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ABSTRACT 

The distribution of clay mineral suites in surficial sediments of the southeastern Pacific 
is clearly r elated to variations in the composition of volcanic contributions to the sediments. 
The ratio of alkali feldspar plus quartz to plagioclase has been used to characterize the 
volcanic contr ibutions. Sediments in ar~as of dominantly acidic volcanism contain clay 
mineral suites that are largely of detrital ori gin, mainly "illite" and chlorit e. Clay minerals 
containing abundant montmorillonite characterize areas of dominantl y basaltic volcanism. 
The montmorillonite develops fr om the basic volcanic glassy debris very shortly after 
deposition . 

Introduction. The mineralogic components of pelagic sediments have diverse 
ori gins. Some of these components have been transported from the continents 
(Rex and Goldberg 1958); others are products of local submarine volcanism 
(Peterson and Goldberg 1962 ). Some are formed by inorganic chemical 
precipitation at the depositional interface; still others are products of biological 
activity in the overlying seawater. During and shortly after depositi on, yet 
another group of minerals appears, the products of halmyrolysis and early 
diagenesis. 

Of the many sedimentary parameters involved in the creation of authigenic 
mineral suites, the original starting materials, the solutions with which they 
are in contact, and time are of paramount importance. Recent work on rates 
of sedimentation in the South Pacific (Goldberg and Koide 1962) shows that 
pelagic sediments from this area have a markedly low rate of accumulation, 
of the order of 0.5 mm/ 1000 yrs., indicating the amount of time involved. 
The composition of the seawater above the sediments, especially with regard 
to ratios of cations, is relatively uniform, thus providing a fairly definable 
environment for chemical reactions at the depositional interface. 

The alteration of volcanic debris to montmorillonite is well attested in the 
li terature (Ross and Hendricks 1945). Murray and Renard (1891) noted in 

1 Contribution fr om Scripps Institution of Oceanography. 
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pelagic sediments the presence of a clay, which they concluded was ~ont-
morill onite. M ore recently, Mathews (1962) has reported the alteration of 
vesicular basalt to montmorill onite at the fl oor of the eastern Atlantic in what 
he interprets as the lowest temperature stage of alteration. Attention will be 
directed in this paper to the possibilit y that the amount and type of volcanic 
debris contributed to the sediments might be an important factor in the forma-
tion of authigenic clay minerals; such information would be important in the 
understanding of regional distributions of clay mineral suites in surficial sed-
iments of the deep oceans. 

Volcanic Contributions. The general compos1t1on of volcanic contributions 
to surfi cial oceanic sediments can best be deduced, in the samples now available, 
from the volcanic minerals that are present in the sediments, rather than from 
the amorphous or glassy material, even though the latter may originally have 
been present in greater abundance. Volcanic glass of basic composition tends 
to alter relatively rapidly, so that the study of glass, except in the most broadly 
descriptive terms, does not offer a satisfactory way to characterize the contrib-
uting magma. On the other hand, feldspars and quartz show a considerable 
resistance to submarine weathering (Peterson and Goldberg); thus they 
should be much more reliable indicators of the general type of volcanism, 
even after considerable submarine alteration of the volcanic detritus has 
taken place. The glass may be used to corroborate conclusions based on the 
minerals. 

In the southeastern Pacific, the various feldspars and quartz occur in suites 
that have been shown to have geographic variability (Peterson and G oldberg). 
Based on these suites, volcanic provinces have been generally delineated. 
Products of generally basaltic volcanism have been contributed to sediments 
over most of the southern Pacific. Along the very crest of the East Pacific 
Rise there appea_rs to be ;; narrow but fairly continuous belt of basaltic volcan-
ism that seems to be much more recent than does the volcanism elsewhere 
in the southeastern Pacific. T his judgment is based on the fresh, unaltered 
appearance of the basaltic volcanic glass, the compositi on of the plagioclase 
suite, which is more calcic than elsewhere in the area, and the fact that this 
material is found in the uppermost part of the relati vely rapidly depositing 
calcareous ooze of the area. On the East Pacific Rise between 40°S and 50°S, 
the volcanic contributions to the sediment are more acid ic than elsewhere in 
the southeastern Paci fi e. (Even in this area, however, basaltic volcanism is 
present at the very crest of the Rise.) A lkali feldspars are domi nant over plagio-
clase in the coarse fraction, and appreciable quantities of euhedral volcanic 
quartz are also pres_ent. T he compositi on of the alkali feldspars, which are 
most commonly a smgle, homogeneous, presumably quenched phase, centers 
around O r3s (A b + An)65. The plagioclase is generall y sodic but ranges in 
compositi on fr om albite to labradorite. 
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As an attempt to characterize with a single number the general nature of 
the volcanism that has contributed to the sediments, whether it has been 
dominantly acidic or dominantly basic, an index has been evaluated for each 
sample: 

Alkali Feldspar+ Quartz 

Plagioclase 

The areas of X-ray diffractometer traces of the 201 reflections of the feldspars 
and of the Io Io reflection of quartz were used. The methods of sample prep-
aration have been described elsewhere (Peterson and Goldberg). Any ambiguity 
between the 201 reflection of feldspar near the composition Or100 and the 
1 o Io reflection of quartz is unimportant, because the numerator of the ratio is 
the sum of any such peaks. Very sodic alkali feldspar is included in plagioclase. 

Volcanic glass was abundant in some samples and was virtually absent in 
others. In a number of samples where it was present, its refractive index was 
determined. Relatively few samples had refractive indices near 1.54, so this 
natural break in the range of refractive indices was chosen for the purpose of 
contrasting the generally basic and acidic glass. 

//olcanic Debris and Clay Minerals. Previously published information (Grif:. 
fin and Goldberg 1963) concerning clay mineral distributions in the Pacific 
has outlined some of the broad patterns of their occurrence. Clay minerals 
from surficial sediments of the South Pacific show little continental influence; 
montmorillonite predominates in most places. In the North Pacific, on the 
other hand, the relative importance of clays derived from land masses is much 
greater. Since this work was done, additional data have made possible the 
examination of much more detail in the patterns of distribution of clay minerals 
in the South Pacific; these data are considered below. 

The methods of sample preparation and identification of clays have been 
outlined by Griffin and Goldberg. In addition, for those samples in which 
the amount of iron oxide and hydroxide seriously interfered with X-ray dif-
fraction methods, the iron was removed by the sodium citrate-sodium dithionite 
treatment (Mehra and Jackson 1960). Calcium carbonate was removed by 
dissolution in a solution of acetic acid buffered at pH 4.5 with lithium acetate 
(Peterson 1961 ). Relative abundances of the clay minerals have been expres-
sed as ratios of the areas of diffraction peaks. In order to make the ratios of 
integrated peak intensities approach more closely the true proportions of the 
minerals, the ratio ( 001) MONTMORILLONITE/ ( oo 1) x 4 "1LLITE" was used 
(Johns ct al. 1954). The principal clay minerals found are montmorillonite, 
"illite," and chlorite. Considerable variations in the relative proportions of the 
clay minerals are apparent over relatively short distances. 

To examine the possibility that the clay mineral suites in the sediments might 
be related to the composition of the dominant volcanism, the ALKALI FELD-
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Figure r. Relation of clay minerals to volcanic debris in samples from the southeastern Pacific. 
Solid dot indicates no glass identified; circle with cross indicates presence of glass (n > 1.54); 
open circle indicates presence of glass (n < r. 54). 

SPAR+ QUARTZ/ PLAGIOCLASE INDEX was plotted against the MONTMORILLONITE / 

"rLLITE" RATIO (Fig. I) . The refractive index of the volcanic glass is also 
shown for those samples for which it was determined. In general, great reliance 
should not be placed on refractive index as an indication of composition of 
this glass. Because of the probable alteration, values are probably minimal. Two 
examples of X-ray diffraction patterns and associated clay mineral suites are 
shown in Fig. 2 . Data are tabulated in Table 1. 

Dominantly basic volcanic debris is clearly associated with large proportions 
of montmorillonite, and dominantly acidic volcanic debris is associated with 
small proportions of montmorillonite. 

The volcanic debris occurs in provinces; therefore, the montmorill onite 
content of the sediment should vary with respect to these provinces. T o ii-
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Figure 2. Two examples of X-ray diffraction traces of the volcanic debris from the size-fraction 
larger than 32 µ, and the associated clay minerals from the size fraction smaller than 2 µ. 
Upper trace DWBG-64 (46°43'S, 118°2o'W). Lower trace DWBG-123 (26°13'S, 
115°43' W). The scanning rate of the clays on the right was four times faster than that 
for the volcanic minerals on the left. 

lustrate that this does happen, attentiorr is directed to a portion of the data 
collected from a series of cores taken on the DowNWIND Expedition of Scripps 
Institution of Oceanography in the region extending from the Society 
Islands southeastward into the Pacific-Antarctic Basin (Fig. 3). The upper 
part of the diagram shows the volcanic index. The lower part shows the 
montmorillonitej" illit e" ratio and illustrates the sympathetic variation of the 
two variables, in terms of their geographic distribution. 

For the following reasons, it is believed that the "illite" and chlorite have 
been derived from the continents. The clay mineral suites from the area of 
acidic volcanism are similar to those of the central North Pacific (Griffin and 
G oldberg), where continental contributions probably are important because of 
the large proportion of continents in the northern hemisphere, and where 
Hurley et al. ( 1959) have demonstrated a great age for the potassium-bearing 
clays. The ratio of the two minerals, as expressed by the ratio of X-ray dif-
fraction peaks 4. 7 A/ 5 .o A, remains fairly constant over this large area in the 
southeastern Pacific (Table r). Therefore, neither mineral is authigenic un-
less they both form in some fairly constant ratio. 

This study was intentionally directed toward an area of the oceans that is 
exceedingly remote from land masses. Consequently, abrupt variations can 
be attributed only to local effects, not to vanatrons in source areas of clay 
minerals. The montmorillonite, which tends to dominate the clay suite in 



18 Journal of Marine Research [22,1 

T ABLE I. MINERAL DATA FROM SOUTH PACIFIC CORES. (A + Q)/P = ALKALI FELD-
SPAR PLUS QUARTZ/PLAGIOCLASE RATIO (IN TERMS OF X-RAY DIFFRACTION 
PEAK AREAS). THE RATIOS 17A/10Ax4 AND 4.7A/5.0A EXPRESS THE 
MONTMORILLONITE/"ILLITE'' AND CHLORITEj" ILLIT E'' PROPORTIONS (IN 
T ERMS OF X-RAY D IFFRACTION PEAK AREAS). A DASH INDICATES ESSENTIALLY 
ZERO; A BLAN K SPACE INDICATES NOT D ETERMIN ED 

Core Lat. Long. Depth A + Q 11A 4.7A 
Number (m) p 10Ax1 5.0A 

DWBG21B . .... . !8°31'8 141°24'W 4080 0.1 
DWBG 30A . .. . .. !9°50'8 148°39'W 4620 0.1 2.2 
DWBG 32 . . . . ... . 24°05' 8 146° ll'W 4020 0.0 1.4 
D'NBG 39 .... . . .. 30°23'8 141°49'W 4560 0.2 3.5 
DWBG 41 B . .. . . . 32°08'8 !40°30'W 4770 0.5 2.4 
DWBG 46 . . .. . .. . 36°23' s 137°!5'W 4680 0.6 1.5 
DWBG 47 .. .. . . .. 36°33'8 137°24'W 4700 0.8 1.6 
DWBG 48 . .... . .. 37°05' 8 137°00'W 4940 0.8 1.0 .4 
DWBG 49 . . ...... 38°51'8 135°30'W 5060 1.0 1.4 .5 
DWBG 51 .. .. . .. . 39°21' s 134°28'W 5030 1.6 1.5 
DWBG 56 . . ... . . . 42°16'8 125°50'W 4560 1.4 2.0 .3 
DWBG 57A . . ... . 42°50'8 125°32'W 4560 2.3 1.9 
DWBG 59 . .. . .. . . 44°23'8 124°39'W 4500 2.6 2.6 
DWBG 60 . ..... . . 45°27'8 124°0!'W 4040 7.8 .68 .59 
DWHG 36 . .. . . .. 45°30'8 119°50'W 3770 4.2 .23 .48 
DWBG 61 .. . ..... 46°44'8 123°01'W 4250 5.0 .34 .66 
DWBG 62 ... .... . 47°37'8 121°02'W 3800 6.6 .61 .62 
DWBG 63 . .. . .. . . 47°50'8 120°32'W 3830 9.5 .53 
DWBG 64 . . .... . . 46°43'8 118°20'W 3480 8.0 . ! 7 .51 
DWHG 37 ........ 46°03'8 116°11'W 3400 3.4 .20 .74 
DWBG 65 ....... . 47°11'8 116°43'W 3500 5.9 .67 .81 
DWBG 68 .. . ..... 48°27' 8 114°18'W 2820 4.3 
DWBG 70 . . .. .. .. 48°28'8 113°17'W 2580 0.4 3.0 
DWBG 71 ... . . . .. 46°35'8 I 13°34'W 2790 6.1 1.3 .76 
DWHG 40 .... . ... 46°23'8 112°37' W 2700 6.1 3.5 I.I 
DWHG 43 . . .. . . . 44°18'8 109°30'W 3140 8.0 .38 .72 
DWBG 72 ... . .... 44°27'8 II0°45'W 3180 7.2 .6 .59 
DWBG 73 .. . .... . 43°48'8 108°09'W 3080 5.4 
DWBG 75 .. . ..... 43°33' 8 108°18'W 3650 6.3 1.2 .67 
DWBG 74 . . . . .... 43°43'8 107°36' W 3220 11.4 .58 .75 
DWHG 45 43°55'8 106°20'W 3500 5.3 .40 I.I 
DWHD 47 ... .... 41°59'8 I02°01'W 4200 9,4 
DWHG 48 . . . . .. . 42°00'8 102°00'W 4240 6.7 1.3 
DWBG 77 ....... . 44°09' 8 101°34'W 3820 4.6 .65 .76 
DWBG 78 . . . ... .. 44°08'8 100°58' W 4100 3.9 1.0 .81 
DWBG 79 . ....... 44°06'8 100°04'W 3940 1.4 .79 .75 
DWHG 49 .. . . .. . 42°02' 8 98°01' W 4350 0.5 2.7 
DWHG 50 .... . .. 42°54'8 97°05'W 4550 0.4 1.85 
DWBG 83 .. . .. . .. 44°03' 8 95°42'W 4660 0.5 .77 
DWBG 128 .... . . . 20°18' 8 113°50'W 3220 0.0 00 

DWBG 123 . . . . ... 26°13'8 115°43' W 2580 0.0 00 

DWBG 120 .. . ... . 27°56'8 I06°55' W 3060 0.0 1.6 
DWBP 19 . . . . .... 14°59'8 136°02' W 4465 0.0 1.6 
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some places but not in others, is interpreted as being authigenic. In those 
specimens in which chlorite and "illite" are the dominant clay minerals, the 
total amount of clay is very small, indicating that the content of montmoril-
lonite is the actual variable and that the proportions of clay minerals vary be-
cause of differences in the amount of montmorillonite. It is difficult to give 
more than a qualitative statement of this effect because of the uncertainty of 
dilution by calcium carbonate and opal. The montmorillonite-to-"illite" ratio 
never achieves a value of zero, indicating that there is some montmorillonite 
in every specimen, even in areas where basic volcanism is not particularly ap-
parent. These small amounts of montmorillonite are probably derived from 
basic volcanic debris that was present in much smaller amounts than elsewhere 
and probably also from small amounts of detrital montmorillonite. It would 
seem highly unlikely that basic volcanic debris could be entirely missing from 
any of these sediments. Indeed, there are obvious examples of mixing. One of 
these examples, indicated by arrows in Figs. I and 3, is within the area of acidic 
volcanic debris, but it is located just next to a source of basic debris. 

The montmorillonite apparently forms very soon after deposition in the 
areas of basic volcanism. It is found in surface samples taken from areas of 
carbonate-ooze accumulation in which the large fragments of basaltic glass 
still appear very fresh, except for a thin rind of alteration. This thin rind spalls 
off easily, is amorphous to X-rays, and may be a precursor of a clay mineral. 
The montmorillonite probably has formed from very finely divided volcanic 
material havin_g a large surface area that would hydrate and react with 
seawater most easily. This reaction might begin while the material is still hot 
from volcanic activity. 

The acidic volcanic glass appears to be much more resistant to alteration 
than the basic glass, when observed in fairly large pieces, and probably this 
is also true of the more finely divided material. It may be that the acidic debris 
would also alter to montmorillonite under normal marine conditions, if given 
time; however, it is clear that the surface distribution of clay minerals is strongly 
dependent on the composition of the contributing volcanic magma. 

The relation of the clay mineral suites to the composition of the volcanic 
debris lends a certain confidence to the interpretation of the volcanic provinces, 
based on the distribution of coarse-grained volcanic minerals alone. The in-
fluence of the volcanic material on the sediment reflects the general composi-
tion of the contributions, including the smallest fragments of glassy material. 
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