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MAGMATIC ROCKS FROM THE KERMADEC ARC SYSTEM: EVIDENCE
FOR AN UNUSUAL EOREARC MAGMA TYPE

[.A.Tararin*, I.K.Pushchin'*, P.F.Ballance***, Yu.l. Konovalov*"®,
S.K.Zlobin****

*ar Eastern Geological Institute, Kussion Academy of Sciences, Viediyvostok
**Pacific Oceanological Insiinite, Russian leademyv of Sciences,
¥EEDopartment of Geology, University of Aducklund, | Aucklund, New Lealand
¥EERLornadsky Institiute of Geachemisiry and Analytical Chemisiry, Moscow

Two dredging and profiling traverses were conduciod across the Kermadee are systom at 30-33°S, The system
comprises, from the west, the Colville Ridge (remnant arcy, Havre Trough (active backare hasin), Kermadec
Ridge (active arc). trench slope/forcare, Kermadee Trench, Pacific Plate occan {loor entering the trench,
The system has been active since the carly Miocene. Basalts and dolerites from the remnant arc and from
the upper regions of the active are arce typical island arc tholciites (IA T). Basalts from wn Focene scamount
cntering the trench are typical occan istand basalts. Basalt from the backare basin is strongly contaminated
by IAT, apparently as a result of strong asymmetry in the basin which retains the spreading axis within 40-
30 km of the arc. Basalts and dolerites recovered from the lower trench slope. deepor than 7 k. have a
gcachemistry which is intermediate in nature between PAT and occan plate basalt, This indivates a provisusly
unknown locus of magma generation bencath the necanic forcare, in which magma with aspects of both IAT
and occan plate basalt is generated: eruption sites and mechanisms arc unknown, and many problems remain

to be investigated.

INTRODUCTION

Geochemical distinctions between magma
generated in the major tectonic environments have been
well established for some time. and fine tuning of the
distinctions is proceeding apace. In particular. magmatic
arc magmas show major differences from the various
ocean plate basalts. In this paper we report what appears
to be a new magma source. [t is focated in the outer
forearc of the Kermadec arc, above the shallow part of
the dipping Pacific Plate slab. and the magmas are
intermadiate in geochemistry between ocean floor basalts
and istand arc tholeiites.

The Kermadec are or tectonic system includes the
Kermadec Trench. the forearc. Kermadee Ridece (active
arc). Havre Trough (active spreading basin). and Colville
Ridge (remnantarc) [12] (Fig. ). It forms part of the New
Zealand Lineament of Pushchin [19). and is continuous
with the Tonga arc to the north [24]. and the New Zealund
arc (Taupo Volcanic Zone) to the south [26]. Both the
Tonga and Kermadec arcs are intra-oceanic, white the
New Zecaland arc is continental. All three sectors
originated simultancously at the beginning of the Miocene,

but the Kermadec sector is the simplest of the three in
terms of structure and history 1},

Little work has been done on the Kermadee arc
system. despite its being one of the first arcs to be
interpreted in terms of an arc-backare basin-remnant arc
trilogy [12]. The volcanology and petrography of the four
Kermadec volcanic islands. and some of the submarine
volcanoes near New Zealand. have been fairly thoroughly
investigated [8. T4 220 23, 28], with further work in
progress. Theislands are situated on the northern section
of the Kermadec Ridgo 1337 10 269S). where the volcanic
edifices cap the ridge [6] Between 337S and the transition
to the New Zealand sector at 3798 the volcanic edifices
occur 20 to 40 ki west of (hehind) the ridge [28].

Acromagnctic investigations of the Havre Trough
were interpreted in terms of symmetrical spreading models
[13]. However, recent work based on swath mapping and
profiles has suggested that the trough is strongh
asvmmetric, with the spreading ridge occcurring only 40
to 30 km west of the Kermadece Ridge and broken into
short en cchelon segments which arve rotated clockwise of
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Fig. 1. Simplificd bathvmetry of the south-
west Pacilic showing the clements of the
Tonga-Kermadee-New Zealand are. Isobats
in metres. N17-F and 2 are the two geotra-
verses from Akademic Aleksandr Nesmeva-
nov, Leg 17, Shaded arca is Central Volcanic
Region of North Island. New Zealand
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the overall trend of the Trough [1. 5. 27]. The age of the
Trough is not well controlled, but 2 to 3 Ma seems likely.
North of 32°S the Trough changes in character from a
clearly defined rift to a more diffuse. more sedimented
depression [1].

The Colville Ridge (remnant arc) dates from the
early Miocene [1]. Volcanism ceased towards the end of
the Pliocene. after which there was up to I km of
subsidence. Information on the Colville Ridge is mainly
derived from our cruise.

This study is based on suite samples collected on
two dredging. coring and profiling (single channel seisimic.
magnetic) traverses across the entive arc system. at
approximately 30-31°S. and 32°S (Figs. 2. 3). The
operation was conducted trom RV Akademic Alexandr
Nesmeyanov, Cruise No. 17. November-December 1989,
A wide range of volcaniclastic/carbonate sedimentary
rocks was recovered. along with large numbers of igneous
rock clasts. As typical in the southwest Pacific, dacitic
pumice clasts are a common. sometimes exclusive.
component of the dredge hauls. The pumice originates
from submarine eruptions of the more evolved centres of
the Tonga-Kermadec arcs.

The analysis of basaltic samples from all sectors
of the traverses suggests that we sampled typical arc lavas
from the Colville and upper Kermadec Ridges. and typical
ocean plate lavas from a scamount entering the trench.
Backare spreading lavas trom the Havre Trough appear
to be strongly contaminated by a leakage of arc-tholeiite
magmas from the arc. Similar contamination has been
suggested for the Lau Basin [9]. which is the northward
continuation of the Havre Trough. although to a lesser
degree. Lavas from the lower trench stope. deeper than 7
km.are intermediate in geochemistry between occan tloor
basalts and island arc tholeiites. and appear to consist of
arc tholeiites contaminated to some degree by ocean plate
rocks. This finding is new. and suggests the existence of a
previously unknown locus of magma generation beneath
an oceanic forearc.

ANALYTICAL METHODS

Mineral composirions were determined by a
Camebax electron microprobe fitted with a Kevex energy
dispersive detector at the Institute of Volcanology of
Russian Academy of Sciences.

Whole-rock chemical analyses awvere completed by
wet chemical methods and N-ray fluorescence using
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Fig. 2. Detailed bathymetry around the two traverses (1 and positions of dredge hauls (7). Contour interyal 300 m,
(3) - axes of the main structural features (figures in circles): 1 - Colville Ridge. 2 - Havre Trough. 3 - Kermadee
Qidge, 4 - Kermadee Tronch.
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standard technique. Minor lithophylic elements (Rb, Sy,
Ba, Zr, Y) were determined by the X-ray radiometric
method at the Primorye Geological Survey and Ni, Co,
Cr, V, Cu by the quantitative spectroscopic analysis at
the Far Eastern Geological Institute of Russian Academy
of Sciences. Before preparation for analytical work all
specimens were flushed with distilled water to remove any
surficial contamination due to immersion in sea water.

1. COLVILLE RIDGE AND UPPER SLOPES OF THE
KERMADEC RIDGE

A diverse suite of igneous rocks was dredged from
the two ridges, but all the rocks are typical arc magmas
or metamorphosed equivalents. As would be expected. a
wider range of intrusive rocks was recovered from the
remnant arc, on account of the lack of recent volcanic
products to cover fault scarps and eroded slopes. The most
abundant rock types were gabbro, dolerite and basalt.

1.1 Unaltered rocks

Fresh or slightly altered basalts and dolerites were
dominant on the top 1000 m of the two ridges. Basalts
are vesicular and plagioclase-phyric. Phenocryst
assemblages are P, PI+ Ol and PI+Ol+Cpx'. Plagioclase
phenocrysts contain abundant melt inclusions. and typical
display oscillatory zoning superimposed on a decrease in
An content from core (An82-76) to rim (An63). Texture
and phenocryst abundance vary widely. Plagioclase
microlites vary from An60 to An65. Glass groundmass
comprises up to 3%, of the rocks. Accessory minerals
include olivine (normally <1"s). titanomagnetite and
clinipyroxene (typically Ca23-35Mg39-49Fe22-26. but
Ca-poor (Ca3-13) and jacketed by pigeonite in sample
haul 14 on the Kermadec Ridge). Dolerites are similar in
petrography.

In mineral assemblage and chemical composition
these rocks are very similar to high-alumina basalts from
Macauley Island in the Kermadec Group [3]. Submarine
weathering occured in some samples (plagioclase 1o
zeolite, smectite and calcite; olivine to smectite). '

Less common rock tvpes include quartz diorite
(plagioclase and green hornblende. Fe-Ti oxides. apatite
and interstitial quartz). plagiogranite (one sample. an
inclusion in basalt. comprising about 60%: sodic
plagioclase. 30% quartz and dark minerals). and a two-
pyroxcne basalt which occurred as clasts in a breccia
sample from dredge haul 15 (phenocrysts of
orthopyroxence rimmed by clinopyroxene. and sub-calcic
augite).

1.2. Altered vocks

Metamorphosed rocks were recovered from the
Colville Ridge. mostly in dredge haul 6. trom the crest of
the ridge (Fig. 2y, Metagabbro includes both Cpx-Pland
Hbl-Pl varieties. The former has ophitic texture with up
to 60%s zoned plagioclase (partly replaced by chlovite and

zeolite) and 33%» prismatic clinopyroxene (partly replaced
by green Ca-amphibole and chlorite). The amphibole
geotermobarometer of Mishkin [ 7] indicates greenschist
facies metamorphism (T=370-435°C. P <1 to 1.8 kbar).
Hbl-PI metagabbro consists of albitised plagioclase and
35-4iV e actinolite with associated Fe-Ti oxides.

Metadolerites and metabasalts similarly shown
substantial replacement of plagioclase and clinopyrosene
by zeolite, epidote, chlorite and low-aluminous actinilite.
The latter indicates metamorphism at 400-1200C and 1-2
Kbar. in the same range as the metagabbros.

1.3. Geochemisiry

Table 1 shows whole-rock analyses of represen-
tative samples of volcanic and plutonic ro 'ks from both
Ridges (the final column is olivine basal: {rom the centre
of the Havre Trough). Figures 4 and > are Tivs Cr and
Tivs Vdiscrimination diagrams. The "ocks plotas typical
fow-Ti Island Arc Tholeittes (IAT).

Table 2 shows microprobe analyses of represen-
tative minerals from metagabbro ar d metabasalts from
the crest of the Colville Ridge (dredge haul 6).

2. OUTER TRENCH SLOPE JSEAMOUNT ALKALINE
BASALTS

Dredge hauls 28,029 and 31 were taken from the
upper slopes of an uannamed scamount which is presently
entering the trench. The scamount is dated as Focene
SARELY Ma [20]. Dyedge 27, taken near the base of the
outer trench wall. is equivocal: it can be regarded as
sampling cither the lower slopes of the scamount. or the
underlying acean crust is probably of early Cretaceous
age [H].

2.1. Petvography

Typical samples are pillow fragments up to 25 ¢cm
diameter. in with glassy rims. Preservation of glass in such
rocks is unusual. The basalt is normaly phyric. with
phenocryst assaciations O1 (dredees 27, 29). O1-PL (27.
28). OI-Cpx-Pl (27, 31) and Pl (27). The most common
rock is vesicular basalt with phenocrysts of complexly
zoned plagioclase (An83-6.4). zoned Ti-rich augite. and
smectite pscudomorphs of olivine. The groundmass
ranges from glassy to doleritic. Glomeroporphyric clusters
of plcpytFe-Tioxides are common. Picrite basaltis rare.

2.2, Geochemistry

Fable 3 lists whole-rock analvses of representative
samples. The racks have high Ti. Na. K. P Cr. Niand
lithophile element contents. and are closely comparable
with the olivine basilt series of oceanic islands and
seamounts. They plotin the oceanice field on the Ti-Cy
diagram of Pearce [I8) (Fig. - and in the intraplate Liva
ficld on the Ti-V diagram of Shervais [21] (Fig 3).

Nany samples are affected by low-temperature
metamorphism and submarine weathering. Scecondary
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Table 1

Representative whole-rock analyses of volcanic and plutonic rocks from the Colville and Upper

LOI
Total
Rb
Sr
Ba
Lr
Ni
Co
Cr
v
Si0;
TiO,
AL O,
Fe,O;
FeO
MnoO
MgO
CaQ
o

43.20
0.68
18.97
S5.70
3.95
0.30
6.95
11.24
263
0.18
0.17
4.61
0.92
99.50
0
213
St
24
81
32
21
201
50.95
0.86
18.73
394
6.54
0.19
4.92
10.62
2.30

X
48.00
0.45
17.35
4.71
4.34
0.13
8.70
10.43
2.36
0.08
0.10
2.85
.00
99.50

n.d.
n.d.
n.d.
n.d.

120
60
68

320
50.26

0.64
18.57
292
6.76
0.17
5.39

11.85

2.26

Kermadec Ridgees

A Y
42.73 46.44
0.83 0.64
17.30 18.61
6.71 4.83
454 1.42
0.13 0.16
4.27 6.59
13.93 12.03
2.01 2.28
015 019
0.20 0.17
2.6Y 2.77
4.07 1.09
99.96  100.22
n.d. n.d.
n.d. n.d.
n.d. n.d.
n.d. n.d.
44 4]
37 22
42 23
224 190
49.87 49.40
0.56 0.72
19.96 19.00
2.58 5.04
7.12 6.18
0.17 0.17
4.36 4.56
12.658 11.33

2.7

J6/9 ) 623

214

_X 01 1 50/2
I
48.30 48.60)
0.93 0.75
17.00 16.57
9.07 9,30
2,46 2.86
0.22 041
6.78 5.42
7.46 9.70
2.9 3.20
J.31 147
017 0.12
2.4 n.d.
.00 1.68
99 56 9978
35 12
293 PER
442 437
45 38
S0 36
38 29
35 22
430 230
50,67 5168
0.65 1.09
17.56 16.44
317 5.78
6.39 6.533
0.17 0.22
3.582 4.56
12.36 7.83
2.09

2.46

592
0.17
7.08
1119
2.39
0.42
0.20
0.75
0.00
99.70

269
60.35

1.14
15.36
4.47

N CVA N

52.90
(.91
18.24
3.19
6.69
0.20
3.68
8.74
3.21
112
0.31
.17
0.00
99.66
31
313

280

265
50.05

(.84
19.15
4.33
484
0.17
4.74
11.53
2.47
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Table 1 (Continued)

47/1 | a4 | a6 | 48/t | 484 | 1501 14/8 | 54/

L 9 10 1 12 13 14 15 16

K,0 030 021 0.41 024 035 058 020 037

P05 0.13 010 006 012 005 012 068 015

H, 0t 0.51 0.49 nd. 087 nd. 273 1.36 .44

LOI 000 000 015 000 059 000 000 000

Total 9999 9962 10029 100.07  99.77 9996  99.60  100.08
Rb 0 5 0 7 2 0 0 0
St 203 187 161 195 170 186 219 184
Ba 100 80 84 88 103 168 176 s
Zr 1 8 6 14 15 48 74 25
Ni 41 54 49 45 56 24 - 57
Co 30 46 43 45 42 28 5 41
Cr 26 19 12 13 46 - - 47
v 440 440 420 530 490 282 74 430
Cu 140 128 131 136 105 35 7 154

- metadolerite, 2 -

Note. Colville Ridge: |

plagioclase basalt. Upper Kermadee Ridge: 7-13 -

metagabbro. 3-4 - olivine-clinopyroxene-plagioclase basalt. 3-6 -

clinopyroxene-

olivine-clinopyroxene-plagioclase basalt. 14 - two-pyroxene basalt.

Fig. 4. Ti vs Cr variation diagram
(18] for magmatic rocks of the
Kermadee system. | - alkaline

basalts from the scamount/outer

trench slope, 2 - basalts from the

lower inner trench slope deeper 7

km. 3 - basalts from the upper part
of the Kermadec Ridge and from
the Colville Ridge (remnant arc).

OFB = occan floor basalt. IAT =

island arc tholciite.

15 - quartz metadiorite. Harve Trough: 16 - olivine-clinopyroxence-plagioclase basalt.
Ti x1023ppm
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S.oVovs Tidiagram [21]. Symbols as in fig. 4.

minerals include zeolites and smectite. Alteration of glassy
mesostasis and olivine phenocrysts has resulted in
significant enrichment in ferric iron and water.

3. BACKARC BASIN LAVAS

Onedredge haul. 54, was recovered from the centre
of the Havre Trough. The rocks are pillow basalts with
glassy rims. They are thought to lie west of the active
spreading centre. and yielded a K-Ar date of 1.37+1.55
Ma: the large error factor makes the reliability of the
dating questionable. Many of the rocks were encrusted
with ferromanganese and sulphide minerals.

3.1. Petrography

The rocks are olivine basaslts with phenocryst
assemblages OI-Pl. and O1-Cpx-Pl. Phenocrysts make up
20% of the basalts. and dominant is plagioclase of
composition An86-70 displaying oscillatory zoning. The
MAtrix contains a glass mesostasis.

3.2. Geochemistry

Whole-rock analyses of one sample (Table 1.
sample 34/1) reveals a composition very similar to the
IAT of the Colville and Kermadec Ridges. and on the

Table 2

Representative microprobe analyses of minerals in metagabbro (Sample 6/2) and metabasalt

(Sample 6/12) from the Colville Ridge

6/2 6/12

Cpxe Cpx, Plc Pl; Hbl! Hbl2 PI Hbl
Si0, 5240 35221 5114 3975 5449 5011 53.40  52.06
TiO, 0.33 0.37 0.00 0.00 0.34 0.54 0.02 0.23
Al;O; 2.13 204 3053 2612 2.96 585 29.07 3.44
Cr,04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
FeO 11.40 12.29 0.78 0.53 10.86 11.64 1.56 15.84
MnO 0.15 0.26 0.00 0.00 0.01 0.03 0.00 0.44
MgO 14.82 14.01 0.04 0.01 16.94 15.70 0.08 13.71
Ca0 19.16 19.20 13.26 7.70 12.18 11.96 12.57 12.26
Na,0 0.25 0.27 4.42 6.38 0.63 1.16 1.68 0.19
K;O 0.02 0.02 0.13 0.28 0.11 0.10 0.14 0.17
Total  100.66  100.67  100.30  100.77  98.52  97.09  101.52 98.34
Wo 39.4 39.8
En 42.3 40.3
Fs 18.3 19.9
Xz 0.698  0.670 0.735  0.706 0.607
Xan 0.620  0.394
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Table 3

Representative whole-rock analyses of an alkaline basalt from a seamount on the Kermadec
outer trench slope

276 127/2 I3yt 2779 1291 2973 2775|292
Si0, 4303 4683  47.02 4581 4543 4797 4474  49.50
Ti0, 174 266 390 312 309 346 309  3.88
ALO; 1006 1472 1577 1489 1777 1931 1575  18.32
Fe,0; 1183 1191 1291 788 1189 908 490 497
FeO - - 0.95 208 099 168 3.3 0.78
MnO 014 013 0.1 0.16 026 021 0.16 0.20
MgO 1694 527 3.51 432 336 214 370 3.04
CaO 5.81 9.12 523 969 628 535 1166 4.64
N2,0 189 249 258 344 322 3.0 320 3.02
K,O 99 076 243 284 212 252 254 247
P,O; 0.23 038 1.06 059 1.17 109 070 096
H,0* - - 295 241 3.92 nd. 199 280
LOI 6.91 5.57 1.12 234 0.00 378 384 030
Total  99.57  99.84 9954 9957 9950  99.63 9950  99.88
Rb - - 35 2 45 28 17 55
Sr 236 372 515 426 774 598 381 662
Ba 163 121 311 427 515 525 373 504
Zr 90 147 261 248 434 362 214 383
Ni 809 484 193 83 184 88 7 103
Co 77 61 50 26 64 53 23 46
Cr 569 425 300 150 11 214 156 217
v 106 197 156 176 1 154 191 124
Cu 40 50 149 55 60 75 40 70

Note. Sample 27/6 - olivine picrobasalt; 27/2. 31/1
basalt: 29/3

discrimination diagrams the sample plots with the IAT
(Fig. 4. 5) and quite distinct from ocean floor basalts.

4. THE KERMADEC LOWER TRENCH SLOPE

These are the rocks whose geochemistry is
enigmatic. Dredges 23, 25, 26 were taken from depths
greater than 7 km. They comprised diamictons of igneous
clasts up to 15 emin diaumeter in grey vitric rhyolitic mud.
The clasts from the deepest haul (25, 8.7-8.3 km)
comprised basalt and volcanic breccia (¢. 75%0). and
dolerite and gabbro (23" ¢). At 7.83to 7.4 km (26) basaltic

- ofivine-clinopyroxenc-plagioclase basalt: 27/9. 29/1
- olivine basalt: 27/5 - plagioclase basalt: 29/2 -

- olivine-plagioclase
aphyric basalt

and rare andesitic rocks. and at 7.6 to 7 km (23) a diverse
suite of rocks. were recovered. The latter comprised
indurated volcanic breccia (c. 30°0). metagabbro and
metadolerite (23%0). fresh and altered basalt (20" 0). and
minor volcanic sedimentary rocks. Individual rock clasts
may have been released from volcanic breccias by
breakage during dredging. A single K-Ar date from a
basalt clast gave alate Miocene age (7.84£0.64 Ma) [20).
4. 1. Petrography - volcanic breccias

Indurated volcanic breccias contain angular clasts
up to 10 cm in diameter. cemented by smectite and
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Table 4

Representative microprobe analyses of minerals and glasses in volcanic breccias from the lower
slope of the Kermadec Trench

23/44 23/24

Cpx! | Cpx! | Pl | CpxX" | Glass | Cpx' | pI' | Omp
S$i0, 5220 5252 5030 4954 5187 5282 4748 3347
Tio, 028 034 000 154 124 045 000 124
ALO, 186 191 3048 886 1518 327 3287 1565
CrnOs 002 000 000 000 000 035 000 000
FeO 657 770 084 1027 978 609 053 857
MO 000 005 000 006 004 000 000  0.00
MgO 1706 17.03 015 1350 522 156l 015 519
CaO0 2021 2007 1432 1581 965 2071 1641 9.5
Na,0 025 045 353 051 214 020 231 528
K.0 002 003 006 007 049 002 005 037
Total 9367 9980  99.68  100.16 9531 9952  99.80  99.28
Wo 412 403 37.1 43.9 40.6
En 484 476 44.1 46.0 30.8
Fs 104 121 18.8 10.1 28.6
Xose 0.822  0.798 0701 0483  0.820 0.519
Xan 0.689 0.794

Note. Cpx'. PIT - phenocryst. Cpx® - microlite. Owmp -

zeolites. The most common clast type is fresh black

basaltic glass. which has a high-Ti content (Table 4.

sample 23/44). The glass contains rare phenocrysts of
plagioclase (An80-68) and augite. while groundmass -
pyroxene have a composition very different from the

phenocrysts. indicating an evolution tvpical of the

tholeiitic series.

Other components of the breccia include fresh and
altered basalt. dolerite. gabbro and crystals of Cpx. Pl
and Fe-Tioxides. Rare xenocrysts of omphacite (Table 4.
sample 23/24) indicate that bodies of low-temperature
eclogite. typical of blueschist metamorphic conditions.
may occur bencath the forearc [25].

4.2. Petrography - basalt and dolerite

The most common rocks are porphyric with
Cpx+PI2O1. Plagioclase is An853-60. The groundmass
consists of microlites of plagioclase. pyroxene and Fe-Ti
oxides in glass. Rare crome spinel has a composition close
to abyssal basalt spinel. Compared with the phenocrysts,

omphacite (Xenocryst),

groundmass pvroxenes have much higher Ti and Al
content. lower Mg/(Mg+Fe) ratio. and lower Ca content.
Dolerites have plagioclase with An67-39 lower than the
basalts. and rare brown hornblende. but they are
otherwise similar and have 10-20°q interstitial glass. Table
S lists microprobe analyses of minerals in basalt (samples
25/4.25/9y and dolerite (sample 25/20).

Other basalt and dolerite tvpes present include
porphyritic tvpes with phenocryst assemblages Pl PI+O1.
Pl+Cpx. PI+O1+Cpx. and OI+Cpx. Rare rock tvpes
include aphyric basalt. Opx+Cpx+Pl phyric basalt. and
andesite. Manv samples show low-temperature alteration
(altered glass, smectite, zeolites).

4.3. Geochemistry - basalts and dolervites

Major and trace clement analvses are listed in
Table 6. They document an unusual composition. TiO,
content ranges from 1.0 to 1.6 wt. “w. while Cr and Ni
vary widely. On both the Ti-Cr and Ti-V discrimination
diagrams (Fig. 4. 5) these sumples plot in a region inter-
mediate between the tvpical ficlds occupied by Colville
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Table 5

Representative microprobe analyses of minerals in basalt from the lower slope of the
Kermadec Trench

25/4

ot | o | ope L or L eod | opr | sp | Glass
Si0; 39.97 52.39 53.46 39.93 46.92 51.94 0.02 49.85
TiO: 0.00 0.29 0.00 0.00 1.66 0.00 0.42 1.44
AlO; 0.00 2.01 28.58 0.00 7.08 30.33 40.50 20.79
Cr,0, 0.00 0.04 0.00 0.00 0.00 0.00 26.49 0.00
teO 12.68 7.52 0.92 12.51 11.01 0.95 16.17 6.22
MnO 0.09 0.13 0.00 0.11 0.16 0.00 0.22 0.05
MgO 46.28 18.32 0.25 45.83 13.26 0.27 17.17 2.30
NiO 0.08 0.00 0.00 0.04 0.00 0.00 0.00 0.00
Ca0 0.33 17.04 12.24 0.34 18.62 13.45 0.05 13.64
Na.O 0.01 1.69 4.20 0.02 0.39 3.45 0.00 3.24
K;O 0.00 0.00 0.04 0.00 0.00 0.02 0.01 0.03
Total 99.44 99.43 99.69 98.78 99.10 l()().éﬂ 101.05 97.56
Wo 35.2 40.8
En 52.7 40.4
Fs 12.1 18.8
X 0.867 0.813 0.867 0.682 0.708 0.398
Xan 0.615 0.684
Si0; 51.36 50.13 54.39 46.27 51.62 51.31 51.33 52.935
TiO; 0.46 0.73 0.07 1.58 0.71 0.87 0.00 0.00
Al:O; 3.84 4.98 29.14 8.98 4.42 4.08 31.23 29.55
Cr.0, 0.95 0.03 0.00 0.00 0.76 0.00 0.00 0.00
FeO 5.49 6.72 1.06 9.74 6.48 9.16 0.59. 1.00
MnO 0.00 0.01 0.00 0.09 0.05 0.08 0.00 0.00
MgO 15.19 14.83 0.33 12.37 15.78 14.67 0.23 0.10
NiO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CaO 21.86 21.90 12.18 19.91 19.47 19.38 13.61 12.04
Na;O 0.21 0.24 3.60 0.35 0.24 0.24 3.67 4.54
K,0 0.00 0.02 0.03 0.02 0.01 0.02 0.03 0.04
Total 99.56 99.59 "100.80 9931 99.54 99.81 100.69 100.22
Wo 462 4538 445 419 413
En 44.7 432 38.5 472 435
Fs 9.1 11.0 17.0 10.9 15.2
X 0831 0.797 0694 0813 0741
XAn 0.650 0.670 0.593

Note. Ol'. Cpx!. PI' - phenoeryst. O12, Cpx?. P12

olivine-clinopyroxene basalt: 25/20 -

- microlite. Sample 25/4 -olivine-clinopyroxenc-plagioclase basalt: 23/9 -
dolerite. Glass in the Sample 25/4 is from an inclusion in olivine.
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Table 6

Representative whole-rock analyses of volcanic and plutonic rocks from the lower slope of the

Kermadec Trench

23/3 | 23/13 | 23730 | 25/4 | 2341 | 20/1 | 25/9 | 2572
1 2 3 4 5 6 7 8

Si0, 5018 49.67 4942 4988 4927 5131 4938  48.14
TiO, 118 .44 1.21 1.21 115 1.58 114 1.22
ALO, 1503 1531 1602 1523 1662 1536 1585 1527
Fe.O, 405 446 520 450 538 703 5l6 532
FeO 6.05 622 442 623 449 406 497 445
MnO 0.6 019 045 017 015 018 015 016
MgO 6.34 649 7.0 713 665 530 677 720
Ca0 790 959 1014 1069 1097 1003 1166 977
Na,O 416 265 270 2.81 279 280 2.86 3.14
KO 084 051 046 0.4 042 060 043 1.05
P,Os 0.18 021 0.18 023 019 024 018 024
H.0" 3.65 2.82 1.76 1.28 1.90 1.05 099 3.71
Total  99.72 9956 9946  99.77 9998  99.58 9954 9967
Rb 7 0 0 5 0 52 8 Il
Sr 242 150 152 11 113 120 96 166
Ba 74 34 35 28 33 20 51 17
Zr 74 100 55 57 51 78 48 67
Ni 61 67 75 9] 90 51 87 125
Co 25 33 36 40 47 21 28 47
Cr 61 38 190 171 122 69 244 264
\Y 166 211 225 281 258 273 284 273
Cu 28 70 75 85 90 47 142 80

Note. 1 - metagabro. 2 -

mctadolerite, 3-4 - olivine-clinopyroxence-plagioclase basalt, 3-6 -

7 - olivine-clinopyroxene basalt. 8 - plagioclase basalt.

clinopyroxene-plagioclase basalt.

Ridge/upper Kermadec Ridge IAT and the Pacific Plate
basaltic seamount.
4.4. Petrography - metagabbro and meradolerite

The metagabbros (3 samples) are plagioclase
(An>5-46)-augite-titanomagnetite rocks with up to 10"
of secondary minerals (chlorite. amphibole. zeolite).
Amphibole replacing augite is magnesio-hornblende after
Leake [13] (Table 7. sample 23/1). and the amphibole
geothermometer of Mishkin [17] vields a temperature of
470-530°C and a pressure of 1.2 kbar pressure. indicating
metamorphic conditions typical of the epidote-
amphibolite facies.

Metadolerites are more common. Their primary
mineralogy is the same as the metagabbros. with the
addition of rare brown hornblende. Secondary minerals
include chlorite. epidote. more sodic plagioclase. actinolite
and actinolitic hornblende. The two latter are low-
aluminous (Table 7. sample 23/13). and reflect low-grade
greenschist facies metamorphism (I=3700C. P<1 kbar).

5. DISCUSSION
Our tindings bear on two problems: geochemical
discriminarion between magmas generated in different

tectonic setting (e.g. [8]). and magma intrusion versus
tectonic emplacement to explain the common
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Table 7

Representative microprobe analyses of minerals inmetagarbbo (Sample 23/1) and metadolerite
(Sample 23/13) from the lower slope of the Kermadec Trench

23/1 23/13

Cpx, | Cpx" | P, | Hm | Cpx' | CpX’ | P, | Hbl
Si0, 5219 5294 5745 4831 5235  S195 6222 49.96
Tio, 059 002 000 085 061 050 000  0.00
ALO, 350 007 2712 838 335 110 2309 362
CrO, 008 000 000 078 000 000 000  0.00
FeO 840 1395 0,84 $43 772 1554 066 2115
MnO 006 021 000 000 005 050 000 044
MgO 1565 1152 001 1626 1545  1263° 000  8.74
CaO 2069 2125 928 1268 1990  17.50 455 1317
Na,0 031 034 604 114 020 005 845 033
K,0 0.03 003 012 012 000 003 013 0.9
Total 10150  100.33 10086 9665  99.64 9980  99.10  97.60
Wo 02 441 20 371
En 444 333 457 372
Fs 134 226 127 257
XMg 0.769 0.596 0.781 0.781 0.592 0.424
Xan 0.457 0.228

Note. Cpx!. Cpx* - various crystal.

juxtaposition of MORB-type and IAT rocks in oceanic
forearcs [10, 11]. To date. the obduction and accretion of
ocean plate and ocean istand rocks to oceanic forearcs
have been well documented [2]. whereas the intrusion of
magma into forearcs has been proved only at Deep
Drilling Program Site 781 in the Mariana forearc [16].
Here a basalt of IAT type has been intruded into forearc
sediments approximately midway between the trench and
the arc: a magma source similar to that of the arc was
inferred. The intimate association of MORB-like. Ocean
Island Basalt and IAT lavas in some dredge samples from
the Mariana forearc tead Johnson et al. [10. 11] to infer
that MORB-like magma might have been intruded into
the forearc. but proof is still lacking.

Nothing in our dredge samples suggests tectonic
incorporation of the ocean floor rocks into the Kermadec
forearc. However. the geochemically intermediate nature
of the basalts we recovered from the lower trench slope.
deeper than 7 km. with respect to ocean floor basalt and
[AT. suggests that magma generation is occurring beneath
the trench slope. The generation process produces a

magma with elements of the arc generation zone while
somehow incorporating various chemical components of
the downgoing slab.

Therc are many problems with this conclusion.
First. the source of the basaltic clasts is not established.
The fact they were recovered from diamictons deposited
by gravity flows indicates that some downslope transport
has occurred. but the extent of transport is not known.
No vents or seamounts have been identified on the trench
slope. and the magnetic profile across the whole forearc
is flat (Fig. 3): vents are known in the Mariana forearc.
but they erupt serpentine [7]. and we recovered no
serpentine in our dredge samples. Second. the one basalt
clast that was dated gave a late Miocenc age [1]. indicating
that the clast has been around on the trench slope for more
than 7 million vears. Thus the magmatic process has
presumably been in operation for at least that length of
time. Third. even if the required chemical composition
could be generated by partial melting of old MORB.
which is not certain. the downgoing slab of old crust is
still quite cold where it underlies the forearc. and thus a
localized source of heat would be required.
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The apparent contamination of backarc lavas of
the Havre Trough by IAT magmas is more readily
explained. The strong asymmetry of the trough places the
spreading centers within 40-50 km of the arc [1. 5. 28]. It
is relatively easy to envisage leakage of ascending arc
magmas across 40-50 km into the adjacent magma
generation zone of the spreading basin. A similar. though
less extreme. contamination was noted in the Lau Basin,
the northern continuation of the Havre Trough. where
the same asymmetry exists [9]. What is so far unexplained
is the reason for the pronounced asymmetry in the Lau-
Havre backarc basin.

Clearly. more work is needed to clarify the
magmatic processes at work in oceanic forearcs and
backarcs.

6. CONCLUSIONS

Our findings show that a previously unknown
process of magma generation is taking place beneath the
Kermadec forearc at about 31°S. The magma produced
is intermediate in chemical composition between island
arc tholeiites and ocean floor basalts. A feasible magma
process. and the place and style of eruption. are presently
unknown. Basaltic magmas being generated in the highly
asymmetric Havre Trough backarc spreading basin are
strongly contaminated by island arc tholeiite magmas.

ACKNOWLEDGEMENTS

We thank the Captain. crew and colleagues on the
RV dkademic Alexandr Nesmeyanov for their assistance
and encouragement. Early drafts of the manuscript were
reviewed by Lynn Johnson and Ian Smith.

REFERENCES

. Baltance P.F., Ablacv A.G., Pushchin LK., ¢t al. Form and
gcological history of the Kermadec voleanic arc at 30 to 320S:
regional tectonie significance. //Submitted.

2. Ballance P.F.. Barron J.A., Blomc C.D.. ¢t al. Latc
Cretaccous pelagic sediments, volcanic ash and biotas from
near the Louisville hotspot. Pacific Plate, paleolatitude

1205, //Palacogeogr. Palacoclimatol. Palacoccol. 1989, V.
71.P.281-299.

3. Brothers RUN. and Martin K.R. The geology of Macauley
Island. Kermadee Group. southwest Pacific. //Bull. Volcanol.
1970. V. 34, P. 330-346.

4. Burns R.E. and Andrews J.E. Regional aspects of deep sca
drilling in the southwest Pacific //Burns R.E., Andrews J.E ..
ctal. Initial Reports DSDP. vol 21. Wash. (U.S. Government
Print. Office). 1973, P. 897-906.

5. Caress D.AW. Structural trends and back-arc extention in

the Havre Trough. //Geophys. Res. Lett. 1991, VOIS, P

853-836.

Dupont J. The Tonga and Kermadee Ridges //AF M. Nairn,

F.G.Stehliand S. Uveda (Eds.). The Pacific Occan. Plenum:

New York, 1988, P. 375-409.

0.

<

7. Fryer P., Pcarce J.A ., Stokking L.B.. et al. Proc. ODP. Sci.
Results, 1235: College Station, TX (Ocean Drilling Program),
1992. 716 p.

8. Gamble J.A., Smith .LE.M., McCulloch M.T., et al. The
gecochemistry and petrogencsis of basalts from the Taupo
Volcanic Zone and Kermadec Island Arc. S.W. Pacific //J.
Volcanol. Geotherm. Res. 1993. V. 54, P. 265-290.

9. Jenner G.A., Cawood P.A., Rautenschlien M. and White
W.M. Composition ot back-arc basin volcanics, Valu Fa
Ridge. Lau Basin: evidence for a slab-derived component
in their mantle source /). Volcanol. Geotherm. Res. 1987.
V.32, P.209-222.

10. Johnson L.E. and Fryer P. The first evidence for MORB-
like lavas from the outer Mariana forcarc: geochemistry,
petrography and tectonic implications //Earth Planct. Sci.
Lett. 1990. V. 100. P. 504-316.

I'l. Johnson L.E.. Fryer P.. Tayvlor B.. ¢t al. New evidence for
crustal accretion in the outer Mariana fore arc: Cretaccous
radiolarian cherts and mid-occan ridge basalt-like lavas //
Geology. 1991. V. 19. P. 811-814.

12. Karig D.E. Ridges and basins of the Tonga-Kermadcece
island arc system //J. Geophys. Res.. 1970, V. 75. P. 2539-
254

13. Leake B.E. Noménclature of amphiboles //Canad. Mineral.
1978. V. 16. P. 501-320.

I4. Llovd E.F. and Nathan S. Geology and tephrochronology
of Raoul Island, Kermadee Group. New Zealand //N.Z.
Geol. Surv. Bull. 953, Wellington: N.Z.D.S.1.R., 1981. 105 p.

15. Malahoff A., Feden R.H. and Flemming H.S. Magnctic
anomalics and tectonic fabric of marginal basins north of
New Zcaland //J. Geophys. Res. 1982, V. 87 P. 4109-4125.

16. Marlow M.S., Johnson L.E.. Pcarcc J.A . ct al. Pleistocence
volcanic rocks in the Mariana forcarc revealed by drilling at
Site 781 //P.Fryver, J.A Pcarcc and L.J.Stokking (Eds.). Proc.
ODP, Sci. Results, 125: College Station, TX (Occan Drilling
Program). 1992. P. 293-310).

17. Mishkin M.A. On the origin of the mectamorphic rocks of
the Bering Sca floor //Doklady Akademii Nauk Russia.. 1994
V. 338 P 641-644 (In Russian).

I8, Pcarce J.A. Basalt chemistry used to investigate past
tectonic envirinments on Cvpros //Tectonophysics. 1973,
V.25 P.57-73.

19. Pushchin I.LK. New Zealand lincament as deep right-wrench
fault //Deep-seated composition of the Pacitic and its
continental margins. Internal. Syimpos. Blagoveshchensk,
1988, V. 2. P. 39-61 (In Russian).

200 Pushchin LK., Tararin LA, Konovalov Yu.l.. ¢t al. K-Ar
age of basalts from the Kermadec tectonic svstem //Doklady
Akademii Nauk Russia (in press).

21. Shervais LW, Ti-V plots and petrogencsis of modern and
ophiolitic lavas //Earth Planct. Sci. Lett. 1982, V.59, P 101-
108,

22, Smith 1.LE.M. and Brothers RN Petrology of the Rumble
scamounts, southern Kermadece Ridge, southwest Pacific //
Bull. Volcanol. 1987. V. 50. P. 139-147.

23, Smith LLEM. Brothers RN Muiruri F.G. and Browne
P.R.L. The geochemistry ol rock and water samples from
Curtis Island volcano. Kermadee Group. southwest Pacific
/1. Volcanol. Geotherm. Res. 1988, V. 34, P 233-240.



Tararin, Pushchin et all. 16

24, Stevenson ALJ., Herzer R.H. and Ballance P.F. (Eds.).
Geology and submarine resources of the Tonga-Lau-Fiji
region //[SOPAC Technical Bull: 8. SOPAC, Suva, Fiji, 1994

25. Tararin L.A. Sodic-calcic and alkali amphiboles in epidote-
amphibolc schists from the lzu-Bonin Trench (Pacific
Occan) //Doklady Akademii Nauk Russia. 1994, V. 339 P
654-657 (In Russian).

26. Wilson C.J.N. Stratigraphy. chronology. stvies and
dynamics of late Quaternary cruptions from Taupo volcano.
New Zealand //Phil. Trans. Royv. Soc. Lond. 1993, V. A343.
P. 205-306.

27.Wright LC. Pre-spread rifting and heterogencous volcanism
in the southern Havre Trough back-are basin //Marine Geol.
1993V, 113, P 179-200.

28, Wright 1.C. Nature and tectonic setting of the southern
Kermadee submarine arce volcanocs: an overview //Marine
Geol. 1994 VOIS, P, 217-2506.

'Here and in the tables the following svmbols arc assumed:
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H.A. Tapapun , M. K. IIvwun | I.M.baviane , FO.H.Konosaios , C.K.3.100un

MarmaTHueckHe NOpo/Abl OCTPOBOAYAHOI cicTeMbl KepMaAeR: 1aHHbIC 0 HCOOBIMTHOM THIIC
MArM Mpe;LIYIoBoii 00.1acTH

OcrpoBo.yRuas cicresa Kepyasiek, BRINOUAONAs (¢ 3d11L1a HA BOCTOR) xpeOeT Kot (octarounas
Jnra).crpor XaBp (ak rHBHBIHT 30,1V I0BBEHT Oaccelin), xpeoder Kepaa/lek (akTtiBHas BVIKAHITUCCKAs [IVIa),
npC.LIVIOBYIO 00 1acTh welto0a Kepyalick, we100 Kepaasiek 11 THXOOKCAHCRYIO IIHITY, VO IVITHPYIOUINIOCH
B /KC100, HCCIIC/IOBAML APATHPOBANICM H CCHCMONPOMHIINPOBAHICM 11O [[BVM I'COTPABCP3an Ha 30-33% 10111
Hauai1o GopMupoBanig 2 1oif CHCTCMBL TATHPYCTCS PAHHIN MIOHCHOM. basain bl 11 10JICPHTBL, MO S IBIC ¢
ocrarounoil ;ivrn Kol n BepNHCil 4acTh BYIKAHHUCCROIN JIvEH KepMa ek, npe/icTaB ICHbl THITHUHBINMII
ocrpoBo/ IvatbL TosrenTaMi (IAT). Cyouteiiounpie 0a3a1bThl J0UCHOBOIO MO IBOHOIO BYIIKAld il
OKCAHHUYCCKOM CKIOHC AKC100a HMCIOT IFCOXHMIUCCKIC NAPAKTCPHCTHRIT 0430 1L TOB OKCAHITNCCRIIX OCTPOBOB.
basza b el 30, 0yroBoro daccciitta NaBpP CILILHO KOHTUMITHIPOBUHBL OCTPOBOINAHBLIN MAFMATIHNCCKIM
MATCPHATIOM KAK PC3VILTAT PCIKOH acyMMeTpiin 0accciitta. basaian rui 1110 ICprnl, JParnpoBalubIC ¢ inrKheil
UACTII OCTPOBHOIO CK10HA Ke 1000 Kepaaies (¢ 171vOH 6o.1ce 7 Ka), O T HHHAIOTCH TTPOMCKN TOUILINM COCTHBOM
MCALY OCTPOBO IV AHBLIMI TOACHTAMI 1 OA341LTAMI ORCAHHUCCKOIO [, D10 CBILICTCILETYCT 0 HCOOLINNOI
NPHPO.IC MAIMATHUCCKIX KAMCP B MAHTHITHON K HIHC Ha L 301011 CVOIVRIUNITL HO MHOTUHC MPOS/ICMbI, CBS3AIIILIC
C MOTOKRCHICM MAUMATHUCCKIX OUATOB 11 MCNAHIIIMOM H3BCPKRCHIIT, OCTAIOTCA HC BLIACHCHHLINMIIL,
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OCOBEHHOCTU TEHE3UCA TPAHUTOUAOB AAAPHUHCKOTO
KOMITAEKCA CUXOT3-AAWHA IO AAHHBIM HM30TOIIHBIX H
TEPMOBAPOTEOXUMMNYECKUX HNCCAEAOBAHHWH

A.H.XemuuxoB, U.H.T'oBopoB, B.A.IlaxomoBa, H.C.I'epacumos,
B.U.I'Bo3geB

Haavnesocmounsiit ccoroeuneckutt unenumym ABO PAH, e, Biadusocmok

[Tposc.icno nccic;toBanne Rb/Sr H30TonHbIX cHCTCM B MCIOBBLIX I'patiToi1ax JaibHIIICKOro KoMMIIICKca
Cuxor-A:nms. YCTanoBIcHo, 4o Kpynible JabHinickinii it BHeepekitii MacclBbl CI10/KCHbBI MOPO.LAMH IBYX
MCPHOI0B MAFMATIHUCCKOI JICATCALHOCTI ¢ H30TONNLIM Bo3pactom 128+16, 9815 yoan qter. Cyias no
H30TOMHbBIM [TAHHBIM, CYOCTPATONM [LIs1 3APOAICHHS MCPBHUHBIN MAI'M SIBILTICH PA3HOBO3PACTHBIC OTTOPACHILDI
OKCAHHYCCKOIl KOPbl, KPYMHLIC BK:IIOUCHISE KOTOPLIN 3aKaAPTHPOBAHLI B COCTABC TYPOIUITOBLIX TO:IL
Camapkunckoro reppeiitia. O0pasoBaniie JICHiKOKPATOBLIX PA3ZHOCTCH TPAHIITONI0B KPYMHBIX MAaCCHBOB
cBazano ¢ juddepeniaiiicii pacriaBa, 00Opa3oOBAHHOIO MPH MIIABICHIN 3aKPHCTAITH30BAHHBLIX B PaHHIii
MCPHOL MAIMATHUCCKON ICATCIILHOCTH [LHOPHTOB Il IPAHOLHOPHTOB. ['pano 1nopnuTsl py;10HOCHOIO
Lenrpaasuoro mroka nycior 1n3oronubtii Bospact X9 s f1eT 11 1o H30TOMHBIM XAPAKTCPHCTHRAM
OT/IHUAIOTCS OT I'PAIIITONI0B KPYIHLIX MacCHBOB. M30T0oNIbIC [1aibic 0 GOPMIPOBAHIIT MACCIIBOB It IITOKA
B TPIl MCPHOIa MAIMATIUCCKOI JICATCILHOCTH MO ITBEP/AKLAIOTCS PC3IVIIbTATAMII H3VUCHIS BK.TIOUCHIIT B
KBAPIIC Pa3HOBO3PACTHBLIX MOopo. 1. [To BKIIOUCHISANM KaUCCTBCHHO OICHCHBI H3MEHCHIS MJIOTHOCTH H
KOHICHTPalu (:IoILI0B BO BPCMCHIL 11 TpocTpatcree. H3yvucH cocras co:icii pacTBOPOB BO BKIIIOUCHHSAX.
Corciratibl BLIBOILL O IO THOM PCAINME (GOPMHIPOBAHIIS UPAHNTOILIOB 1 MPHUYHHAX HX Pa3’IHuHsg 110

OTHOIICHIIAM H30TOMOB CTPOHILHSA.

Ha oOwnpuoii tepputopin ILlentpanbHoro
CHXOTY-ANHHS WHPOKO PACMPOCTPAHEHbI HHTPY3HIL
rpannTon108 dajabHIHCKOIO KOMIUIeKca, (popMHpOBa-
HHE KOTOPbLIX NO re0J0rHYeCKHM JaHHbIM NPOHCXOAHIIO0
B Mesy. [ paHHTONABI 1aBHO yiKe NPHBAEKAIOT BHHMAHHE
necaenoBaTenel. T.K. HMEHHO € HHMH MPEANnoaraercs
TeHeTHUECKas HJIH MAPATCHETHUECCKAs CBSA3b MPOMbILL-
JIEHHBIX MECTOPOKAEHHII BOJb(ppaMa, 0J10Ba H APYIHX
MeTa10B.O0bIUHO PYIOHOCHBIMI OKA3BIBAIOTCS HEOOb-
liie Mo naoulagH BbIXOAOB LITOKH. B TO BpeMsl Kak B
CBA3H ¢ OJM3KHMII K HHM 110 BpeMeHH (GOPMHPOBaHHS,
Mo NeTporpadHUecKHM, NETPOXHMHUYECKHM I IPYTHM 0CO-
OEHHOCTSM KPYMHbBIMH TPAHHTOHIHBIMH MACCHBAMI PYI-
HBIX CKOMJIEHHI He OOHapy)KHBaeTCS NI OHM Mpea-
CTABJIEHBI JIHWIb MEJIKHMI pyaonposBieHusmMil. B atom
OTHOLIEHHH MOKa3aTeaeH pPaiiOH H3BECTHOTO CKAPHOBO-
LIEESIIITOBOTO MECTOPOA/AeHHsS BocTOK-2, py/Hble Tena
KOTOPOTO MPHYPOUEHbl K 30HE KOHTAKTA HEOONbLILOTO
wroka rpanoanoputos (Llentpanbubiii wTok) Jdans-
HHHCKOTO KOMIUJIEKCQ € BEPXHENEPMCKHMH H3BECTHS-
Kami. B To ;ke BpeMs pacnoloReHHblii B HECKOIbKIX Kii-
JOMETpaxX I0KHEee WTOKA B TOIl Ke TeOJOTHUYECKOMH
o0cTaHoBKe KpynHblii (utowaabs 8O kym?) JanbHIHCKHI
MaCCHB € NPeodJIaJaoLWHMI B €I0 COCTABE [PAHOINO-
PHTAMH HE CONPOBOKIAETCHA OPY/IECHEHHEM, 4 B KOHTAK-
ToBOM Oopeosie bucepckoro maccua (nnowass, okoao 70
KM®), JIOK&JIH30BAHHOTO B HECKOJBKHX KHIOMETPAX
ceBepo-3anannee LIeHTpasabHOTO IUTOKA., BbIABIEHDI

TO:IBKO HEOOJIbLIHE CKAPHOBbIE TeJd C HEMPOMBbILIIEH-
HbIM OpY/eHeHHeM (pHc.1).

HcTtopus popMipoBaHis MacCHBOB IPAHHTOHI0B
JasIbHIHCKOro KOMIJIEKCa NOKA OJHO3HAYHO He yCTa-
nossiena. [ .H.Crenanos [12]. netanbHo H3yuaBLlumii rpa-
HITONABI palioHa MecTopokaeHHs BocTok-2, a Benes 3a
M 1 ML.I.Py6 [10], oTHOCHAN MaccHBBI K ABYN(a30-
BbIM oOpaszoBanusaM. ITosanee M.I.Py6 [2]. a Takwke
re€0IOTH-ChEMLUHKH MPHLITH K 3aKTIOUEHHIO 0 (POPMHPO-
BaHII MacCHBOB JJaJlbHUHCKHX TPAHHTOHIOB B TpH
nocaenoBatesbHble (pasbl. [To AaHHbIM reooro-cbeMou-
HbIX PA0OT K MepBoil (ha3e OTHOCHTCS KPHCTAIH3ALHS
JHOPHTOB. KBapLEBbIX AHOPHTOB M IPAHOMOHLIOHHTOB,
KO BTOPOIl - FPAHOAHOPHTOB, OHOTHTOBBIX H-OHOTHT-
POTOBOOOMAHKOBbBIX TPAHHTOB H K TPeTbeil - TpaHuT-
nop(pHpoB. j1eiKOKPATOBbIX TPAHHTOB H AMHTOB.

CpaBHHTEIBHO MOJIHO BCE pa3HOCTH nopo Jdajib-
HIHCKOIO KOMIJIEKCA MpeAcTaBleHbl B JambHHHCKOM
MaccHBe. B ero cocraBe HanGonee WHPOKHM pacnpo-
CTPAHEHHEM MMOJIb3YIOTCA IHOPHTLI, KBAPLUEBbIE JHOPH-
Tbl Il TPAHOAHOPHTbI NEPBOIi (rnaBHOI) (a3bl popmil-
poBaHia macchuba. Cpean 3THX TPAHHTONAOB Mepe-
MEHHOI'O COCTaBa BCTPEUAOTCH HEOOIbLIHE Ted KPYITHO-
3EPHHCTBLIX (10 CPEIHE3EPHHCTBIX) LPAHHTOB, OTHO-
csiLiecs Ko BTopoil ase ctaHoBneHus macchsa. bosnee
MO3/AHHMH OOPA30BAHHAMH CUHTAIOTCA TAKKE HEDOb-
UIHE TUIHTOBHIHBIE WIIH WTOKOOOPA3HbIE Tellad MEIKO-
3CPHHCTBIN OHOTHTOBBIX, JEHKOKPATOBBIX. HHOL 1A
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anJIMTOBUAHBIX TpaHUTOB. [Jaiiku momoOHbIX nopox
OTYETJIMBO MEPECEKAIOT FPAHOAUOPHUTLI U DMOTHTOBBIE
TPAHUTHI.

IleHTpanbHbIi LWUTOK, B KOHTAKTOBBIX 30HAX KOTO-
poro passuTa LUeeJMTOBAs MHHEpanu3aUus, CIOKEH B
OCHOBHOM NOPPHUPOBUAHBIMU CPEIHE3EPHHUCTHIMH
IPaHOAMOPHTAMH, UMEIOLLMMH MHOTO OOLLIETO MO CBOMM
XapakTEepUCTHKAM € rpaHoaHopuTamMu JlanbHHHCKOTO
MaccMBa. B KOHTAKTOBbIX 30HAX C MU3BECTHAKaMH
JIOKAJIM30BaHbI MJIATMOTPAHUTbI, CBA3AHHbIE C TPAHOAHO-
pUTaMH NOCTeNEHHbIM nepexogamu [12].

B cTpoennn Bucepckoro maccHBa MpHHHMAIOT
y4yacTHe TPaHUTOMABI Pa3HOrO COCTaBa, OJHAKO, B OT-
avure oT JanbHUHCKOrO '‘MaccuBa, IMOPHUTBI 1 TPaHO-
JUOPHTBI 3[eCb PACMpPOCTPaHEHbl BeCbMa Maso. TaKke
HeGOJIbLIME MIOLAAN 3aHUMAOT OUOTHT-POTOBOOOMaH-
KOBbl€ TPAHUTBI, 2 MACCHB CJIOKEH B OCHOBHOM KPYITHO-
M CpeIHE3ePHUCTbIMH OMOTHTOBBLIMH U JIEHKOKPATO-
BbIMH, MeCTaMHK MOpGHPOBUIHLIMK [paHnuTaMmil. Ha pane
YUACTKOB BCTpeyaloTcss HebobluHe WTOKO- I Aaiiko-
00Opa3Hble TeJla MEJIKO3EPHUCTBIX pa3HOCTell ITHN IpaHi-
TOB. BHOTHUTOBbIE TPAHUTBI MEPECEKAIOTCS KHITAMIL
anJuTOB M MErMATHUTOB, a TaKke AallkaMu KHCIOTO H
ocHoBHoro cocrasa [10].

HetanbHble netporpadHueckue i neTpoxHiuec-
KHE XapaKTePHCTHKH TPAHUTOHIOB paiioHa HMEIOTCA B
psaae pa6ot [4,10,12]). AHann3 NpHBEAEHHBIX B HHX
MaTepHaJIOB MO3BOJAET 3aKIIOUHTb, UTO NO METPOrpa-
(bHuecKoMy COCTaBY MOPOIAbl MACCHBOB OTUCTIIIBO

paznenstoTcs Ha ABe rpynnbl. K nepsoii 3 HUX OTHO-
CATCS IHOPHTBI, KBAPLEBbIE AHOPHTLI I IPAHOIHOPHTbI.
Hanbonee XxapakTepHble Ui JaabHITHCKOTO MacchBa, i
rpaHoaHopHTbl LleHTpaabHOro wroka.
['paHoAHOPHTBI MACCHBOB HMCIOT MHOTO OOLLCTO
M0 COCTaBY, MO COACPAKAHIIO AKLUECCOPHLIN MIHEPLIOB.,
no meTpoxHMHUecKiHM ocodennocTam. HMxX cocran
XapakTepHu3yeTrcs npeodsalatieM MmIariokId30B8 Hal
KaJMEeBbIM TMOJIEBbIM LIMATOM. WIPOKHM PaCnpoCcTpii-
HEHHEM TEMHOLBETHbIX MIHCPAJIOB - OHOTHTA. POrOBOI
oOMaHKI, pexke miporcena. Cpeil AKUECCOPHbIX MITHE-
PAJIOB MPHCYTCTBYIOT aMaTHT. LWHPKOH, HEEIHT. HIbMC-
HHT. & Takke pyTiLL. chen. monaunt. oprit. Ocodenno
XapPAKTEPHO BbICOKHE COACPAAHIIC B [PAHOIHOPHTANX
anatirta. Masno pas3anualoTes H aBTOMCTACOMATIUCCKIIC
M3MEHEHH S [PAHOITOPHTOB MACCHBOB. IPEACTABIICHIbIC
B OCHOBHOM aM(pHOOINTH3AILICIH I XJOPHTH3ALMCI.
Jduwsb mHoraa ci1ado npossiaseTcs OHOTHTH3ALNS 1
cepHLHTH3AUNS NMOpo 1. B TO /Ke BpeMst rpaHoopHThI
MACCHBOB HMCIOT H HCKOTOPBIC OTIHUNTCAbHBIC UCPTLI.
Tak. rpaHoOPHThl , LUTLHIHCKOIO MACCHBA NAPAKTC-
PH3YIOTCS CBOHCTBCHHBIMIL /LTSI MOHILOHHTOI 0B 0COOCH-
HOCTAMI COCTABA H CTPYRTYPbI. UTO 1038011710 NLI.PyO
[10] orHecTn ux .k rpanomonuonntam. ITocieamie
OT/AMUAIOTCA OT IPUHOMOPHTOR LIeHTPaIbHOIO WTOKY
OOJILLLIHIM KOSHIUECTBOM TEMHOUBCTHBLIX MIHCPIOB 1. B
YACTHOCTH. POIOBOIT OOMIHKII. MEHBLUIIM COICPALHIICN
KPEMHE3eMa } MATHIS. QOIBLIIINM KOJIUCCTBOM KL
H Kasisg. BHoTtHT rpanotopitos [ [aIbHCKOro Mic-
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CHBA N0 CPABHCHINO ¢ rpatoanopirtamn Hentpaasnoro
UITOKd XAPAKTEPH3YCTCA MCHBLUIITIM KOIUTHCCTBOM [11-
HO3EMA 1 MATHISA. HC COICPAHT WTHOMIHII B OKTU)APH-
yeckoii nosuwni [10]. Hocsensas 0coOeHHOCTL OHOTHTA
no3so:nia M.IPyO ¢1e1aTh BbIBO.1 O KPHCTA L TH3AUIT
nopo:L LA ILHITHCKOTO MilCCHBA B VCTOBIHAX 00ICE BbICO-
KO TCMIEPATYPbI i OTHOCHTEILHO HIBKOTO (DIHONIHOTO
JABICHHS 110 CPABHCHHIO ¢ TPAHOIHOPHTAMII LITOKA.

Ko BTopoii rpynre oTHocsTes OHOTHTOBbLIE Ipi-
HHTbI PA3HOIT 3EPHIICTOCTH. HX JCHKOKPATOBBIE PA3HOC-
TIL TPAHIIT-NOPGHPLL. AISCKHTOBLIC IPAHIITHL. CIAIA0-
uye OOMLIUVIO HacTb o biucepekoro saccensa. a
TAKAC OHOTHTOBBIC H ICHKOKPATOBbIC TPAHHTBL, IPAHT-
noppipbl. 0Opazyioule HedOILIUIE LWITOKOOOPa3Hble
Telda B npeesax JaZbHIHCKOro MaccHBa i B Obkaii-
wewm oxkpyReHin Henrpazibioro wroka. Bee y1it nopoibl
00T IPAGHUCCKHMH HITH FHITLUOMOP(HO3CPHIIC-
TBIMI CTPYKTYPAMIL LB OTIHUIE OT HOPOA NepBOii Tpyn-
Mbl B HX COCTABE ITATHORIIA3. KA HICBLIT NOCBOIT WinaT
1 KBAPLL HANOIATCS B HPIIMEPHO PABHBIN COOTHOMICHITN
[10]. ITo HaGOPY ARKUCCCOPHBIX MHHCPAIOB IPAHITON bl
BTOPOIi I'PYIIThl TAKAKC HMCIOT HCKOTOPbIC O FXIHUNS OT
TPAHOTHOPHTOB HCPBOI IPVINBE H. B UACTHOCTH. OHII
XAPARTCPHIVIOTCS MCHBIUIM COTTCPRAHICM aNaTHTLL HO
MOBLIICHHBIM KOJHUCCTBOM OPTHTL M MOHAHTA, Q
TAKAC MPHCYTCTBICM B HCKOTOPBIX CIVHAAN B HOPO, AN
bitcepekoro sacensa ronaza w kaccnrepnta [10]. ABro-
METACOMATHUCCKHE 3MCHCHISA. OCOOCHHO SICHO ITPOsB-
AenHble B npesieaas bucepekoro sicensa. Buipakaores
B IIPOLECCUX. MOIOOHBLIX TPCH3CHIBAILIIE OOVCI0BH-
BAIOILIEX CCPHILITH3UNIO TITANHOKIA3. OHOTHTIBALIIO
TEMHONUBCTHBIN MITHCPIWLOB 1 ILIATHOKTA30B (HOSIBICHIC
TPOrOBHKOBOIO OHOTHTA). HX MVCKOBHTH3AIIO.
Kpoye Toro tipoko pacnpoctpaneibl KaTinarii-
3AL N A THONTHZAU [PAHHTOR. Ha nekoTopbIx vuacer-
KAX OTMCHACTCH 1 HCCBOTICTBCHHA TIOPO UM KHCIOTO
COCTABA KAPOOHATIZALISA MIHCPUIOB.

1O FeoXMUICCRII 0COOCHHOCTIM MTOPO,IbI. OTHO-
CHMBIC K PA3HBIN PPV HITANM. TAK/KC HMCIOT OTIPLICICHHbBIC
pazanuns. Tak. o daunbiat NLT.PVO [10] rpano;mopirs
COICP/RAT MOBBILICHHBIC KOMIUCCTBA NPOMA. HITKCIS,
KOO IL T, BAHAIIS, & O0IICC KICIILIC IHOPOIbE. HAIPHAMCP
Biiceperoro vacchBia. XaparTepu3vioTes OTCVTCTBICM
KOOWILTa 11 THIBKIMIT KOHUCHTPAUULSNI IPVIHN 2ICMEH-
TOB Ipy bl Rc:Ie3a. B KicbIx nopo.tax buceperoro avace-
CHBA OTMCUAIOTCH HOBBILICHHbBIC COICPARAHIA Oapis
(645-807 v/1) 1o cpasnenio ¢ rpano,mopntanmi Ilewr-
paILHOTO HITOKa (432-315 /7). o nawis sy B
OHOTHTOBBLIN I JICHKOKPATOBLIN FPAHITAN 0ObLIUH LI 001CC
BBICOKHC coiepRatng Rb o cpasneninio ¢ Sr.a B 1pano-
JHOPITAN COOTHOMICHIS DTN VICMCHTOR Halle o0pat-
tpie. HekoTopbie o s Hadaio iores 1o is0Totl-
HOMY COCTABY KHCITOPOLL B KBAPHEC Fpamitoiion. L
KBapIL OHOTIITOBLIN IPAHIITOB bilceperoro vaccnsa
O PO rozeoseres B npesetax HL0-11.3% uis tpano-
anopitor Hentpaininoro 1ok Hra Beina wiae-

Hceres ot 12,4 10 134 %o

Takny o0pazoM. Vike O neTporpadiieckig u
HETPOXHMIUCCKHM TAHHbBIM, TPV, IHO COTIACHTHCS € Npe-
cras:iiennsyit I .Crenanosa [12] 0 KoMarMaTHUYHOCTH
pacniaaBoB. GOPMUPVIOULIX MACCHBL TPAHHTONIOB
AAIBHIHOROTO KOMIIIEKCQ PAiloHd MCCTOPOARICHIS
Boctok-2. uto Obia0 oTMeueno panee M.I.Pvo [10].
Bi MO, FPAHHTON B! BbLACICHHBIX TPYAN OTHOCATCA K
PA3HOBPEMEHHBIM 0OPA30BAHIAM 1 (POPMIPOBATICH B
pasauneIX veiosiax. Tak. MI.PyO [10] cuntaeT, uto
IpaniTsl biicepckoro MaccHBa cBA3daHb € KPHCTATIH-
A1 NATHMICHHBIN KOPOBBIX PUCMIIABOB. a TPAHOANO-
pirrbt Llacibrimnexoro sacensa n LleTpaabHoro witoka
SIBASIOTCS NPOIVKTUMIE KPHCTQL I3 At 0o01ee rayOHH-
HbBIX 110 YPOBHIO 3UPOKIEHIS PACILTABOB. CBSI3AHHBIN HAN
¢ anddepenunatneii TPAXHAHIC3HTOBbLIN MArM Ha
UPAHHLEC HHKHEH KOPBI B MAHTHIL I € AHATCKTHYEC-
KINMIL SBIICHIAMIL B IPEIEIANX HIKHCI KOpPbL.

HeroTopbie BbIBO b 00 ve:10BIAX (GOPMIPOBAHIS
IPAHITONIOB MOIVUCHBI HCCICLOBATC AN NPI JETATb-
HOM H3VUEHIH MHHCPATOB IPAHITONI0B - OHOTHTA.
K{THEBOIO 1101¢BOr0 wnata, amdudosios i ap. Tak.,
HPHMEHCHHE PA3 HHYUHBIN MITHCPAIIOTHUCCKIN TEPMOMET-
POB HPHBCIIO K BLIBOIY O HCOIMHUAKOBLIX TEMIICPATYPax
KPHCTLLTH3AMUIN HOPO.L B pastbix MacchBax. Handoaee
BBICOKOTCMICPATYPHBIMIT OKA3WIHCh TPAHOAHMOPHTHI
ALUILHITHCROT O MaceBaL TCMIICPATY P KPHCTAIH3AUIH
KOTOPbIX. MO JTaHHBIN Pa3HbLIX aBTOPOB. KOaedAETCH OT
750 10 900°C. BAN3SKIMI O TEMACPATYPHOMY PEKIIMY
(hopMIIpOBanIA. HO BCC /K¢ 00ICC HH3KOTEMIEPATYp-
HBIMI SIBISIOTCS T PanoopiTsl [leHTpaabHOro WToKa,
QK HANOOIEC HIBKOTEMIIEPUTY PHBIN OTHOCHTCSH TPAHITHI
biceperoro saccnsa (600°C 11 yenee).

MiHEpaIOrUCccKHE JTaHHbIC NO3BOJIHITI CACAATD
FARIOUCHIE O KPHCTA LI IPAHITON10B MACCHBOB
NP PAZHOM JLaBICHIT (011101 Pasbl - 0051€C HH3KOM
SUIS L, LB HIHCKOT O MaccHBa 11 0oJiee Boicokom 11 Biu-
ceperoro [10]. Cpe:un 1eTvunix KOMMOHEHTOB BO BCeX NO-
POAN |, LIBHITHCKOTO KOMITICKCA NCTPOrpadGHUecKI
HOHCTPONXIMITMCCKINIT METOTAMI ONPEICIICHbI JTHU D
drop 1 ochop. piuest Hand0:ICC BbICOKHE COACP/KUHHSA
dropa (BblE KIAPKOBBIX B 2-2.5 pa3a) VCTAHOBICHbI B
MO HIIN TPAHNT-NOPGHPAN 1 afINTAN. & HaldoAbLUIe
KouueHTpatg gocdopa - B rpanomopirax [10].

IT3 npuBeicHHbBIX Bblie TaHHBIX CJICAYET. UTO
HCHOIBL30BANHC TPAUILHONHLIN NETPOrPaQUecKiN 1t
HCTPOXHMIIICCKIN, METO 0B Hi3vuenns JaabHiHCKNX
FPAHUTONIOB MO3BOIIIIO HCCICIOBATEISM CACIATh
BUKHBIC 3UKIIOUCHNA 00 VCIOBHAX HX (DOPMIPOBUHIIS.
OIHAKO HE BCC ITH 3AKIOYUCHIS 000CHOBUHBE PaKTH-
UCCKRIM MATCPHTONM. HCKOTOPBIE H3 HIX HMCIOT TOJbKO
KOCBCHHBIC JLOKA3ATEILCTBA 1 YACTHUHOE peuieHisc.,
AP THC OCTaOTes JHCKy cettonmibin, Hanpusvep. uickyve-
CHOHHOI 4BascT1Cs HeTopns GOPMHPOBAHIS TPaHil-
TOIMBIN MACCHBOB, BO3BPACTHLIC COOTHOUICHNS NOPO.I






