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INTRODUCTION

Petrological investigations of oceanic rocks carried
out during the past several years have shed considerable
light on the geochemistry of basalts from various struc-
tural provinces in the ocean basins. It is evident from
these studies that variations in chemistry exist between
volcanics in different provinces and even within individ-
ual provinces.

The midoceanic ridges, for example, consist mostly of
slightly differentiated abyssal oceanic tholeiites formed
during underwater fissure eruptions. The ridges abound,
as a rule, in aphyric pillow lavas, but olivine or olivine-
plagioclase phyric varieties occur less frequently. In ad-
dition, aphyric to porphyritic massive basalts are com-
mon in most crustal sections (Hall and Robinson, 1979)
and even predominate along some portions of the ridge.
All of these rocks are characterized by a low alkaline
element content, and many show a low content of tita-
nium and a relatively high magnesium content. A high
Na2O/K2O ratio, usually reaching 20 and sometimes
even 50, is peculiar to them.

Despite the fact that the rocks composing the midoce-
anic ridges belong to one petrochemical type (abyssal
oceanic tholeiites), it has been observed that basalts
found along the midoceanic ridges display subtle varia-
tions of contents of magnesium, iron, titanium, and al-
kaline elements. These variations appear to be results of
lateral heterogeneity and (or) of different degrees of
partial melting in the upper mantle. When judged on the
basis of magmatic characteristics, it is apparent that pri-
mary magmas formed under sections of the midocean
ridges with similar structures are generated at about the
same depths. However, there are areas with abnormally
thick crust. On the Mid-Atlantic Ridge these are the
Azores and Iceland, and Easter Island on the East Pa-
cific Rise. Volcanic rocks in such areas formed not only
by fissure eruptions, but by central eruptions as well.
They differ from typical abyssal oceanic tholeiites in
displaying greater differentiation (to dacites) and higher
concentrations of iron, titanium, and alkaline elements.
The locus of magma formation in such areas is assumed
to be deeper than under parts of the ridges characterized
by more typical structures (Zolotarev, 1979).

Basalts of the East Pacific Rise appear to be more
evolved than those on the Mid-Atlantic Ridge. Correla-
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tion of chemistry of volcanics of the Mid-Atlantic Ridge
and East Pacific Rise reveals certain petrochemical dif-
ferences between the two provinces: basalts of the Pacif-
ic Ocean are characterized by somewhat higher iron and
titanium contents than are those of the Atlantic Ocean.
However, rather considerable variations in the abun-
dance of these elements are apparent in both provinces.
In cases where the iron content of rocks increases, the
magnesium content decreases and titanium concentra-
tion grows higher.

It follows from the concept of sea-floor spreading
that the oceanic crust is formed along the midoceanic
ridges. It is thus important to determine both the struc-
ture of the ridge and the magmatic evolution of the
rocks of which it is composed as a function of position
along its length.

The region under investigation in the present study is
situated at the northern end of the East Pacific Rise on
young crust at the mouth of the Gulf of California. Our
objective is to determine the major element and rare-
earth element geochemistry of the basalts composing the
upper part of Layer 2 in this region for comparison with
basalts from other sections of the ridge. The samples ex-
amined were selected during Deep Sea Drilling Project
(DSDP) Leg 65 from the least altered basalts recovered
from Sites 482, 483, and 485.

METHODS

Several methods were used in this study to determine basalt com-
position. In addition to the thin section and XRF studies conducted on
shipboard during Leg 65 (see site summaries chapters, this volume),
some analyses were done at the Analytical Chemistry Laboratory of
the Geological Institute of the USSR Academy of Sciences, using the
standard wet-chemical techniques described by Zolotarev et al. (1979).

Rare-earth element contents were measured by instrumental neu-
tron-activation analysis (INAA) in which 20-mg samples were bom-
barded for 24 hours by thermal neutrons in a nuclear reactor. The
gamma-ray activity of the samples was then measured by means of a
gamma-ray spectrometer with Ge (Li) semiconductor detectors 7 to 10
(La, Sm, Yb, Lu) and 20 (C, Eu, Tb) days after irradiation. A more
detailed description of technique of preparing the specimens, irradia-
tion, estimation, and treatment of data has been done previously
(Zaitsev et al., 1978). Calibration of the results of the instrumental
neutron-activation analysis was carried out through analysis of some
standards of the Soviet Union and National Geochemical Center of
France (CT-1, CTD-1A, DRN, and CA). Basaltic Br from the Nation-
al Geochemical Center of France was used as a petrologic standard.
Reproducibility of the obtained results is characterized by the follow-
ing standard deviations: La—0.23, Ce—0.87, Sm—0.26, Eu—0.13,
Tb—0.11, Yb—0.45, Lu—0.09 ppm. Comparison of obtained data of
the instrumental neutron-activation analysis with values for Br showed
an absence of appreciable systematic error, for a confidence limit of
0.95.
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RESULTS AND DISCUSSION

The region of study of DSDP Leg 65 is in the mouth
of the Gulf of California. Four sites were chosen for drill-
ing. One of them is situated on the western slope of the
East Pacific Rise (Site 483), and two are on the eastern
slope (Sites 482, 485). In addition, an attempt was made
to drill a "magnetic diapir" in the northern trough of
the Tamayo Fracture Zone (Site 484). Altogether 15 holes
were drilled, but only 9 of them penetrated the base-
ment. The greatest basement penetration was in Holes
483B, 482B, and 485A. Although massive basalts gener-
ally predominate, pillow basalts alternating with flows
of massive basalt were encountered in many of the holes
drilled, and pillow basalts predominate over massive ba-
salts in several of the holes drilled at Site 483.

Aphyric and porphyritic varieties can be observed
among both types of basalts. Volumetrically, aphyric
basalts are slightly predominant. Petrographically and
texturally, the basalts penetrated at Sites 482, 483, and
485 are rather similar. Pillow basalts contain, as a rule,
a small amount of microphenocrysts of plagioclase and
olivine, sometimes forming glomerophyric clusters. The
amount of plagioclase microphenocrysts is 1 to 3%, oliv-
ine, up to 1% by volume. Their dimensions are 0.02 to
0.7 mm and in rare cases over 1 mm. Sometimes olivine
is replaced by secondary minerals (smectite, celadonite,
and more rarely, carbonate). The opaque mineral con-
tent varies from 2 to 5%. Most frequently, it is repre-
sented by specks or small xenomorphic patches in the
groundmass. The groundmasses of typical rocks are
represented by laths of plagioclase and clinopyroxene,
the interstices between them being filled with volcanic
glass. The porosity varies from 1 to 5-7%. Pores are
frequently filled with smectite. Sometimes the pores are
lined with smectite and filled with calcite.

The groundmass textures of the pillow basalts are di-
verse, but most frequently are intergranular or intersti-
tial. The glassy intervals, on the other hand, tend to be
subvariolitic, variolitic, or hyalopilitic.

Massive basalts are, as a rule, well crystallized. They
incorporate both the aphyric and the sparsely porphy-
ritic varieties. Phenocrysts are represented by plagioclase
(l-5°7o), less frequently by olivine (up to 1%). The size
of the phenocrysts does not exceed 1 mm. The ground-
mass is composed of plagioclase laths (30-50%), clino-
pyroxene (30-40%), opaques (3-7%), and sometimes
volcanic glass filling the interstices between plagioclase
and clinopyroxene.

Secondary minerals are represented by smectite and
carbonate, which, as a rule, partly replace volcanic in-
terstitial glass. The texture of massive basalts is inter-
granular, interstitial, subophitic or ophitic, and some-
times glomeroporphyritic.

In Holes 482B and 485A eight independent lithologic
units were distinguished among basalts, and in Hole
483B, nine. The chemical composition of basalts com-
posing these units varies within insignificant limits, and
no significant change in chemistry was observed with
depth. Unit 4 in all three holes, however, is character-
ized by somewhat lesser contents of silica, titanium, and

ferrous iron and by higher contents of alumina, magne-
sium, and H2O

 + , even though the phenocryst contents
are quite variable (Unit 4 is aphyric in Hole 483B
and sparsely plagioclase or plagioclase-olivine phyric in
Holes 482B and 485A). This pattern is especially pro-
nounced in the massive aphyric basalts of Hole 482B. A
slight trend toward decreasing silica and calcium and an
increase in titanium was also observed with depth in this
hole (Fig. 1). It should be emphasized, however, that the
established variations in composition of the basalts com-
posing the various units in these holes lie within limits
typical of oceanic abyssal tholeiites.

The basalt compositions determined in this study are
presented in Table 1, and both two- and three-component
diagrams based on the major oxide data are shown in
Figures 2 through 8. The three-component AFM dia-
gram (Fig. 2) shows that the basalts analyzed are tho-
leiitic with a poorly developed differentiation trend. The
ratios of the some of the rock-forming elements (FeO:
MgO, Al2O3:TiO2, Al2O3:MgO, Al2O3:CaO, MgO:CaO,
K2O:TiO2) also show that the basalts are abyssal tholei-
ites. As can be seen in Figures 3 and 4, the pairs FeO-
MgO and Al2O3-TiO2 show a weak inverse correlation
while the pairs Al2O3-MgO, Al2O3-CaO, MgO-CaO,
and K2O-TiO2 show practically no correlation whatso-
ever (Figs. 5-8). However, one trend is clearly recog-
nized in all these diagrams. Although the chemical com-
position of basalts at Sites 483 and 485 are similar to
each other, they differ from that at Site 482. On the
whole, basalts of Site 482 contain greater amounts of
MgO, A12O3, and CaO and somewhat lower concentra-
tions of FeO and TiO2. In the Miyashiro diagram (Fig.
9), practically all the analyzed basalts lie in the abyssal
oceanic tholeiites field below the boundary line V sep-
arating fresh rocks from rocks altered by secondary pro-
cesses. Thus, the aforementioned difference in the chem-
ical composition of the basalts represents a difference in
magma composition and can by no means be explained
by alteration, particularly since only fresh samples were
selected for chemical analyses.

Figure 10 reveals a slight negative correlation between
parameter / = A12O3 - Na2O/TiO2 and TiO2 content,
which is characteristic of abyssal oceanic tholeiites as
well. However, variation in the parameter t is much
smaller in this case than is characteristic of abyssal tho-
leiites of the Atlantic Ocean. This testifies to the lower
alumina contents and to the lower degree of differentia-
tion of basalts of the East Pacific Rise, as compared
with basalts of the Mid-Atlantic Ridge.

In the a-s Dmitriev diagram (Fig. 11), the composi-
tions of Leg 65 basalts lie in the field of abyssal oceanic
tholeiites, covering its small left part. Leg 65 basalts
(Fig. 1 IB) are enriched in mafic components, particu-
larly in iron, titanium, and magnesium as compared to
basalts of the Atlantic Ocean. We see variations in dis-
tribution of these elements in both of the compared prov-
inces. In cases where the iron content of the rocks in-
creases sharply, the magnesium content decreases, and
titanium concentration increases. These geochemical
trends may result from different degrees of differentia-
tion of the upper mantle under the Atlantic and Pacific
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Figure 1. Major element composition of lithologic units in Hole 482B. (Values shown in wt.%.)

oceans. The mantle substratum of the Pacific province
at the levels of primary melt generation may be more
differentiated and, correspondingly, more enriched in
these siderophile elements than the mantle substratum
of the Atlantic province, which is characterized by some-
what higher contents of lithophile elements. In Figure
1 IB, the compositions of basalts at Site 482 plot, on the
average, in positions further from the origin than ba-
salts at Sites 483 and 485. When plotted in this diagram,
the compositions of these basalts complement those of
oceanic lherzolites (Fig. 11, Fields I, II). The conclusion
is that the parental basaltic melts were formed by partial
melting of oceanic lherzolites.

Differences among Leg 65 basalts can be explained
by various degrees of partial melting of the mantle sub-
stratum. It would be difficult to attribute these differ-
ences to differential crystallization, because no signifi-
cant differences are seen in compositions or amounts of
phyric phenocrysts. Such phenocrysts are insignificant
in abundance.

In an alkali-silica plot (Fig. 12), the Leg 65 basalts lie
in the field of abyssal oceanic tholeiites close to a
tholeiitic differentiation trend. In this diagram the com-
positions of basalts at Sites 482, 483, and 485 somewhat
differ in the ratio of alkaline elements to silica. The in-
terpretation of this diagram using the results of Green
and Ring wood (1967) enable us to conclude that melting
of basalts occurred at depths of about 20 to 25 km, and
that their subsequent evolution took place at low pres-
sures. It follows that the formation of phenocrysts oc-
curred not in the primary magma pocket (not at the
protomagmatic stage), but in less abyssal intermediate
chambers or during eruption, inside lava flows or oozes.
Under such conditions, precipitation of olivine crystals
or flotation of plagioclase is negligible.

The distribution of rare-earth elements in Leg 65 ba-
salts is shown in Figure 13. Yu. A. Balashov (1976)
noted that rare-earth elements are sensitive indicators of
the processes of magmatic differentiation. During frac-
tional crystallization, the factors determining behavior

of rare-earth elements are crystallochemical differences
(monotonic change in ionic radii from La to Lu), where-
as in the melting and postmagmatic stages REE beha-
vior is controlled by their affinity for certain anjons
(CO^~, F~, and PO|~) and dependence of their concen-
trations upon alkaline elements.

Fractionation of rare-earth elements plays a signifi-
cant role in controlling their concentrations in volcanic
rocks characterized by high contents of alkali elements,
particularly potassium. The Leg 65 basalts are charac-
terized by extremely low sodium and potassium contents
and by insignificant variations in those contents. There-
fore, the main factor controlling fractionation of rare-
earth elements is their crystallochemical differences.

Table 2 reports contents of rare-earth elements in Leg
65 basalts. These data show that all samples analyzed
are characterized by relative enrichment of medium and
heavy rare-earth elements.

However, two types of fractionation are identified.
Rocks of Sites 483 and 485 are enriched with Eu and Lu
relative to Sm and Yb, respectively, whereas basalts of
Site 482 show deficiencies in Eu and Lu compared with
Sm and Yb. These relationships are observed, on the
whole, in all units at each site, except Units 2 and 4.
Unit 2 of Sites 483 and 485 contains a surplus of Eu rela-
tive to Sm but a deficiency of Lu relative to Yb. Similar
ratios characterize Unit 4 of Sites 482 and 483. These
data suggest a somewhat different character of frac-
tionation of rare-earth elements in Units 2 and 4, as
compared with the others.

The sum of lanthanum, europium, ytterbium, luteci-
um, and samarium contents are plotted in Figure 14 as a
function of unit number, i.e., the depth of occurrence in
the second layer of the oceanic crust. Unit 4 at Site 483
is characterized by a deficiency of rare-earth elements.
Despite sharp differences in total contents of lanthanum,
samarium, europium, ytterbium, and lutecium at each
site, these differences become less significant in basalts
of the upper units and are practically insignificant in
rocks of Unit 8. In other words, within various sites,
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Table 1. Composition of basalts from Sites 482, 483, and 485.£

Hole

Core
Section
Interval (cm)

SiO2
TiO2

A12O3
Fe2O3
FeO
MnO
MgO
CaO
Na2O
K 2O
H2O +
H 2 O "
P2O5
C O 2

C

Total

11
1

77-85

49.58
1.87

14.64
2.02
8.35
0.19
7.50

12.12
2.57
0.17
0.64
0.24
0.05
0.20
—

100.14

12
1

107-113

50.03
1.78

14.82
2.84
7.41
0.17
7.66

11.72
2.70
0.17
0.59
0.54
0.10
—
—

100.53

13
1

54-61

49.31
1.96

14.51
2.16
8.52
0.21
7.57

12.23
2.57
0.17
0.56
0.24
0.09
—
—

100.10

14
1

12-20

49.54
1.96

14.51
2.36
8.33
0.18
7.49

11.75
2.43
0.17
0.39
0.47
0.10
0.25
—

99.93

14
1

101-106

48.98
1.53

15.33
2.31
7.76
0.18
7.58

11.98
2.43
0.17
1.03
0.66
0.07
0.15
0.15

100.31

14
2

94-101

48.94
1.53

15.78
2.43
7.36
0.17
7.60

11.64
2.43
0.17
1.06
0.88
0.05
—
—

100.04

482B

14
3

109-119

49.42
1.48

14.96
2.04
8.10
0.19
7.71

12.16
2.30
0.17
0.82
0.54
0.07
—
—

99.96

15
1

94-100

49.44
1.49

15.12
1.90
8.12
0.19
7.92

11.98
2.30
0.17
0.74
0.55
0.04
—
—

99.96

15
2

120-129

50.17
1.38

15.03
1.77
7.93
0.17
7.93

12.22
2.30
0.17
0.70
0.34
0.05
—
—

100.16

15
3

20-30

50.10
1.38

15.14
2.07
7.66
0.17
7.93

12.10
2.30
0.17
0.52
0.30
0.08
—
—

99.92

16
1

41-50

50.16
1.37

14.74
2.34
7.83
0.17
8.06

12.15
2.16
0.17
0.55
0.30
0.05
—
—

100.05

16
5

39-49

50.40
1.37

15.06
2.07
7.31
0.17
7.80

12.03
2.30
0.17
0.48
0.32
0.03
—
—

99.51

18
1

49-57

50.02
1.37

14.61
2.19
8.10
0.17
7.96

12.14
2.43
0.17
0.42
0.38
0.09
—
—

100.05

18
2

44-51

50.20
1.37

14.72
2.38
7.78
0.19
8.04

12.14
2.30
0.17
0.46
0.40
0.07
—
—

100.22

a Values shown in weight percent.

Table 1. (Continued).

Hole

Core
Section
Interval (cm)

SiO2

TiO2

AI2O3
Fe2O3
FeO
MnO
MgO
CaO
Na2O
K2O
H2O +

H 2 O~
P2O5
CO2

c
Total

8
1

115-124

47.66
1.87

11.56
7.00
7.18
0.17
7.49

12.49
2.43
0.13
0.28
1.35
0.14
—

99.75

9
1

59-68

48.76
1.86

12.85
4.87
7.80
0.17
7.81

11.89
2.57
0.17
0.55
1.09
0.01
—

100.40

9
2

130-138

48.51
1.78

12.73
4.61
7.68
0.20
7.54

12.34
2.57
0.13
0.74
1.07
0.01
0.35

100.26

482D

10
1

133-139

48.46
1.86

12.38
5.22
7.59
0.17
8.15

12.01
2.57
0.13
0.61
1.06
0.05
—

100.26

11
1

110-118

48.33
1.44

13.48
4.24
8.00
0.15
8.73

12.10
2.41
0.10
0.43
0.90
0.03

100.34

12
1

80-87

48.50
1.62

13.82
3.95
7.74
0.14
8.36

11.83
2.57
0.13
0.72
0.95
0.01
—

100.34

12
3

104-108

49.50
1.44

13.86
3.69
7.92
0.15
7.99

12.35
2.43
0.13
0.07
0.82
0.08
—

100.43

13
1

59-70

49.19
1.53

13.59
4.30
7.12
0.14
8.27

11.81
2.57
0.13
0.51
1.20
0.01
—

100.37

482F

5
1

100-108

48.79
2.04

13.02
4.71
7.35
0.14
7.78

11.60
2.85
0.17
0.51
0.86
0.15
0.20

100.17

14
1

13-21

49.25
1.33

13.22
5.15
7.00
0.15
7.60

12.71
2.57
0.17
0.37
0.82
0.02
—

100.36

483

15
1

121-130

49.05
1.44

13.56
4.30
6.91
0.14
8.14

12.79
2.70
0.13
0.36
0.79
0.01
—

100.32

16
1

71-83

49.03
1.43

12.49
4.53
8.01
0.15
9.11

11.83
2.57
0.13
0.38
0.68
0.01
—

100.35

17
2

120-128

47.87
1.10

15.42
3.17
6.75
0.13
9.98

12.34
2.30
0.09
0.65
0.57
0.01
—

100.38

Table 1. (Continued).

Hole

Core
Section
Interval (cm)

SiO2

TiO2

A12O3
Fe2O3
FeO
MnO
MgO
CaO
Na2O
K2O
H2O +

H 2 O "
P2O5
co2
c
Total

27
2

10-21

48.66
2.14

13.72
4.64
8.48
0.18
7.53

11.02
2.82
0.15
0.56
0.61
tr
—

100.51

27
3

15-25

49.02
1.87

14.07
3.56
8.48
0.18
7.06

11.87
2.82
0.15
0.72
0.72
0.02
—

100.54

483B

30
1

70-78

49.13
1.79

14.38
3.77
7.66
0.21
7.90

11.97
2.70
0.15
0.39
0.60
0.03
—

100.68

32
1

110-119

48.93
1.70

15.08
4.69
5.90
0.19
7.47

11.96
2.82
0.31
0.52
0.92
tr
—

100.49

32
3

33-40

48.52
1.61

14.69
4.96
5.76
0.18
7.65

12.09
2.70
0.20
0.67
1.16
0.04
0.35

100.58

483C

4
3

3-14

49.62
1.45

14.00
3.41
7.84
0.17
7.66

12.46
2.60
0.10
0.18
0.52
tr
—

100.01

11
1

13-26

46.78
2.21

14.13
5.68
6.88
0.11
7.42
9.71
2.94
0.12
1.55
1.80
0.03
0.65

100.01

11
3

140-148

48.78
1.95

12.85
4.23
9.68
0.22
6.85

12.20
2.49
0.15
0.35
0.44
0.01
0.35

100.55

12
1

21-23

49.36
2.08

13.53
3.55
9.08
0.18
6.84

11.67
2.70
0.12
0.33
0.57
0.05
—

100.06

485A

13
1

35-42

48.87
1.91

13.85
2.87
9.23
0.22
6.94

12.56
2.51
0.12
0.41
0.34
0.05
—

100.53

14
1

43-56

49.04
1.95

13.70
3.55
9.06
0.20
7.12

11.71
2.61
0.06
0.29
0.55
0.06
0.60

100.50

18
1

9-20

48.64
2.16

13.87
3.62
8.98
0.17
7.03

11.69
2.61
0.12
0.60
0.59
0.05
0.30

100.43

23
1

66-76

46.67
2.38

12.31
5.26
9.25
0.15
7.44

11.03
2.70
0.20
1.28
0.94
0.01
0.15

99.77

23
2

38-50

48.43
2.17

13.69
4.60
8.29
0.20
7.30

11.37
2.61
0.12
0.71
0.52
0.04
—

100.05
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Table 1. (Continued).

20
. 1
120-127

49.76
1.57

15.13
2.41
7.33
0.17
7.47

12.18
2.43
0.17
0.76
0.34
0.08

—

100.25

20
3

43-52

48.77
1.49

15.00
3.82
6.84
0.17
7.65

12.44
2.61
0.05
0.46
0.77
0.01

—

100.08

21
2

9-18

49.16
1.44

14.31
3.46
7.47
0.18
8.08

12.44
2.41
0.10
0.36
0.58
0.03

—

100.02

482B

21
3

110-117

48.75
1.57

15.33
3.81
6.92
0.18
7.39

12.32
2.61
0.10
0.31
0.82
tr

—

100.11

22
1

97-105

48.87
1.57

15.38
3.23
7.22
0.18
7.31

12.56
2.70
0.05
0.20
0.74
0.01

—

100.02

22
3

85-93

48.83
1.53

14.97
3.55
7.08
0.18
7.82

12.44
2.50
0.05
0.55
0.79
0.01

—

100.30

24
1

106-115

48.78
1.87

14.07
4.29
7.35
0.17
7.83

11.62
2.82
0.10
0.32
0.88
tr

—

100.10

24
3

30-33

49. i 2
1.91

i4.22
3.50
7.95
0.18
7.56

11.83
2.70
0.10
0.33
0.72
—

—

100.12

10
1

107-115

48.91
1.87

13.96
3.73
7.55
0.18
7.92

11.86
2.61
0.15
0.41
0.98
0.01

—

100.13

11
3

96-105

49.24
1.87

14.38
3.29
7.77
0.17
8.08

11.96
2.51
0.15
0.37
0.58
0.02

—

100.39

11
4

83-91

49.31
1.87

14.00
3.42
8.05
0.17
7.83

11.61
2.51
0.10
0.55
0.64
0.01

—

100.07

482G

12
1

58-68

49.90
1.36

14.60
2.83
7.74
0.17
8.17

12.33
2.32
0.10
0.30
0.54
tr

—

100.36

13
2

80-90

49.41
1.40

14.31
3.36
7.53
0.17
8.40

12.05
2.41
0.10
0.41
0.58
0.01

—

100.14

14
4

42-53

49.48
1.36

14.24
2.98
7.89
0.17
8.16

12.54
2.32
0.10
0.54
0.50
0.02

0.12

100.42

15
1

i-io

49.46
1.36

14.40
3.29
7.62
0.18
.8.26
12.22
2.32
0.10
0.43
0.56
0.01

—'

100.21

15
4

48-58

49.97
1.36

14.32
2.42
7.80
0.17
7.91

12.69
2.32
0.10
0.31
0.58
tr

—

99.95

Table 1. (Continued).

20
1

118-127

48:63
1.94

13.22
4.49
8.93
0.17
7.70

10.50
2.70
0.13
0.29
0.63
0.12

100.45

21
2

43-51

48.69
2.12

13.06
4.52
9.11
0.17
7.48

11:55
2.70
0.13
0.13
0.59
0.02

100.27

22
4

117-127

48.16
1.93

14.19
4.40
7.58
0.18
7.33

12.02
2.57
0.13
0.59
0.74
tr

99.82

483

23
2

92-103

48.23
1.99

15.49
5.18
6.22
0.17
7.44

10.96
2.85
O.i3
0.54
1.08
tr
0.15

100.43

25
1

48-58

47.92
2.56

13.75
4.71
8.65
0.19
6.96

11.29
2.85
0.17
0.32
0.54
tr

99.91

26
2

140-149

48.11
2.36

13.54
5.34
8.55
0.19
6.87

11.01
2.85
0.13
0.53
0.77
tr

100.25

26
3

98-108

48.70
2.51

13.06
5.64
8.77
0.19
7.03

10.84
2.61
0.15
0.37
0.68
tr

100.55

4
5

13-23

48.57
1.34

14.93
2.76
7.44
0.16
8.73

12.21
2.41
0.10
0.57
0.50
tr

99.72

7
2

8-19

48.87
1.65

14.61
3.15
7.54
0.17
7.74

12.19
2.61
0.15
0.42
0.58
tr

99.68

8
3

26-35

46.63
1.03

15.76
4.34
6.35
0.17

10.26
11.59
2.13
0.10
1.50
0.59
tr

100.45

12
1

40-46

48.45
1.87

15.49
2.87
7.99
0.20
7.43

11.71
2.51
0.18
0.30
0.54
tr

99.54

483B

13
3

64-74

48.23
2.09

13.21
7.37
7.06
0.19
7.42

11.06
2.70
0.20
0.33
0.66
tr

100.52

17
1

138-146

48.28
2.32

13.64
4.64
8.96
0.20
7.13

11.04
2.70
0.20
0.72
0.55
tr

100.38

19
2

21-30

47.65
2.39

13.66
6.26
7.89
0.18
7.05

10.96
2.94
0.15
0.36
0.59
tr

100.08

22
2

13-23

48.64
1.97

14.56
3.50
8.64
0.18
7.68

i i .71
2.70
0.15
0.27
0.57
tr

100.57

25
1

103-114

48.72
2.04

14.45
3.19
8.42
0.18
7.84

11.19
2.59
0.18
0.36
0.80
tr

99.96

Table 1. (Continued).

23
3

60-72

49.12
2.16

14.11
4.06
8.30
0.18
6.83

11.65
2.61
0.12
0.55
0.50
0.04
—
—

100.23

24
2

77-87

48.59
1.95

14.55
3.58
8.72
0.17
7.46

11.22
2.61
0.24
0.81
0.52
0.04
0.20
—

100.66

25
1

63-74

48.73
2.08

13.81
4.48
8.65
0.20
6.92

11.68
2.60
0.15
0.68
0.62
0.04
—
—

100.64

29
3

118-130

48.92
2.12

12.30
4.16
8.86
0.17
7.75

11.57
2.70
0.15
0.68
0.73
0.01
—
—

100.12

30
1

121-134

48.51
2.71

11.12
6.06
9.74
0.17
7.23

10.39
2.70
0.15
0.50
0.95
0.14
_
—

100.37

30
2

116-129

49.52
2.04

13.60
3.19
7.39
0.14
8.29

12.64
2.49
0.15
0.40
0.34
0.04
—
—

100.23

485A

31
1

98-119

48.18
1.95

13.81
3.64
8.87
0.16
8.33

11.21
2.49
0.20
0.60
0.79
0.02
—
—

100.25

33
2

7-19

48.13
2.29

13.44
4.00
9.43
0.17
7.99

10.40
2.51
0.24
0.73
0.86
0.01
—
—.

100.20

34
2

78-89

48.73
1.94

12.89
4.04
8.55
0.14
8.21

11.60
2.41
0.12
0.65
0.87
0.03
—
—

100.38

35
1

21-31

48.81
1.96

13:83
3.09
8.65
0.14
7.86

11.81
2.49
0.10
0.72
0.66
0.01
—
—

100.13

35
5

48-62

48.59
1.95

13.49
3.18
8.83
0.14
7.75

12.24
2.49
0.10
0.62
0.71
0.01
—
0.14

100.24

38
2

104-119

48.16
2.12

14.26
3.04
8.83
0.16
7.84

11.11
2.49
0.15
1.15
0.90
0.02
—
—

100.23

39
3

47-57

48.31
2.26

14.29
3.33
8.84
0.14
6.83

10.94
2.70
0.10
0.72
1.17
0.01
—
—

99.64

39
4

105-115

48.38
1.93

13.84
3.26
8.91
0.14
8.07

11.52
2.60
0.10
0.73
0.90
0.01
—
—

100.39
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F (100%) F (80%)

A (100%) M (40%)

Figure 2. AFM diagrams comparing Leg 65 basalt compositions (right) with compositional fields for (I)
tholeiitic basalts, (II) high aluminum basalts, and (III) alkaline olivine basalts (left); ellipse shows com-
positional field of Leg 65 basalts. A = Na2O + K2O; F =± FeO + Fe2O3; M = MgO. (Values shown in
wt.%.)
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Figure 3. FeOT vs. MgO diagram for Leg 65 basalts.

differences in the overall concentration of rare-earth
elements were less significant during the earlier stages of
volcanism that are closer to the primary melt.

This allows us to conclude that primary magmatic
melts giving rise to basalts at these sites formed at the
expense of partial melting of compositionally similar
mantle material under similar T-P conditions.

What was the composition of the mantle material
from which the basalts formed? Variation diagrams of
standardized ratios of rare-earth elements have been
compiled comparing concentrations of REE in Leg 65
basalts to those in abyssal oceanic tholeiite, chondrite,
plagioclase-bearing lherzolite, clinopyroxene, and plagio-

15

I 13

11

O 482B
• 482C
3 482 F
C 482D
• 483
a 483C
U 483B
• 485A -

1.5 2.0 2.5 3.0

TiO
2

Figure 4. A12O3 vs. TiO2 diagram for Leg 65 basalts.

MgO (wt.%)

Figure 5. A12O3 vs. MgO diagram for Leg 65 basalts.

clase (Fig. 13). It follows from examination of these dia-
grams that the character of distribution of rare-earth
elements in Leg 65 basalts is tentatively the same in all
sites and is very close to their distribution of the median
oceanic tholeiite. Considering the distribution of rare-
earth elements, plagioclase-containing lherzolite from
the supposed mantle substratum is most similar to the
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Figure 6. A12O3 vs. CaO diagram for Leg 65 basalts.
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Figure 7. MgO vs. CaO diagram For Leg 65 basalts.
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Figure 8. K2O vs. TiO2 diagram for Leg 65 basalts.

O 482
• 482C
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• 483
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D 483B
A 485A

Figure 9. Na2O/K2O vs. Na2O + K2O (Miyashiro diagram) for Leg 65
basalts. Also shown are compositional fields for (I) Icelandic tho-
leiites; (II) abyssal oceanic tholeiites; and (III) alkaline olivine ba-
salts on Atlantic islands; Line V separates fresh rocks from those
which display secondary alteration.

Leg 65 basalts, whereas clinopyroxene is the most simi-
lar mineral.

We can assume that Leg 65 basalts resulted from par-
tial melting of plagioclase-bearing lherzolite, involving
mainly clinopyroxene, possibly admixed with small
amounts of plagioclase. Variations in compositions of
primary melts at various sites were controlled by differ-
ent degrees of partial melting, but not by differences in
the composition of the mantle substratum.

CONCLUSIONS

Two structural types are found among volcanic rocks
penetrated by drilling during DSDP Leg 65: pillow ba-
salts and massive crystalline basalts. Both structural
types contain aphyric and sparsely phyric plagioclase
and plagioclase-olivine varieties. Volumetrically, aphyric
rocks are insignificant. By chemical composition, all
Leg 65 basalts are abyssal oceanic tholeiites with a poor-
ly manifested Fenner trend of differentiation with accu-
mulation of iron. We managed to establish insignificant
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Figure 10. TiO2 vs. t diagram for Leg 65 basalts; where t = A12O3 -
Na2O/TiO2.

variations in chemistry of basalts penetrated at various
sites in the Gulf of California. These variations of the
basalt composition are the result of different degrees of
partial melting to form the primary melt, but are not
due to subsequent crystallization differentiation. The
formation of primary melts took place at depths not ex-
ceeding 25 to 30 km. Plagioclase lherzolite is assumed to
be the parental mantle material which melted to form
the basalts. The character of distribution of rare-earth
elements in the basalts studied does not contradict these
conclusions.
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Figure 12. Alkali-silica diagram showing differentiation trends at (I)
Site 482, (II) Site 483, and (III) Site 485. AB = composition of pri-
mary melt for alkaline olivine basalts; OT composition of primary
melt for oceanic tholeiites; OB = composition of primary melt for
olivine basalts (mixture of OT and AB); H, M, and L show paths
taken by melts crystallizing under relatively high (13-18 kb), in-
termediate (9 kb), and low pressures (data from Green and Ring-
wood, 1967).
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Figure 13. Rare-earth elements in basalts at the various sites, normalized to (I) average abyssal oceanic
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(V) plagioclase. CTRb/CTRn = ratio of concentration of rare-earth elements in basalts to concentra-
tion of rare-earth elements in the various rocks, minerals, and chondrites (from Yu. A. Balashov,
1976).
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Table 2. Rare-earth element abundances in basalts from Sites 482, 483, and 485.a

Hole

Core
Section
Interval (cm)

La
Ce
Sm
Hu
Tb
Yb
Lu

11
1

77-85

4.0
9.5
4.7
1.6
2.88
3.2
0.63

12
1

107-113

4.2
ND
4.8
1.25
ND
3.7
0.61

13
1

54-61

3.9
ND
4.6
1.2
ND
3.4
0.6

14
1

12-20

3.8
ND
5.1
1.5
ND
3.6
0.71

14
1

101-106

4.4
ND
3.8
1.25
ND
3.0
0.55

14
2

94-101

3.0
9.2
3.9
1.7
1.5
2.9
0.54

482B

14
3

109-119

3.0
ND
4.1
1.0
ND
2.9
0.40

15
1

94-100

2.6
9.7
3.8
1.5
2.53
3.0
0.58

15
2

120-129

2.4
ND
3.0
1.25
ND
3.6
0.61

15
3

20-30

4.0
ND
3.3
1.1
ND
3.2
0.42

16
1

41-50

2.6
ND
3.1
0.99
ND
2.3
0.46

16
5

39-49

3.5
7.8
3.4
1.4
1.15
2.7
0.47

18
1

49-57

3.1
ND
3.2
1.8
ND
2.8
0.62

Note: ND = not determined.
a Values shown in ppm.

Table 2. (Continued).

Hole

Core
Section
Interval (cm)

La
Ce
Sm
Eu
Tb
Yb
Lu

15
4

48-58

3.7
ND
3.1
1.3
ND
2.2
0.55

8
1

115-124

4.0
ND
4.2
1.6
ND
3.3
0.68

9
1

59-68

5.0
11
4.8
1.7
2.07
4.1
0.67

9
2

130-139

4.3
ND
4.8
1.8
ND
4.3
0.7

482D

10
1

133-139

4.8
ND
4.8
1.1
ND
3.6
0.73

11
1

110-118

3.1
8.7
3.9
1.4
1.96
3.1
0.53

12
1

80-87

2.5
ND
3.8
1.2
ND
3.2
0.56

12
3

104-108

3.2
ND
3.2
1.2
ND
3.2
0.66

13
1

59-70

3.6
ND
3.7
1.9
ND
3.3
0.49

482F

5
1

100-108

3.8
11
4.8
1.9
2.88
3.6
0.61

14
1

13-21

3.5
ND
3.1
1.4
ND
3.1
0.62

483

15
1

121-130

3.7
ND
3.4
1.2
ND
3.5
0.63

16
1

71-83

2.6
6.7
3.5
1.5
1.61
2.6
0.57

Table 2. (Continued).

Hole

Core
Section
Interval (cm)

La
Ce
Sm
Eu
Tb
Yb
Lu

22
2

13-23

3.5
ND
4.2
1.8
ND
3.8
0.67

25
1

103-114

3.9
ND
4.4
1.9
ND
4.2
0.81

27
2

10-21

4.4
14
4.7
2.0
1.61
3.9
0.81

483B

27
3

15-25

4.4
ND
4.9
2.0
ND
4.1
0.95

30
1

70-78

4.5
ND
4.4
1.8
ND
3.6
0.7

32
1

110-119

3.9
ND
3.7
1.9
ND
3.7
0.8

32
3

33-40

4.5
ND
4.0
1.8
ND
3.1
0.57

483C

4
3

3-14

2.7
9.4
3.2
1.6
1.15
2.7
0.68

11
3

140-148

4.3
ND
5.0
2.0
ND
4.0
0.88

11
1

13-26

6.8
ND
5.3
2.0
ND
5.8
1.15

485A

12
1

21-33

4.6
ND
5.2
2.8
ND
5.3
0.93

13
1

35-42

3.9
ND
4.9
2.0
ND
4.5
1.0

14
1

43-56

3.5
12
4.9
1.8
1.84
4.4
0.97

18
1

9-20

5.1
ND
5.0
2.1
ND
5.3
0.79
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Table 2. (Continued).

18
2

44-51

3.5
ND
3.3
1.15
ND
3.7
0.54

20
1

120-127

3.0
8.0
3.9
1.4
2.53
3.4
0.58

20
3

43-52

2.6
ND
4.1
1.1
ND
3.0
0.47

21
2

9-18

3.6
ND
4.0
1.3
ND
3.6
0.67

482B

21
3

110-117

4.8
10
4.2
1.7
1.27
3.2
0.67

22
1

97-95

3.1
ND
4.2
1.3
ND
3.4
0.67

22
3

85-93

3.2
ND
4.1
1.2
ND
3.1
0.59

24
1

106-115

4.2
10
5.1
1.8
1.63
4.0
0.76

24
3

30-39

5.0
ND
4.9
1.5
ND
4.4
0.72

10
1

107-115

3.7
ND
5.0
1.2
ND
3.9
0.77

11
3

96-105

3.3
ND
4.8
1.4
ND
3.8
0.64

11
4

83-91

4.0
10
5.0
1.7
2.42
3.4
0.66

482C

12
1

58-68

3.2
ND
3.3
1.4
ND
2.7
0.57

13
2

80-90

3.0
ND
3.2
1.3
ND
3.1
0.57

14
4

42-53

2.7
7.8
3.3
1.5
1.38
2.9
0.55

15
1

1-10

4.1
ND
3.5
1.25
ND
3.8
0.67

Table 2. (Continued).

17
2

120-128

2.8
ND
2.3
0.70
ND
3.5
0.53

20
1

118-127

6.2
ND
5.2
2.0
ND
5.2
0.93

21
2

43-51

5.5
ND
5.5
2.3
ND
2.6
1.0

483

22
4

117-127

3.6
9.8
4.8
1.6
2.19
3.0
0.48

23
2

92-103

6.4
ND
5.0
1.95
ND
4.3
0.75

25
1

48-58

4.3
ND
5.8
1.9
ND
5.0
1.0

26
2

140-149

6.2
13
5.6
2.0
2.65
5.3
0.84

26
3

98-108

5.1
16
5.7
2.1
1.73
4.7
0.97

4
5

13-23

2.6
ND
2.2
1.3
ND
3.6
0.46

7
2

8-19

5.6
ND
4.0
1.4
ND
2.6
0.7

8
3

26-35

1.6
ND
2.1
1.2
ND
2.4
0.43

483B

12
1

40-46

3.7
ND
4.1
1.6
ND
4.4
0.78

13
3

64-74

6.4
16
5.2
2.0
1.61
3.8
0.7

17
1

138-146

5.5
ND
5.5
2.0
ND
4.4
1.14

19
2

21-30

5.7
ND
5.7
2.1
ND
5.5
1.2

Table 2. (Continued).

23
2

38-50

5.7
ND
5.6
2.0
ND
3.9
0.91

23
3

60-72

4.8
ND
5.4
2.5
ND
4.1
1.0

24
2

77-87

4.8
ND
5.2
2.2
ND
4.2
0.87

25
1

63-74

4.4
16
5.7
2.1
1.84
4.9
1.1

23
1

66-76

4.6
ND
7.0
2.1
ND
5.4
1.22

29
3

118-130

4.4
ND
6.1
1.8
ND
5.6
0.95

30
2

116-129

3.9
ND
5.1
1.9
ND
4.6
0.72

485A

30
1

121-134 !

5.4
ND
5.7
2.5
ND
5.7
1.22

31
1

J8-119

4.1
12
4.0
1.8
1.84
4.2
0.73

33
2

7-19

4.2
ND
5.2
2.2
ND
4.6
1.22

34
2

78-89

3.3
ND
4.4
1.6
ND
3.2
0.77

35
5

48-62

4.0
ND
3.9
1.7
ND
4.1
0.69

35
1

21-31

3.7
ND
4.1
1.8
ND
4.6
0.81

38
2

104-119

3.8
13
4.1
1.8
1.61
3.0
0.76

39
3

47-57

4.0
ND
4.7
1.7
ND
5.6
1.0

39
4

105-115

3.8
ND
5.4
1.7
ND
3.7
0.83
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Figure 14. Distribution of the sum of La, Sm, Eu, Yb, and Lu in ba-
salt units at the various sites.
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