrit 
c npaKTHiecKH He3HaHHTeJibHbiM BKJiKJneHHeM oca^KOB, noKpbiBaromHX HHCXOAH-
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myra 0KeaHH4ecKyro njiHTy. M M ayMaeM, HTO pa3JiK4Hfl B MarMaTHnecKoň DBOJIIOUKH 
3anaflHoíi (KoMMaHflopcKKe ocTpoBa) H BOCTOHHO-ueHTpanbHoit (AjieyrcKHe ocxpoBa 
H AJIHIIICKKÍÍ nonyocTpoB) HacTeít aJieyxcKoií Ayru onpeAenHioTCH p,nyMsi <i>aKTopa-
MH: 1) JiaxepanbHOH KOMn03HĽ(HOHHOH HeOflHOpOAHOCTbK) H OTJIHHIWMH B MOUJ-
HOCTH ayroBoři KopH CBH3aHHoň c nepexoAOM oKeaHHnecKoro B KOHTHHeHTanbHbiH 
T M I ; 2) Bapnau,HHMH B rnySroiax MarMaTiwecKHX HCTOHHHKOB onpeneneHHbix no 
OiepeAH, OTHOCHTeJlbHMMH CKOpOCTHMH KOHBepreHUHH njIHTbl, MOIUHOCTbK) H Ha-
KHOHOM oKeaHHHecKoří XIJIHTM BO BpeMH cyÔAyKUHH. 

Introduction 

A fundamental problem of creation and evolution of continental crust can 
undoubtedly by considered as one of the most important in the up-to-date 
petrology. One of the widely accepted and from our point of view sufficently 
well-argumented concept is that continental crust is formed at active continental 
margins or close to them and aftewards undergoes some complex transfor­
mations with the decisive role played by juvenile material in form of magmatic 
melts and fluxes. Each new stage of such crustal transformation is manifested 
by appearance of a compositionally specific magmatic associations (magmatic 
formations). Thus the latter could be used as tracers of successive tectono-
-magmatic stages in the evolution of the Earth lithosphere. 
' That is why the overgrowing interest of the world-wide Earth scientists 
community is attracted to geological and petrological investigations in island 
arcs as parts of perioceanic mobile belts including radiological dating and 
petro-geochemical comparative analysis of various magmatic associations com­
posing them. 

In this paper magmatic rocks of the Kommandorskie Islands in the western­
most flank of the Aleutian arc will be described in detail. For the first time 
in that region the authors distinguished and studied three spatially and tem­
porally descrete magmatic associations, which have counterparts in other seg­
ments of the Aleutian arc. Patterns of magmatic evolution within ensimatic 
and ensialic parts of the Aleutian arc are then briefly discussed. 

Geological and tectonical setting 

The Aleutian island arc 3200 km long and 125—235 km wide (average 165 km) 
with 1200 km radius of curvature is one of the greatest island arcs of the Pa­
cific. It has a clear-bended shape and stretches out from Alaska and Kenai 
Peninsulas in North America nearly to Kamchatka being separated from the 
latter by a deep (more than 3000 m) and wide (more than 200 km) channel 
(Fig. 1). To the south sweeps the Aleutian Trench with depths often exceeding 
7000 m and to the north — the Bering Sea Basin with depths over 4000 m. 
The eastern part of the Aleutian islands comprising Umnak, Unalaska, Unimak 
and Bogoslov is set within the American continental shelf while its central 
part is bisected by submarine Bowers PMge with depths less than 1000 m. 

Kommandorskie Islands are in the westernmost flank of the Aleutian arc. 
There are four of them: Bering, Medny, Toporkov, Árii Kamen. The first two 
are the largest, correspondingly 85 and 54 km on longer axis. The islands are 
stretched according to the arc strike and are build mainly of Paleogene-Neogene 
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volcanic-sedimentary rocks dissected by a series of t ransversal faults wi th a mag­
nitude of displacement usually less then 100—200 m (Z h e g a 1 o v, 1964; 
S c h m i d t , 1978). 

The geological s t ructure of the Kommandorskie Islands and adjacent areas 
was described and discussed by M o r o z e w i c h (1912, 1925); P u s c h a -
r o v s k i (1963); Z h e g a l o v (1964); E g i a z a r o v (1969); K a z a k o v a 
(1976); S c h m i d t (1978); S e r g e e v et al., (1983). In these works most 
of the a t ten t ion was d rawn to s t ra t igraphy and tectonics, while the papers 
summariz ing penological and geochemical data on igneous rocks have appeared 
only recently ( B o r s u k - f s v e t k o v , 1980; T s v e t k o v , 1982; B o r s u k 
et al., 1982). 

Total thickness of the crust beneath Kommandorskie Islands reaches 20—25 
km ( S c h m i d t , 1978). No "grani t ic-metamorphic layer" is distinguished there, 
though its existence at the eastern flank of the Aleutian arc in the vicinity 
of Kodiak Island and further eas tward under Alaska Peninsula, is a well esta­
blished fact ( S c h o l l et al., 1975). Recent radiological dat ing of Komman­
dorskie Islands igneous rocks together with information provided by l inear 
magnetic anomalies of the adjacent oceanic floor suggest that the formation 
of the Aleutian submar ine ridge began in Late Cretaceous — Early Paleogene 
time, though it seems likely that the initial deep-seated fault which lately 
became a magmat ic feeder channel was formed even earlier - in Lover Creta­
ceous t ime ( S c h o l l et al., 1975). Current geophysical research has evidenced 
that the acoustic basement to the nor th and to the south of Kommandorsk ie 
Islands is oceanic crust, apparent ly , of Late Cretaceous age from the Bering 
Sea side and of Paleocene or somewhat older age from the Pacific side 
( N a u g l e r — R e a , 1970). 

It should be emphasized that the Aleutian ridge wi thin its Kommandorskie 
segment was also formed on the oceanic crust, f ragments of which represented 
by peridotitic, pyroxenit ic , gabbroic, and jasperit ic inclusions are sometimes 
found in the initial tholeiitic basalts of the Kommandorsk ie Islands ( T s v e t -
k o v—S c h m i d t, 1982). Rather well-preserved radiolar ian microfauna in jas­
peritic rocks from Bering Islands was dated by S c h m i d t (1978) as Upper 
Cretaceous. S u p r u n e n k o (1976) having summarized DSDP Leg 19 results 
showed t ha t the occurrence of shallow-sea sedimentary fades among Middle-La­
te Eocene deposits of Meiji guyot proves tha t the la t ter was not yet completely 
submerged at 38 m. y. b. p. It seems likely tha t the data 38 m. y. corresponds 
to the t ime boundary when Eastern Kamcha tka and submar ine Obruchev Rise 
still composed uniform morphos t ruc ture . Later a considerable subsidence of the 
oceanic floor took place, apparent ly , re lated to the formation of a deep-seated 
fault which in tu rn could be counted as an embryo of the Aleutian Trench. 

Fig. 2. Map of Kommandorskie Islands magmatic associations. Compiled by T s v e t-
k o v, included are data of S c h m i d t . 

Explanations: A — Bering Island, B — Medny Island. 1 — recent lacustrine deposits: 
2 — Quaternary diluvial-proluvial deposits; diorite-granodioritic volcano-plutonic 
association (AiN^); 3 — andesitic and andesite-dacitic lavas; 4 — dykes; 5 — grano-
dioritic intrusions with aplitic veins; 6 — tonalitic and quartz-dioritic intrusions; 
basalt-dolerite subalkaline association (sáTV-2); 7 — subalkaline basalts, 8 — trachy-
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basaltic and teschenitic sills; 9 — trachybasaltic and teschenitic dykes; basalt-Na-
-rhyolite association (<SAP3); 10 — Na-rhyolitic and Na-rhyodacitic lavas and pyro-
clastics (a), hypabyssal intrusions (b); 11 — basaltic lavas and pyroclastics (a), dykes 
(b); sedimentary and volcano-sedimentary rocks; 12 — polyfacial deposits of Nickol-
skaya suite; 13 — Kommandorskaya series: A — Preobrazhenskaya suite, B —• Ga-
vanskaya suite, C — Gavrilovskaya suite, D — Poludennaya suite; 14 — faults: a — 
traced, b — assumed; 15 — unconform stratigraphic boundaries. 
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Nearly similar radiological values — 
38—40 m. y. a re believed to represent 
the t ime of generat ion of the Kurile 
Trench ( S u p r u n e n k o , 1978). 

In a whole the results of geological 
and petro-geochemical investigations 
of Kommandorskie Islands magmat ic 
rocks including their radiological dat­
ing (Tab. 1), led us to the definition 
of three spatially and temporal ly dis­
crete magmatic associations: 1) basalt-
-Na-rhyoli te (P3); 2) basalt-dolerite 
subalkaline (N 1-2V 3) diori te-grano-
diorite (Nj3—N21). Their spatial distri­
bution is shown on a m a p of magmat ic 
formations (Fig. 2). Chemical analyses 
of rocks and rock-forming minerals 
a re presented in Tables 2—5. 

Basalt-Na-rhyolite association 

Time limit when the Aleutian Trench 
and the adjacent ridge were formed 
is specified b y basal t-Na-rhyoli te asso­
ciation. It is of a bimodal type and 
comprise basalts, Na-rhyoli tes and Na-
-rhyodacites. Spatial distr ibution and 
volumes of basic and acid members 
significantly varies. Dredging at the 
slopes of the Kommandorskie Islands 
showed wide occurrence of basalts 
contrary to the subaerial par ts of the 
islands were Na-rhyolites distinctly 
predominate . 

Basalts make up lava flows, layers 
of tuffs and tuff-breccia cut by nume­
rous basaltic dykes and a few stocks 
(up to 1000 m2) of medium-gra ined 
gabbronori tes and gabbro. Occurring 
in basalts are inclusions of ultrabasic 
rocks: spinel peridotites and pyroxeni-
tes (Ts v e t k o v—S c h r n i d t, 1982). 

Basalts a re usually porphyric in t ex­
ture . Phenocrysts (30—40 vol. %) a re : 
plagioclase (Aneo-cs), augi'te (Ca.!8_/,o 
Mg/i5_/,nFei2„|/„ f* = 20—24) and bron­
zite (see Tab. 2). Dur ing al terat ion feld­
spar is often replaced by carbonates, 
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T a b l e 2 
Clinopyroxenes from Kommandorskie Islands magmatic rocks 

Basal t-plagiorhyol i t ic association 

Basa l t s Plag iorhyol i tes 

SiO, 
T i 0 2 
A1 2 0 3 
FeO 
M n O 
MgO 
CaO 
N a 2 0 
Total 

Si 
AI (IY) 
AI (VB 
Ti 
Fe 
Mn 
Mg 
Ca 
Na 
CaSiO, 
MgSiOT 
FeSiO-, 
f 

1 

52.61 
0.27 
3.50 
7.79 
0.19 

17.05 
17.97 

0.33 
99.83 

1.93 
0.07 
0.09 
0.01 
0.24 
0.01 
0.92 
0.71 
0.02 

37.9 
49.2 
12.8 
20.7 

2 

52.98 
0.33 
4.02 
7.50 
0.16 

15.78 
18.41 

0.33 
99.68 

1.95 
0.05 
0.12 
0.01 
0.23 
0.01 
0.88 
0.73 
0.02 

39.7 
47.8 
12.5 
20.7 

3 

53.56 
0.21 
3.12 
7.02 
0.19 

15.27 
18.27 

0.35 
98.09 

1.99 
0.01 
0.13 
0.01 
0.22 
0.01 
0.87 
0.73 
0.03 

40.1 
47.8 
12.1 
20.2 

4 

53.06 
0.25 
2.63 
8.90 
0.27 

16.36 
18.54 

0.21 
100.26 

1.95 
0.05 
0.06 
0.01 
0.28 
0.01 
0.90 
0.73 
0.01 

38.2 
47.1 
14.6 
23.7 

5 

53.19 
0.25 
3.23 
8.18 
0.22 

15.25 
18.55 

0.23 
99.25 

1.96 
0.04 
0.10 
0.01 
0.27 
0.01 
0.84 
0.75 
0.02 

40.3 
45.2 
14.5 
24.3 

6 

52.05 
0.11 
1.47 
5.00 
0.15 

18.21 
22.29 

0.25 
99.53 

1.95 
0.05 
0.01 
0.01 
0.15 
0.01 
0.95 
0.85 
0.04 

43.5 
49.0 

7.5 
13.6 

7 

52.23 
0.10 
1.53 
5.78 
0.12 

18.10 
21.39 

0.24 
99.49 

1.91 
0.09 
— 
0.01 
0.18 
0.01 
0.96 
0.84 
0.02 

42.4 
48.5 

9.1 
15.8 

chlorite, epidote and zeolites. Groundmass is usually completely chloritized and 
includes, besides microli ths of plagioclase and cl inopyroxene numerous needles 
of green hornblende. Magneti te, i lmenite and apat i te a re common accessories. 
Cavities in amygdaloidal basalts a n d in volcanoclastic rocks are filled wi th 
calciite, quartz, zeolites a n d chlorite with sometimes found dendrites of native 
copper. Basaltic dykes and small intrus ive bodies also contain magnes ian horn­
blende indicative of a hydrous conditions in p r i m a r y silicate melt. 

Major-element analyses along with distr ibution pa t te rns of Co, Ni, Cr, V, 
Sr and Zr show close correspondence of Medny Island initial basic rocks with 
initial tholeiitic basalts of m o d e r n island arcs, such as Tonga-Kermadek, or 
Marianas (M e i j e r, 1982; E w a r t — B r y a n, 1973; G i l l , 1970), though 
epimagmatic processes caused a considerable variabil i ty in concentrat ions of 
Fe'-f, Fe 3 + , Mg, Ca and Na. With respect to basaltic and gabbroic rocks of the 

„ „ . , , Fe 2 h . 100 
* Fe index, t = —• -— a+ o„ 

Fe-ř + Mg^ a l " ° 
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1st continuation of Tab. 2 

Basalt-trachydoleritic association 

Subalkaline basalts 

8 9 10 11 12 13 

53.56 53.74 53.87 52.29 50.99 51.26 
0.24 0.21 0.19 0.31 0.55 0.38 
2.36 1.99 2.18 3.93 3.55 2.77 
5.90 5.61 5.32 7.30 11.55 10.80 
0.20 0.18 0.20 0.22 0.31 0.32 

16.70 16.66 16.87 16.16 15.15 16.56 
21.35 21.29 21.70 19.96 17.95 17.42 

0.24 0.25 0.26 0.36 0.53 0.50 
100.55 99.93 100.59 100.50 100.58 100.01 

1.95 1.97 1.96 1.91 1.88 1.89 
0.06 0.03 0.04 0.09 0.12 0.11 
0.05 0.06 0.05 0.08 0.03 0.01 
0.01 0.01 0.01 0.01 0.02 0.01 
0.18 0.17 0.16 0.22 0.36 0.33 
0.01 0.01 0.01 0.01 0.01 0.01 
0.90 0.89 0.89 0.88 0.83 0.91 
0.83 0.84 0.86 0.78 0.71 0.69 
0.02 0.02 0.02 0.02 0.04 0.04 

43.5 44.2 45.0 41.5 37.4 35.8 
47.1 46.8 46.6 46.8 43.7 47.2 

9.4 8.9 8.4 11.7 18.9 17.0 
16.7 16.0 15.2 20.0 30.3 26.6 

Subalkaline gabbro 

14 15 16 

52.52 52.03 52.44 
0.31 0.39 0.25 
2.72 3.55 2.28 
8.39 6.40 8.40 
0.19 0.22 0.22 

16.37 15.63 15.88 
18.80 18.72 18.27 

0.14 0.05 0.23 
99.52 99.11 98.03 

1.94 1.93 1.97 
0.06 0.07 0.03 
0.06 0.09 0.07 
0.01 0.01 0.01 
0.26 0.26 0.26 
0.01 0.01 0.01 
0.90 0.88 0.89 
0.75 0.75 0.75 
0.01 0.01 0.02 

37.9 39.6 39.5 
44.1 46.6 46.8 
13.9 13.8 13.7 
22.4 22.8 22.6 

subsequent magmat ic stages the basic members of the basal t-Na-rhyoli te asso­
ciation have minimal ammounts of REE (£) REE = 14.35—28.53 ppm), are en­
riched in HREE, and just as in other LIL elements, closely resemble initial 
tholeiites of J a k e s—G i 11 (1970). Most distinctly this tendency reveals for 
the Kommandorskie 3/14—78 basalt (Fig. 3) the REE pa t te rn of which prac­
tically coincides wi th tha t of Eua, Tonga (E w a r t et al., 1977; K a y , 1978). 
At the same t ime Kommandorskie basalts differ from MORB (e. g. East Pacific 
Rise) by lower £ REE typical of the island arc tholeiitic series. 

Acid members of the association are represented by Na-rhyoli tes and Na-
-rhyodacites. They occur as numerous thick (50—70 m) and relatively short 
(1—3 km) lava flows, layers of lava-breccias, tuffs, tuff-breccias, tuff-con­
glomerates, also make some large hypabyssal stocks, microlaccoliths, domes, 
sills and dykes cutt ing the volcanics. 

Na-rhyolites and Na-rhyodacites contain phenocrysts of par t ly albitized 
plagioclase (An//,_/,8) — 15—25%, resorbed quar tz — 1 0 — 1 5 % and sparse 
clinopyroxene — 1—2 %. The la t ter compositionaily varies from augite 
(Ca/l3Mg/l9Fe8, f = 13.1) to ferro-augite (Ca5iMg28Fe21, f = 43.6). Sometimes plagio-
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2nd continuation of Tab. 2 

17 

52.64 
0.37 
2.40 

10.00 
0.32 

15.14 
17.95 

0.17 
99.02 

1.97 
0.03 
0.07 
0.01 
0.31 
0.01 
0.86 
0.74 
0.01 

38.4 
44.9 
16.7 
21.7 

Trachybasalts, trachydolerites 

18 

51.26 
1.14 
3.97 
6.86 
0.16 

15.08 
32.14 

0.25 
100.86 

1.88 
0.12 
0.05 
0.03 
0.21 
0.01 
0.82 
0.87 
0.01 

43.7 
43.1 
11.0 
20.4 

1!) 

51.38 
1.19 
3.66 
6.70 
0.15 

15.77 
21.10 

0.54 
100.49 

1.88 
0.12 
0.04 
0.03 
0.20 
0.01 
0.86 
0.83 
0.04 

43.9 
45.5 
10.5 
18.9 

20 

51.98 
1.15 
3.45 
6.96 
0.15 

15.02 
21.95 

0.21 
100.87 

1.91 
0.09 
0.06 
0.03 
0.21 
0.01 
0.83 
0.86 
0.01 

45.3 
43.7 
11.0 
20.2 

, teschenites 

21 

52.08 
1.01 
3.60 
6.60 
0.15 

15.05 
21.72 

0.55 
100.76 

1.91 
0.09 
0.06 
0.03 
0.20 
0.01 
0.82 
0.85 
0.04 

45.5 
43.9 
10.7 
19.6 

22 

48.62 
2.01 
5.28 
9.31 
0.22 

13.02 
20.14 

0.68 
99.45 

1.82 
0.18 
0.06 
0.06 
0.29 
0.01 
0.73 
0.81 
0.05 

44.3 
39.9 
15.8 
28.4 

23 

49.31 
1.79 
5.17 
9.09 
0.21 

13.13 
20.69 

0.57 
100.11 

1.84 
0.16 
0.07 
0.05 
0.28 
0.01 
0.73 
0.83 
0.04 

45.1 
39.7 
15.2 
27.7 

24 

53.28 
0.35 
1.70 
8.55 
0.52 

14.36 
19.13 

0.33 
98.22 

2.00 
— 
0.08 
0.08 
0.27 
0.01 
0.81 
0.74 
0.02 

40.7 
44.5 
14.8 
25.0 

25 

53.59 
0.54 
2.33 
8.63 
0.52 

14.43 
19.14 

0.33 
99.51 

2.00 
— 
0.10 
0.03 
0.28 
0.01 
0.80 
0.77 
0.02 

41.6 
43.2 
15.1 
26.7 

clase grains are sur rounded by rims of K-Na feldspar (Or;j-)_/1sAb/12-r>í)An5_,s). 
Felsitic, sometimes vi trophyric, groundmass (60—70 %) contains small impreg­
nations of magnet i te , pyroxene, biotite, apati te, sphene and zircon. Biotite is 
low in Ti (Ti02 = 0.16—0.24%) and has a high Fe-content (f = 56—61). 

The Kommandorsk ie Na-rhyoli tes differ from calc-alkaline rhyolites of N o c-
k o 1 d s (1954) in lower ammounts of KjO and higher Na^O. At the same time, 
as compared wi th ophiolite plagiogranites (e. g. Troodos) they are enriched with 
alkalies, especially wi th K 2 0 . REE abundances in Na-rhyoli tes are significantly 
higher than in basalts spatially associated wi th them and approach REE contents 
in Troodos plagiogranites (av. 52.5 % ppm), though the la t ter are more HREE 
enriched (Troodos: av. £ REEC(,/^] REEY = 1.4; Kommandorsk ie Is lands: ave­
rage £ R E E C Ľ / £ R E E Y = 4.34). At the same t ime the Kommandorsk ie Na-rhyo­
lites have lower £ REE than most of the continental granites and granodiori tes 
in which J) R E E usually varies wi thin the range 200—2500 ppm (E m m e r-
m a n n et al., 1975). It is interest ing to note tha t wi th respect to REE, major 
and minor element abundances, the Kommandorsk ie Na-rhyoli tes closely re­
semble the first acid members of island arc tholeiitic series (Tonga, Marianas, 
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3rd continuation of Tab. 2 

Diorite-granitoid association 

Andesites 

26 27 

53.23 
0.29 
1.41 
8.77 
0.46 

14.49 
19.15 

0.27 
98.52 

52.39 
0.37 
1.54 
9.00 
0.60 

14.79 
19.16 
0.35 

98.43 

2.00 
— 
0.08 
0.01 
0.28 
0.01 
0.84 
0.78 
0.02 

41.0 
44.2 
14.7 
25.0 

1.98 
0.02 
0.06 
0.01 
0.29 
0.01 
0.83 
0.78 
0.03 

41.0 
43.7 
15.3 
25.9 

Explanations: 1-13 - Northern part of Medny Is.: 1-3 basaltic tuff, 3/4—78; 4-5 — 
basaltic lava, 3/15—78; 6—7 — plagiorhyolitic lava, 7/2—77; 8—13 — basaltic and 
subalkaline basaltic dykes, 3/2—78, 3/3—78; 14—17 — subalkaline gabbro, stock, Zhi-
rovaya Cove, Medny Is., 1/1—78: 18—21 — trachybasaltic lava, trachydoleritic sill 
and dykes, northern part of Bering Is., 405, 406, 415 ;22— 23 — teschenitic sill, 19,3—78, 
Nickolskoye, Bering Is.: 24—27 — andesitic lava, 10'15—78, southern part of Medny Is. 
Additionally determined: Cr ,0, : in column 1 — 0.12%, in col. 2 — 0.15%, in col. 3 
— U.09 %, in col. 22 — 0.15 %~ in col. 23 — 0.15 %. 

Fiji, etc.) as well as the first acid volcanics formed within in t racont inenta l 
orogenic belts (the Caucasus, the Urals, etc.). 

The earliest magmat ic events in the central par t of the Aleutian arc corres­
ponding to the basalt-Na-plagiorhyolite association in time, composition and 
geological setting are known for many islands: At tu and Agat tu ("basement" 
formation), Amchitka (Krugloi Point, Amchitka, Banjo Point formations), Adak 
and Ilak (Andrew Lake, Finger Bay formations), Rat (Rat, Ganners Cove 
formations). On many places they produced basaltic pillow lavas and tuffs, 
which just as Kommandorskie basalts, have undergone greenstone meta -
morphism. However, the rock-forming pyroxenes in these rocks, relat ive to 
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Table 3 

Hornblends, biotites and olivines from Kommandorskie Islands magmatic rocks 

SiO, 
T iO, 
A1,Ó3 

Feb 
MnO 
MgO 
CaO 
N a 2 0 
K , 0 
Total 

Si 
Al (IV) 
Al (VI) 
Ti 
Mg 
Fe 
Mn 
C a 
Na 
K 

Basal t -p lagiorhyol i t ic 
associat ion 

Bioti te 

1 

55.21 
0.24 
9.94 

17.07 
— 
7.49 
0.30 
0.21 
8.40 

98.86 

2 

58.73 
0.16 

10.25 
15.45 
— 
5.59 
0.27 
0.08 
8.18 

98.71 

Cations per 12 0 

4 1 8 j 4 1 8 4.45 j 4 4 5 

8.89 
0.01 
0.84 
1.08 
— 
0.02 
0.03 
0.81 

0.92 
0.01 

2.82 0.63 
0.98 
— 

• 2.54 

0.02 i 
• 0.86 0.02 0.83 

0.79 1 

Basa l t - t r achydo le r i t e 
associat ion 

Olivine 

3 4 

40.35 39.46 
— — 
0.15 0.05 

11.58 12.64 
0.28 0.16 

47.00 46.80 
0.19 0.14 
— — 
— — 

99.55 99.75 

Cations per 4 0 

1.00 1.00 

— 0.01 
— — 

1.76 1.74 
0.24 0.24 
— 0.01 

— — 
— — • 

— — 

Hornb l ende 

5 

48.95 
1.88 
4.15 

10.04 
0.22 

12.48 
19.19 

0.39 
— 

97.30 

Cat ions per 24 0 

o:7282 } 8 0 ° 
0.49 
0.23 
2.93 
1.32 
0.03 
3.23 
0.12 
— 

. 5.00 

3.35 

the Kommandorskie , are significantly Fe-enriched and contain more AI2O3, 
T i 0 2 and CaO (Ca«_/,,iMg:t(i_,1,)Fe17-i9, f = 29—34) (De L o n g et al., 1975). 
Geochemical differences of Kommandorskie and central Aleutian basic rocks 
are also defined by means of REE pat te rns which being practically similar 
in relat ion to chondri tes differ in total REE abundances ( K a y et al., 1982). 

It should be also noted that related to basic volcanics at central Aleutians 
a re also known in termedia te and acid magmat ic bodies. The example are 
Hidden Bay and Finger Bay layered gabbro-granodiori t ic plutons dated wi thin 
30—35 m. y. interval ( C i t r o n et al., 1980; K a y et al., 1983). All these 
features show the continually differentiated character of the basal t-Na-rhyoli te 
association in the central par t of the Aleutian arc. 

Within eastern segment of the arc basal t-Na-rhyoli te association counterpar ts 
with Unalaska formation (D r e w e s et al., 1961). It consists of fine-grained 
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1st continuation of Tab. 3 

Hornb lende 

6 

49.12 
1.24 
8.04 

11.75 
— 

16.23 
10.91 

1.88 
0.32 

99.38 

Cations 

6.86 
1.14 
0.17 
0.13 
3.33 
1.37 
— 
1.63 
0.52 
0.05 

*8.00 

5.00 

2.20 

7 

51.39 
0.92 
7.41 

11.93 
— 

15.74 
11.36 

1.70 
0.29 

100.75 

per 24 0 

7.09* 
0.911 8-°° 
0.30 
0.09 
3.23 
1.38 
— 
1.67 
0.45 
0.05 

5.00 

[2.17 

Hornblende 

8 

55.93 
0.89 
4.54 

10.89 
0.61 

17.46 
11.53 

0.94 
0.32 

100.11 

7.28 
0.72 
0.01 
0.09 
3.58 
1.25 
0.07 
1.70 
0.25 
0.05 

•8.00 

5.34 

2.00 

Diorite-

9 

42.66 
2.91 

13.00 
12.19 
— 

16.11 
— 
0.80 
8.18 

95.85 

Cations 

3.171 4 0 0 
0.881 4 U U 

0.30 
0.16 
1.78 
0.76 
— 
— 
0.12 
0.78 

3.00 

0.90 

grani to id associat ion 

Bioti te 

10 

41.18 
3.53 

13.73 
12.45 
— 

16.89 
— 
1.16 
8.54 

97.53 

per 12 0 

3-031 . „„ 
0.97/ 4 0 ° 
0.22 
0.16 
1.86 
0.76 
— 
— 
0.17 
0.79 

3.00 

0.94 

11 

38.47 
4.34 

18.99 
15.23 

0.31 
15.75 
0.14 
0.11 
9.73 

98.09 

Cations 

2.85 
1.75 
0.07 
0.24 
1.72 
0.95 
0.02 
0.01 
0.02 
0.92 

•4.00 

3.00 

0.95 

12 

38.87 
4.76 

13.59 
16.41 

0.28 
15.63 

0.09 
0.12 
9.70 

99.45 

per 12 0 

2.85 
1.15 
0.02 
0.26 
1.70 
1.00 
0.02 
0.01] 
0.02 
0.91 

4.00 

3.00 

0.94 

Explanations: 1—2 — plagiorhyolites, 7/7—77; 3—4 — trachydolerites, 409/77; 5 — 
teschenites, 19/3—78; 6; 7; 9—10 — tonalites, 12/17—77; 8—11 — granodiorites, 11/6—77; 
12 — aplites, 11/7—77. 

intermediate or acid pyroclastics a l ternat ing with dacitic, andesitic and basaltic 
lavas cut by numerous compositionally similar sills, dykes and small stock-type 
bodies. Generally, t h e basalts of the eastern Aleutians differ dramatical ly in 
major (Mg, Fe, Na, K) and trace-element (Co, Ni, Cr, Sr, Zr) concentrations 
from tholeiitic basalts of intraoceanic islands arcs, e. g. Eua, Tonga (E w a r t— 
B r y a n , 1973) as well as from the Kommandorskie initial basalts. 

Nearly synchronous to the Kommandorskie — Aleutian basalt-Na-rhyoli te 
association numerous plutonic bodies of gabbro-quar tz diori te-granite associa­
tion were formed on Kodiak Island and Alaska Peninsula. Compositionally 
they vary from gabbros, quartz diorites and granodiori tes, to monzonites, gra­
nites and adamellites while their age scatters within 38—26 m. y. t ime range 
( R e e d — L a n p h e r e , 1969). 
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Basalt-dolerite subalkaline association 

On the K o m m a n d o r s k i e Islands the rocks of this magmat ic association are 
represented by subalkal ine basaltic or t rachybasal t ic lava flows and sheets, 
less often by sills and dykes of trachybasalts, subalkaline dolerites and gabbro, 
or teschenites (B o r s u k—T s v e t k o v, 1980). 

K Ba L a . C í Pr ,'ld Pra Sm Eu M Th Dy Ho Er Tm Yh Ll 

3"' 

R b X Ba La Cä Pr Na Pm Sm Eu Gd I T Ďy Ha Er Im ŕa La 

Fig. 3. REE distribution patterns for rocks 
of Kommandorskie basalt-Na-rhyolite 
association. The results presented in Figs. 
3, 4, 5 are normalized to Leedy chondrite. 
Explanations: 1—2 — Medny Island ba­
salts, 5/1—78, 3/14—78; 3 — tholeiitic ba­
salt of Adak, Sh-3, sample of D. W. 
S c h o 11; 4—5 — Medny Island Na-rhyo-
lites, 2/11—78, 63/4—78. Standards: 
MORB-type basalts; 6 — Gorda Ridge 
(K a y—H u b b a r d—G a s t, 1970); 7 — 
East Pacific Rise (K a y—H u b b a r d— 
G a s t, 1970); Island arc tholeiitic basalts: 
8 — Eua, Tonga (E w a r t et al., 1974), 
ophiolites: 9 — Troodos plagiogranites 
(K a y—S e n e c h a 1, 1976); Continent: 10 
— Susamirski granitic batholith in Kur-
gisia (T s v e t k o v, 1983); alkaline and 
subalkaline basalts from seamounts ( K a y 
—G a s t, 1973): 11 — Site 183. DSDP; 
12 — Site 192, DSDP. 

Fig. 4. REE distribution patterns for rocks 
of Kommandorskie basalt-dolerite sub­

alkaline association. 
Explanations: 1 — subalkaline gabbro, 
1/1—78; 2 — subalkaline basalt, 3/2—78; 3 
—4 — teschenites, 3/19—78, 17/3—78. Stan­
dards: alkaline and subalkaline basalts 
from Pacific Island arcs and intraoceanic 
islands: 5 — Japan (O n u m a et al., 
1968), Hawaii (S c h i 11 i n g—W i n c h e s -
t e r, 1969): 7 — Tahiti (S c h n e t z 1 e r— 
P h i 1 p o 11 s, 1968): 8 — Bay of Alaska 
seamount, site 183 DSDP (K a y—G a s t. 
1973); 9 — Eua tholeiitic basalt. Tonga 
(E w a r t—B r y a n , 1973). 

Typical K o m m a n d o r s k i e subalkal ine basalts are always massive porphyric 
rocks with a compact fabric. Phenocrysts assemblage: zonal labrador (An4g_6 5), 
augite or t i tan-augite (Ca36_/15Mg43_47Fe9_1g, f = 15—30) and high-Mg olivine 
(Foss). The groundmass consists of plagioclase and cl inopyroxene microliths 
and specs of b r o w n biotite set in a glassy m a t r i x filled wi th t i tanomagnet i te 
micrograms. Amygdales and inter-mineral spacing are filled with analcime 
also a b u n d a n t in the glassy matr ix . 

Teschenites countain well shaped t i tan-augi te phenocrysts (Cav,-45Mg3g_/,o 
Fei5_ic f = 28—29). more Fe-enriched t h a n cl inopyroxenes of subalkaline ba-
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salts, small grains of red-brown amphibole (barkevikite) and biotite i n a faintly 
crystalline m a t r i x of plagioclase (An;s./,!i) anorthoclase, augite, quartz, t i tano-
magnet i te and apati te. 

Basalt-dolerite subalkaline association of the Kommandorskie Islands is of 
a continually differentiated type. Its whole rock chemistry varies gradual ly 
from close to subalkaline flood basalts to average subalkaline gabbros and 
teschenites (S o 1 o v i e v, 1970). KjO content permanent ly rises and in some 
subalkaline dolerites and teschenites exceed 3 wt. % due to appearance of 
modal anorthoclase. Meanwhile the bulk Fe-content rises slowly and varies 
within 8—9 wt. %, whereas T i 0 2 exceeds 1 %. Teschenites — the most alkali-
-rich rocks, contain significantly higher ammoun'ts of Co, Ni, Cr, V, Sr t h a n 
typical oceanic subalkaline and alkaline basalts (E n g e 1 et al., 1965). 

REE pat terns for the most magnesian members , the least volumetrically 
abundan t within the association, are slightly enriched with t ransi t ional REE 
(average £ REE = 19.6 ppm; £ R E E C e / £ REEY = 2.2), whereas more alkali-rich 
rocks — subalkaline basalts, t rachybasalts , t rachydoleri tes and teschenites, being 
similar in £ REE, are already strongly enriched with LREE (average J]ce^Ti REEY 

= 8.1). Total REE ammounts in teschenites reach 232 ppm and are the highest 
among all the Kommandorskie igneous rocks. Similar REE pat terns are typical 
of subalkaline basaltic rocks of J apan (O n u m a et al., 1968), Hawaii ( S c h i 1-
l i n g — W i n c h e s t e r , 1969), Tahiti ( S c h n e t z l e r — P h i l p o t t s , 1968) 
and seamounts in the Bay of Alaska ( K a y et al., 1970; K a y — C a s t , 1973) 
whose REE values are even higher, exceding 300—400 ppm (Fig. 4). 

Temporal relations and petro-geochemical features of the Kommandorskie 
Islands subalkaline rocks show a gradual increase in alkalinity of magmat ic 
melts. This can be due probably to dry fractionation of 2 0 % PI, 1 0 % Cpx, 
5 % 01, 1 0 % Mt (mode of phenocryst occurrence in the Kommandorsk ie sub­
alkaline basalts) from a parenta l picrobasaltic l iquid at modera te depths within 
basaltic minerals stability field (B o r s u k et al., 1982). 

Subalkal ine basic rocks from Kommandorskie Islands definitely cannot be 
considered for members of island arc shoshonitic series which a re characterized 
by significantly higher ammounts of Sr, Ba and 87Sr/86Sr isotopic values ( G i l l , 
1970; J a k e s — G i l l , 1970). Distinctions between subalkaline basaltic and 
shoshonitic series are quite evident in pyroxene compositions and their evo­
lutional t rends (J o p 1 i n, 1968, T s v e t k o v et al., 1982). 

Of all the Aleutians, subalkaline basalts are known only on Kanaga Island, 
they contain inclusions of dunites and peridotites (D e L o n g et al., 1975) 
whilst t rue petrographic analogues of the Kommandorskie teschenites are not 
yet found. 

Diorite-granodiorite association 

On the Kommandorskie Islands rocks of this magmat ic association make up 
stocks, small laccolith-type bodies, dykes and lava flows. 

Granodiorites, composing intrusive bodies (up to 10 km-) are massive hypi-
diomorphic rocks consisting of plagioclase (50—55 % ) , alkali feldspar (5—7 % ) , 
hornblende (15—20 % ) , biotite (2—5 %) and quartz (15—20 %)• Among common 
accessories (1—2 u/o) are zircon, magnet i te and apati te. The lat ter often makes 
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rims on magnet i te . Quartz diorites and tonalites composing microlaccoliths and 
dykes, differ from granodiori tes in their porphyric fabric, lack of alkali feld­
spar and higher modal ammounts of quar tz (up to 25 %) and biotite (up to 
10 % ) . 

Plagioclase in granodiori tes and tonalites is oligoclase-andesine ( A n ^ . o ) . It 
is often zonal, the outer zones represented by oligoclase (Ann_2o) while the 
central - by andesine (Anao-^i)- Or-content also rises from cores to r ims of the 
grains (average 2.1; Or — core; 4.2 Or •— rim). With respect to phenocrystal 
plagioclase in Na-rhyoli tes of basal t-rhyoli te association the one in granodiori tes 
and tonalites has twice as much Sr and similar distr ibution of Cr, V, Ba, Zr 
and Cu. K-Nia feldspar in granodiori tes corresponds to high anorthoclase-cryp-
toperti te. Amphibole is represented by a common hornblende (f <= 25.9). Fairly 
common is apparent unequi l ibr i ty of large amphibole phenocrysts shown in 
their opacitization and subst i tut ion by biotite. Biotite is of two k inds : pr imary 
and secondary, the la t ter replacing hornblende. Its Fe-indepc in tonalites (f = 
29—30) is somewhat lower than in granodiori tes (f = 33). Epidote and chlorite 
are present in small quanti t ies . 

Granodior i te and tonali te bodies are often cut by aplitic veins, up to 1 m 
thick. Aplites are massive fine-grained rocks composed of K-Na feld­
spar (Or75Ab25) — 30—35%, andesine-oligoclase (Ani3_:i7) — 25—30%, 
quar tz — 35—40 % and biotite — 2—5 %. The lat ter , when compared 
with biotites from granodiori tes and tonalites, appear to be enriched with Fe and 
Ti (f = 37; TiO-) = 4.76). Laser microanalysis reveales considerable in­
crease in Co, Nd, Cr and Cu contents in hornblendes and biotites wi thin the 
plutonic sui te : tonalites — granodiori tes — aplites, while concentrat ions of 
V, Sr, Ba, Zr, remain nearly constant (B o r s u k et al., 1982). There is also 
a gradual increase in Ti-content of biotites in rocks of successive magmat ic 
associations: from basal t -Na-rhyoli te 'to basalt-doleri te subalkaldne and dio-
ri te-granodiori te . 

Volcanic rocks of diori te-granodiori te association represented mainly by an-
desitic and andesite-dacitic lavas are found to be in close spatial association 
with tonalit ic and granodiorit ic intrusion and can be accounted as their vol­
canic analogues (see Tab. 5). Andesites consist of plagioclase (A.ns5_6o), clino-
pyroxene (Ca/1o_/1iMg/l3_4,iFei/1_i5, f = 25—26) and or thopyroxene (bronzite) 
phenocrysts and green hornblende in semicrystalline mat r ix . Groundmass cli-
nopyroxene is usually lower in FeO and A1203. Some flows contain strongly 
cataclased Mg-rich olivine. 

According to major and trace element distr ibution pa t te rns rocks of diori t°-
-granodiori te association are near V i n o g r a d o v ' s average values for ande-
site-diorite group ( V i n o g r a d o v , 1962). Whereas regarding Ba (with res­
pect) they are closer to basic rocks. With respect to initial Na-rhyolites the 
association is enriched wi th Sr (100—105 and 652—746 ppm correspondingly). 
REE abundances in quar tz diorites, tonalites, granodiori tes and their volcanic 
counterpar ts (average £ REEC t . /£ REEY = 6.6) closely match those of other 
island arcs calc-alkaline rocks, e.g. J apan and Solomons (Fig. 5). 

Rocks similar in age and composition to the described above are widely 
spread in the Aleutian Islands especially on Attu, Agattu, Semichi, Kiska, Adak, 
Amchitka, Kagalashka and Unalaska where they are represented by andesitic, 
dacitic, sparsely basaltic lavas and large granodiorit ic plutons like Kagalashka 
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Pluton and Captain 's Bay Pluton on Unalaska Island with K/Ar ages of 8—15 
m.y. (De L o n g e t a l . , 1978; C i t r o n et al., 1980). 

On the origin of the Kommandorskie magmatic rocks in light of Sr, Nd isotopes 
and REE patterns 

The problem of island arc magma generat ion and evolution in spite of re ­
cently somewhat diminished number of a l ternat ive hypotheses is still among 

b K Ba La Ce Pr Nd Pm Sm Eu Tb Gd Dy Ho Is T* Ni Lu 

Fig. 5. REE distribution patterns for rocks 
of Kommandorskie diorite-granodiorite 

association. 
Explanations: 1—2 — Medny Island an-
desitic lavas, 9/1—78, 10/15—78; 3 — 
Medny Island tonalite, 10/6—78; 4 — gra-
nodiorite Medny Island, 8/2—78; 5 — Ka-
galashka Island tonalite, Sh-1, sample of 
D. W. S c h o 11. By solid lines are shown 
andesite from Guadalkanal, Solomons 
( J a k e s — G i l l , 1970), andesite from 
Hokkaido Japan (M a s u d a et al., 1975), 
tholeiitic basalt from Eua. Tonga (E w a r t 
— B r y a n , 1973). 

a 5 
o 6 

Fig. 6. £ Nd — G Sr diagram for Kom­
mandorskie and Aleutian magmatic rocks. 
Explanations: Kommandorskie Islands: 
basalt-Na-rhyolite association (28—35 m. 
y.): 1 — Na-rhyolites; 2 — basalts; basalt-
-dolerite subalkaline association 
m. y.); 3 — subalkaline basalts, 
-granodiorite association (8.5—15 
4 — granodiorites. Aleutian 
(M c C u 11 o c h—P e r f i t, 1981): 
-granodiorite association (0—5 m 
— andesites and basalts. 

(18—25 
diorite-
m. y.); 
Islands 
diorite-

y.); 6 

widely discussed ones in modern petrology. At the same time it is quite evident 
that if the problem of magmatic sources in active oceanic and continental 
margins would be solved it will make a fundamental contribution in constra­
ining universal petro-geochemical models of generat ion and t ransformation 
of the Ear th l i thosphere. Covariation of Nd and Sr isotopes especially after 
discovering a negative covariation between ' " N d / ^ N d and H7Sr/,sl'Sr ratios for 
magmas of mant le origin (De P a o l o — W a s s e r b u r g , 1976) has become 
an effective tool in research done on magmat ic sources in island arcs. 

In the Aleutian island arc the most detailed isotopic and geochemical studies 
were carried out for Pl iocene-Quaternary andesit ic association (K a y et al., 
1978; M c C u l l o c h — P e r f i t , 1982). Within Kommandorskie segment 
'' '•'Nd/'^Nd and 8/Sr/ ,s(iSr ratios recently were determined for all the three older 
magmatic associations ( Z h u r a v l e v et al., 1983). 
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The obtained results are plotted on a Nd-Sr diagram (Fig. 6). The isotopic 
characteristics of Nd and Sr in igneous rocks of the Kommandorskie magmatic 
associations are located mainly in the field comprising those of ensimatic 
island arcs and ensimatic parts of active continental margins (Marianas, New 
Britain, South Sandwich, Ecuador) (Fifth international . . . 1982). 

High 87Sr/8(!Sr values in rocks of the initial magmatic stage causing horizontal 
shifting of € Sr on the diagram to the right of the mantle array and not accom­
panied by likewise shifting in £ Nd can possibly be described as a result of iso­
topic exchange with seawater (€ Sr = + 64). Such process is now studied in 
detail ( V i n o g r a d o v — B u y a k a i t e , 1980). 

Theoretically there are only two possible ways of seawater Sr to contaminate 
island arc magmatic melts: 1) through involvement during subduction of a wa­
ter-bearing sediments or hydrothermally altered basalts of the oceanic crust 
layer 2, i.e. contamination within magmatic sources; 2) by regional hydrother-
mal-metasomatic alteration of already crystallized magmatic rocks (propylitiza-
tion in initial island arc magmatism of altered oceanic crust of water-saturated 

The available data seem to favour the second assumption for contamination 
within magmatic sources would hardly provide considerable variability of £ Sr 
but rather lead to more of less preservation of these values for the same pe-
trographic rock type. Moreover, if preservation of G Sr is caused by participa­
tion in initial island arc magmatism of altered oceanic crust of water-saturated 
pelagic sediments, characterized by high REE ammounts, than there should 
be a noteable covariation of £ Sr and € Nd for rocks of basalt-plagiorhyolitic 
association which however is not discovered. Among the additional evidence 
is a direct correspondence between the degree of alteration of the tholeiitic 
basalts and plagiorhyolites and their 87Sr/86Sr values (B o r s u k et al., 1982). 
Thus unpropilitized tholeiitic basalts would probably plot within the mantle 
array on a £Sr — £Nd diagram. 

One of the major features of basalt-plagiorhyolitic association is a consider­
able upward shifting of £Nd for plagiorhyolites towards higher values (up to 
+ 10) in comparison with tholeiites basalts (£Nd + 8.2) and calc-alkalins ba­
salts, andesites, dacites and rhyolites of diorite-granitoid and andesitic associa­
tions (£Nd + 6.5 — + 9). This fact is of extreme importance for constraining 
the process of generation of the first island arc acid melts and definitely indi­
cates the involment of crystalline part of the oceanic crust (£Nd + 10 and 
higher). Indeed, the results of REE mass-balance calculations clearly show that 
they could be derived by mixing of initial tholeiite-basaltic liquids with 
25—30 % melts from oceanic crust layer 2 (T s v e t k o v, 1983). 

All the isotopic compositions for diorite-granitoid and andesitic associations 
fall within the mantle array. Again it should be noted that changes in the crustal 
structure of the Aleutian basement from oceanic type (Kommandorskie Islands 
+ Central Aleutians) into a continental one (Eastern Aleutians + Alaska) do 
not make any influence on Nd and Sr isotopic patterns. This indicates the 
minimal degrees, on absence of crustal contamination either of sialic or mafic 
components during later stages of the Aleutian island arc development, contrary 
to the initial one when such a process seems to be quite efficient. Indeed, petro-
graphically similar and synchronous initial basalts from the western and the eas­
tern segments differ in major and trace element abundances. Thus the rocks of 
Unalaska Island (eastern segment) differ from the Kommandorskie probably 
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due to the contaminat ion of the pr imary melts by a pre-Cenozoic sialic consti­
tuent in the s t ructure of the eastern Aleutian basement. In our opinion the 
above mentioned features are due to the existence throughout the whole period 
of the island arc evolution of a uniform magmat ic feeder systems. The rocks 
enclosing feeder channels became progressively depleted in magmatophi le ele­
ments with t ime and finally got isotopically equil ibrated with melts ascending 
from the mantle . 

As concerned the fate of sediments of genesis of island arc magmas the 
available data is contradictory ( A r c u l u s — J o h n s o n , 1981). On the one 
hand high K, Ba, Sr, U, Rb and other LIL-element contents in island arc igneous 
rocks seem to indicate their considerable involvement into magma generat ion 
( K a y , 1980; M c C u l l o c h — P e r f i t , 1981), but on the other hand, 
current ly obtained isotopic values significantly constraint volumetric percenta­
ge of sediments par t ic ipat ing in melt ing reactions often up to negligible quan­
tities ( A r c u l u s — J o h n s o n , 1981). Thus, e. g. Rb, Ba, and REE distr ibution 
pat terns for 3/14—78 Kommandorskie initial tholeiitic basalt (see Tab. 5) are 
in perfect correspondence with a model, proposing its origin by melting of 
99.875 % of depleted peridoti te (harzburgite) and 0.125 % of pelagic sediment 
(T s v e t k o v, 1983). However, the low 87Sr/86Sr value in this sample limits ma­
ximal values of involved sediments to the first hundreds of a percent. 

Presented results of the Kommandorskie Islands isotopic studies led us to 
the following conclusions: 1) all the parenta l magmat ic melts were of mant le 
origin; 2) magmatic sources throughout the whole Aleutian Island arc remained 
isotopically homogeneous for the whole period of its evolution (for more than 
30 m.y.); 3) crustal contamination of magmat ic melts played a significant role 
only during initial stage of the island arc development, dur ing subsequent sta­
ges effectiveness of such process was conciderably diminished; 4) oceanic se­
diments were practically not involved in magma generat ion during the initial 
evolutional stage. There is strong doubt whether its role increased during the 
later stages; 5) distinctive variabil i ty of 87Sr/8CSr isotopic ratios in rocks of 
similar petrographic type is most probably due to propyli t ization; 6) variabil i ty 
of 8/Sr/ ,% 'Sr isotopic ratios unless other isotopic systems being taken into con­
sideration do not provide irrefutable evidence of magmat i sm sources unhomo-
geneity. 

Magmatic evolutional patterns of ensivnatic and ensialic segments of the Aleutian 
Island Arc: a comparison 

Analysing all the available data on different segments of the Aleutian island 
arc we shall t ry now to summarize their evolutional pat terns . Schematic compa­
rat ive diagram is presented in Fig. 7. We used published data on magmat ism 
of the eastern par t of the Aleutians and Alaska in K a y (1977, 1978, 1980); 
C i t r o n et al., (1980); M a r s h (1976, 1982); M a r s h — L e i t z (1980); 
D r e w e s et al., (1961); P e r f i t et al., (1980); B u r k (1965); B y e r s (1961) 
etc. 

The initial evolutional stage throughout the whole Aleutian island arc in­
cluding Alaska Peninsula is characterized by basalt-Na-rhyoli te association. 
However, while within ensimatic Kommandorskie west-central Aleutian seg-
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ment it belongs to tholeiitic series and often of a bimodaltype, in ensialic eastern 
segment of the arc and in Alaska it is already continually differentiated and 
belongs to calc-alkaline magmatic series. Along the arc axis there is also a no­
teworthy variations in volumes of acid and basic members of the association: 
Kommandorskie Islands rock assemblage tholeiitic basalt-Na-rhyolites (volu­
metric ratio acid versus basic rocks is approximately 1:3); Adak Island, Central 
Aleutian Islands rock assemblage: basalts, gabbro, dolerites, granodiorites, 
quartz-diorites — the same ratio is already nearly 1 : 5 ; Unalaska, Unimak 
Island, Alaska Peninsula, eastern Aleutian Islands rock assemblage: basalts, 
basaltic andesites, andesites, intermediate and acid rocks of normal type includ­
ing granites and syenites — the ratio is 3 : 1. It should be also emphasized that 
along with basalt-Na-rhyolite association ensialic part of the arc — especially 
Alaska Peninsula is characterized by synchronous emplacement of the "Alaskan 
batholith" lacking at Kommandorskie and west-central Aleutian Islands. 

Next evolutional stage is represented by the basalt-dolerite subalkaline asso­
ciation which belongs to a subalkaline basaltic series. General alkalinity, mode 
of differentiation and volumes of erupted material substantially decrease in 
eastern direction. At the same time, subalkaline basalts, trachybasalts, sub­
alkaline dolerites and teschenites so typical and abundant on Kommandorskie 
Islands, further eastern are replaced by basalts of normal alkalinity, dolerites 
and gabbros, while in Alaska and adjacent Aleutian Islands in ensialic part of 
the arc this magmatic association is not discovered. 

Most intensive volcanic and plutonic activity occurred close to Middle-Upper 
Miocene boundary when the rocks of diorite-granodiorite volcano-plutonic asso­
ciation were intruded along the crest of the entire island arc. The predominating 
rock types are tonalites, quartz diorites and comagmatic andesites, andesite-
-dacites while the role played by basic rocks is much less significant; the latter 
only being differentiated of parental andesite-basaltic melts. The association 
within ensimatic and ensialic segments actually showes no petro-geochemical 
distinctions and corresponds to calc-alkaline series. 

Current tectono-magmatic stage following the Pliocene one is characterized 
mainly by calc-alkaline volcanism (andesite association). Its rocks are composi-
tionally similar to recent calc-alkaline volcanics from many Pacific island arcs 
and active continental margins (e. g. Kuriles, Japan, Cascades, Chile) which 
are mostly unaffected by differences in crustal structure and thickness. In the 
eastern part of the Aleutian back-arc zone there are some small-scale mani­
festations of subalkaline basaltic magmatism (Bogoslov Island) lacking within 
the rest of the Bering Sea side of the arc. Again, the lowest, with respect to 
normal basalts, 87Sr/8CSr ratios in Bogoslov subalkaline lavas, just as in Kom­
mandorskie Miocene subalkaline volcanics, alongside with petro-geochemical 
data presented in A r c u l u s et al., (1976) seem to indicate the lowermost lo­
cation of their magmatic sources, supporting previously distinguished pheno­
mena ( K u n o , 1968). 

Thus the evolutional patterns of magmatism within different parts of the 
Aleutian Island arc are definitely specific due in o-ur opinion, to one major rea­
son : lateral variations in composition and thickness of the Earth crust caused by 
its transition from oceanic type into continental one. For ensialic part of the arc 
the main factor controlling the trends of magmatic evolution seems to be "old 
sialic basement" which, alike newly formed continental crust in ensimatic island 
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arcs, either contaminates mant le magmat ic melts or gives rise to independent 
crustal acid melts. That is probably why enseialic island arcs (e. g. the Lesser 
Kuriles, New Zealand, etc.) often lack magmat ic rocks (magmatic associations) of 
the initial tholeiitic series while those of calc-alkaline series are spread ext re­
mely wide. 
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Professor R. W. K a y, Cornell University who donated us rock samples from the 
Aleutian Islands that made possible a comparative study of the Kommandorskie and 
the Aleutian magmatism. Professor D. W. S c h o 11 is also thanked for providing 
analytical determinations for some typical Kommandorskie igneous rocks. The re­
search was funded by the USSR Academy of Sciences. 

APPENDIX 1. SAMPLES LOCATION: 

Basalt-Na-rhyolite magmatic association 

3/7—78 Fine-grained propilitized lithocristalloclastic basaltic tuff, Kotenok P t , 
Northern Part of Medny Is. 

111—1 Small vekded hyalobasaltic breccia, North-Western Pt., Medny Is. 
( S c h m i d t , 1978). 

3/14—78 Basaltic lava flow with rare ultrabasic xenoliths, Sulkovski Pt., Medny Is. 
5/1—78 Basaltic xenodyke in Na-rhyolites, Peschanaya Cove, Medny Is. 
3/5—78 Basaltic dyke, Sulkovski Pt., Medny Is. 
7/2—77 Na-rhyolite from stock soitward of Kotenok Pt.. Medny Is. 
5/2—89 Na-rhyolite lava flow, Peschanaya Cove, Medny Is. 
5/4—77 Propilitized Na-rhyolite from stock in Peschanaya Cove. Medny Is. 
5/5—77 Fresh Na-rhyolite lava flow, the same locality. 
6/22—77 Propilitized Na-rhyolite from stock, Matvei Pt., Medny Is. 
6/4—78 Glassy Na-rhyolite lava, Trofimovski Cove, Medny Is. 
2/10—78; 2/11—78 Na-rhyolite lavas, Preobrazhenskaya Cove, Medny Is. 
Sh—3 Propilitized basalt, Finger Bay formation, Adak Is. (Collection of D. W. 

S e n o i l ) . 

Basalt-dolerite subalkaline association 

14/3—78 Subalkaline basaltic lava flow, Northern part of Bering Is. 
7/2—78 Subalkaline basaltic dyke, Gladkovskaya Cove, Medny Is. 
13/1—78 Subalkaline gabbroic stock, Arii Pt., Medny Is. 
19/10—78 Trachybasaltic lava flow, Northern part of Bering Is. 
415/77 Subalkaline dolerite sill, Vhodnoi Reef Pt., Bering Is. 
13/6g—78 The same, Scinyi Mt, Northern part of Bering Is. 
19/1—87 Teschenitic sill, Nickolskoye, Bering Is. 
1/1—78; g/7—78 Teschenitic dykes, Zhirovaya Cove, Medny Is. 
B—1 "Beringitic" dyke, Dykaya Cove, Bering Is. (Z h e g 1 o v, 1964). 
17/3—78 Teschenitic dyke, Monati Pt., Southernmost Bering Is. 
19/18—78 Teschenitic sill, Caunta Pt.. Northern Is, Bering Is. 
20/1—78 Teschenitic dyke, Nickolskoye, Bering Is. 
3/2—78; 3/3—78 Subalkaline basaltic dykes, Sulkovski Pt., Northern part of Medny Is. 
3/19—78 Teschenitic dyke, the same locality. 

Diorite-granodiorite association 

12/17—77 Biotite-hornblende tonalite, Kuropatkin Mt., Medny Is. 
13/12—77 Quartz diorite, Glinka Cove. Medny Is. 
8/2—78; 11/6—77 Granodiorites, Cherny Pt., Medny Is. 
11/7—77 Aplitic veinlet in granodiorite, Cherny Pt., Medny Is. 
10/29—78; 10/14—78 Andesite-basaltic lava flows, Southern part of Medny Is. 
11/4—78 Andesitic lava flow, the same locality. 
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10/6—78; 10/15—87 Andesi t ic dykes South Eas tern Pt., M e d n y Is. 
9/136—78 Andesi t ic lava flow, G l i n k a Cove, M e d n y Is. 
9/1—78 Dacitic lava flow, t h e s a m e locality. 
S h — 1 Tonali te, K a g a l a s h a Is. (Collection of D. W. S e n o i l ) . 

A P P E N D I X 2. A N A L Y T I C A L M E T H O D S 

Microprobe analyses w e r e done on " C a m e c a " housed in the I n s t i t u t e of Ore De­
posits Geology, Petrology, Mineralogy and Geochemis t ry of t h e USSR A c a d e m y of 
Sciences in Moscow (IGEM). Analyses w e r e done at 20 kV wi th a c u r r e n t of 50 mA. 

All e lements w e r e counted for 70 seconds. Analys t M. V. T s v e t k o v a. Analyses 
were refined using a special correct ing p r o g r a m m e P U M A based on Z A F m e t h o d for 
Canon CX-1 computer . A Unified I G E M collection of s t a n d a r d s was used. S t a n d a r d s 
were obta ined from the F e r s m a n i a n Minera logica l M u s e u m and Mineralogical M u ­
seum of I M G R E I n s t i t u t e in Moscow. S t a n d a r d s used w e r e c h r o m d i o p s i d e B-6, 
shrolomite S-68, spessar t ine K-50, albite K-48, aegir ine S-38, olivine B-14, a d u l a r 
K-34, m a g n e t i t e S-135, rut i le S-103. 

Major e lements w e r e d e t e r m i n e d by X - r a y spectroscopy convent ional wet chemical 
analysis t e c h n i q u e and t race e lements by q u a n t i t a t i v e emiss ion analys is in chemica l 
laboratories of IGEM. REE, along w i t h some whole rock and t race e l e m e n t analyses 
were done in U S G S laborator ies (Menlo P a r k California) using i n s t r u m e n t a l n e u t r o n 
activation, X - r a y f luorescence and emission spectroscopy techniques . Analys t s B. 
L a i , S. R a m a g e , D. M c C o w n, R. K n i g h t (USA), D. K n y a s e v a, E. 
L o m a i k o , L. Z ú b k o v a, G. E s i k o v a (USSR). 

K/Ar age d e t e r m i n a t i o n s were carr ied out on a special I G E M argon device and 
MI-1201 mass-spect rometer by isotope di lut ion technique . With the addi t ion o. Ar ! i i 

as a spike, potass ium was d e t e r m i n e d by flame spect rophotometry . Radiological ages 
were calculated using cons tants r e c o m m e n d e d by I n t e r n a t i o n a l Subcommiss ion on Geo-
chronology at t h e X X V I n t e r n a t i o n a l Geological Congress : AK = 0.581 . 10"'" years - 1 , 
,-0 = 4.962 . lO"1 0 years" 1 , ''"K = 0.01167 at. % . Analys t M. M. A r a k el j a n z. Several 
de te rminat ions w e r e done USGS lab. in Menlo P a r k u n d e r supervis ion of Dr. L. 
S i 1 b e r m a n. 

Sr and Nd isotopic analyses were done in I G E M by D. Z h u r a v 1 e v using m a s s -
-spectrometer MI-1320. The typical ana ly t ica l u n c e r t a i n t y w a s 0.005 % for Nd and 
0.007 % for Sm (2omean). Nd was m e a s u r e d as N d + on t r ip le f i lament assembly using 
Re f i laments . The resul t s were f ract ionat ion corrected to l r , 0 N d / l H N d = 0.238619 
(W a s s e r b u r g et al., 1981). Six isotopes of Nd (143—150) w e r e m e a s u r e d at ion 
intensities of 1 M N d 3—10 x 1012 A. The m e a s u r e d ' ^ N d / ' ^ N d , I ' ' ( iNd/"'''Nd and i / l 8Nd/ 
'"'"'Nd rat ios differ f rome those of J . W a s s e r b u g ( W a s s e r b u r g et al., 1981) 
not m o r e t h a n by 0.004%. Measured 1 4 3 Nd/ 1 4 4 Nd ra t io for BCR-1 w a s 0.511836 + 26 
and falls w i t h i n t h e d a t a of t h e leading isotope laborator ies . 

Sr was m e a s u r e d on a single f i lament, Ta. T h e resul t s w e r e n o r m a l i z e d to 8 7 Sr/ 8 6 Sr 
for SRM-887 0.71022. The m e a s u r e d va lue was 0.71030 + 2 (average of 17 analyses. 
2(Jmean) • 

(143Nd/144Nd) meas . — (147Sm/144Nd meas . (e^ T — 1) 
(143Nd/144Ňd) C H Ů R --~(147Sm/144Nd) C H U R (e^T — l j 

w h e r e T-is 
the age of the rock. T h e following C H U R character i s t ics were used in ca lcu la t ions : 
(143Nd/144Nd) C H U R = 0.511847; (147Sm/144Nd) C H U R = 0.1967; (87Sr/86Sr) Ur = 
0.7045; (87Rb/86Sr) U r = 0.0827. AU7sm = 6.54 . 10~12 year" 1, A87Rb = 1.42 . 1 0 " u year" 1 . 
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