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Genetic Relations of Oceanic Basalts 

as Indicated by Lead Isotopes 

Abstract. The isotopic compositions of lead and 
uranium, and thorium in samples of oceanic tholeiite 
mined, and the genetic relations of the oceanic basalts 
oceanic tholeiites has a varying lead-206: lead-204 ra 
while leads of the alkali basalt suites from Easter Isi 
are very radiogenic with lead-,206: lead-204 ratios be 
concluded that (i) the isotopic composition of lead i 
that the upper mantle source region of the tholeiite 
original mantle material more than 1 billion years ago 
is not homogeneous at the present time, (ii) less than 2( 

for the crystal difjerentiation within the alkali suite j 
crustal contamination was involved in the course of d 
Easter Island; however, some crustal contamination mg 
Island rocks, and (iv) alkali basalt may be producec 
oceanic region by crystal differentiation. Alternativel) 
topic composition of lead in oceanic basalts may be 1 
at different depths of a differentiated upper mantle. 

The genetic relations of tholeiite and 
alkali basalt have been debated. Powers 
(1) and Macdonald (2) have concluded 
that alkali basalt is a derivative from a 
tholeiitic parent; but, on the other hand, 
Kuno and his colleagues (3) and Yoder 
and Tilley (4) have suggested that two 
or more independent parental magmas 
are generated in the mantle by frac- 
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terized by extremely low content of 
alkali metals, alkaline earths, phospho- 
rus, titanium, zirconium, thorium, and 
uranium in comparison with the oceanic 

^.Te^ or s w t calkali basalts that cap submarine and 
Fv O island volcanos. Engel et al. suggest that 

the alkali-rich basalts are fractionated 
from oceanic tholeiites by processes of 
magmatic differentiation. 

Tatsumoto et al. (6) reported that 
the amounts of thorium and uranium 
and the ratio of Th/U in the oceanic 
tholeiites are quite low when compared 
with these values in alkali basalts from 

the concentrations of lead, oceanic localities. The Th/U ratio of the 
and alkali suites are deter- oceanic tholeiites averages about 1.8 

i are discussed. Lead of the and this value is only half of that com- 
,tio between 17.8 and 18.8, monly inferred for the crust and the 
land and Guadalupe Island upper mantle (7-9). Hence, the ques- 
otween 19.3 and 20.4. It is tions are: (i) What is the isotopic com- 
n oceanic tholeiite suggests position of lead in typical oceanic 
was differentiated from an basalts, or does the isotopic composition 
> and that the upper smantle of lead provide some suggestions regard- 

0 million years was required ing the genetic relations of the tholeiites 
from Easter Island, (iii) no and alkali basalts? (ii) Do the lead iso- 
ifferentiation of rocks from tope studies confirm or invalidate the 
ay have affected Guadalupe concept that the observed Th/U ratio is 
i from the tholeiite in the approximately that of the mantle source 
y the difference in the iso- regions of the oceanic tholeiites? 
produced by partial melting The interrelations of the isotopic 

composition of lead and the content of 
uranium, thorium, and lead in volcanic 

ng of peridotite under differ- rocks provide useful restrictions on the 
ns of pressure and tempera- chemical differentiation system within 

the upper mantle and the crust since the 
ntrochemical studies by Engel isotopic composition of lead is the initial 
n the oceanic basalts suggest isotope ratios of lead plus the time- 
anic tholeiitic basalts are the integrated result of the ratios U/Pb and 
r only, parental magma gen- Th/Pb in a given chemical system. It 
he upper mantle under the has been shown that U/Pb and Th/Pb 
tholeiitic basalts are charac- ratios in volcanic rocks vary widely 

enough to produce significant isotopic 
differences (10). A number of analyses 
have recently been reported for the iso- 

Th- K topic composition of lead in volcanic 
,," rocks (10-12). Except for (10), how- 

ever, these papers have discussed only 
/' lead isotopes without knowing the 

- U/Pb and Th/Pb ratios in the rocks; 
the interpretations are thus limited. 

The isotopic composition of lead and 
Pb U Th the concentrations of lead, uranium, 
o El A and thorium in oceanic basalts will be 

Oceanic Tholeiite given in this report and their genetic im- 
* * A plications will be discussed. Three tho- 

Easter Island leiitic basalt samples are from the Mid- 
e B a Atlantic Ridge and three are from the 

Guadalupe Island East Pacific Rise. Two alkali basalt series 
are from Easter Island and Guadalupe 
Island. Petrochemical studies of these 

---------------- ______ 1 oceanic tholeiites and Guadalupe Island 
9 10 {I l2 83 

rocks have already been reported (5). 
Lead in the alkali basalts was ex- 

d lead, uranium, and thorium. tracted 'by heating (- 1100?C) a mix- 
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ture of nine parts powdered sample and 
one part graphite powder under vacuum 
(10-3 10-5 mm-Hg) (13). A modi- 
fied procedure was used for tholeiite 
because of its low lead content. An un- 
crushed block sample (- 40 g) was 
placed in a graphite crucible and heated 
to 1250?C in a vacuum. All samples 
melted at around 1100? to 1150?C, and 
more than 90 percent of the lead was 
usually recovered. The isotopic com- 
position of the lead from AD3 was 
obtained by two methods: pyrochemical 
extraction and chemical decomposition. 
The results are compared in Table 1. 
Two additional comparisons of the two 
methods will be reported by Doe (14). 
The differences in isotopic composition 
were less than measurement errors, and 
no fractionation was observed during 
pyrochemical extraction. The volatilized 
lead was deposited on a cold finger and 
was purified further by barium copre- 
cipitation (10) and a conventional 
dithizone extraction. Each sample in- 
cluded more than 15 ,/g of lead, while 
laboratory contamination amounted to 
only about 0.03 [kg of lead per analysis. 
The concentrations of lead, uranium, 
and thorium were determined by isotope 
dilution (10). The mass spectrometry 
for the measurement of lead isotope 
ratios was the same as reported earlier 
(10). No mass discrimination factor is 
applied to the observed ratios. The re- 
liability of the isotopic ratio determina- 
tion may be estimated from the replicate 
measurements in Table 1 and from the 
CIT lead standard used by Tatsumoto 
(10). 

The concentrations of lead, uranium, 
and thorium for oceanic tholeiites and 
members of the two alkali series are 
listed in Table 1 together with concen- 
trations of Na2O and K20O. It should be 
emphasized that the concentrations of 
lead, uranium, and thorium in the 
oceanic tholeiites are about one-half to 
one-fourth those of the tholeiites 
from Hawaii and Japan (10), and that 
positive correlations exist between the 
amounts of potassium and lead, ura- 
nium, and thorium in the analyzed rock 
suites (Fig. 1) (15). 

The observed U238/Pb2O4 ratios in- 
crease toward the rhyolite in the oceanic 
tholeiite and alkali series; however, ob- 
served Th232/U238 ratios have no pro- 
gressive change. The Th232/U238 ratios 
are extremely low for the oceanic 
tholeiites (about 2) (6), as are the 
Japanese tholeiites (10), but they are 
high in the alkali series (about 4). The 
Th232/U238 ratio in labradorite-andesine 
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alkali basalt from Guadalupe Island is 
very high because of the low uranium 
content (15). Conceivably the irregu- 
larity of Th232/U238 might be reflected 

by the oxygen pressure and water con- 
tent in magmas (5, 16), since uranium 
has two oxidation states (+4 and +6) 
while thorium has one (+4). The rela- 
tion of U238/Pb204 and Th232/U238 ratios 
will be discussed further in conjunction 
with genetic relations of oceanic basalt. 

The isotopic compositions of lead in 
the tholeiites and the alkali suites are 
given in Table 1. The observed lead iso- 
tope ratios for Easter Island rocks are 
similar to those of the alkali feldspar 
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[sample DWHD-47 (F)] in volcanic 
sediments dredged from the East Pacific 
Rise (9), and the measured ratios of 
Ourito obsidian from Easter Island agree 
within experimental error with the value 
reported by Patterson and Duffield 
(17). The leads of all samples are fur- 
ther compared in Fig. 2, which is a 
combined diagram of Pb206/Pb204 versus 
Pb207/Pb204 (lower part) and Pb206/Pb204 
versus Pb208/Pb204 (upper part). The 
primary growth curves (G) for a chemi- 
cally closed system with present-day 
U238/Pb204 ratios (/%) of 8.6 and 8.8 
since the earth formed (4.55 billion 
years ago) are shown in the lower part 
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Fig. 2. Ratios of Pb?20/Pb204 versus Pb207/Pb204 (lower part) and Pb20?/Pb204 versus 
Pb208/Pb204 (upper part) in tholeiites and rocks from Easter and Guadalupe Islands. 
The primary growth curves having -- = 8.6 and 8.8 (lower part), p,o = 8.6 and K o -- 
4.0 and /o =- 8.6 and Ko = 3.9 (upper part) are given by G. The primary isochrons 
(I) are also given for present, +- 100 million years, ? 500 million years, and - 1500 
million years. 
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of Fig. 2. The primary isochrons (1), in 
which lead evolved in chemically closed 
and coetaneous systems with initial 
U238/Pb204 ratios, are shown for the 
present, ?100 million years, ?500 mil- 
lion years, and -1500 million years. In 
the upper part of Fig. 2, the primary 
growth curves (G) are shown for juO = 
8.6 and KO = 4.0 by a solid line, and for 

o = 8.6 and KO = 3.9 by a dashed line. 
These primary isochrons and the pri- 
mary growth curves that are defined by 
meteoritic lead are shown as a conven- 
ient frame of reference (18). The ,L and 
K are the conventional means of indicat- 
ing the atomic ratios of U238/Pb204 and 
Th232/U238 today, as calculated from the 
lead isotopes. The 40 and Ko indicate the 
ratios in a chemically closed system 
since the earth formed. The actually 
observed atomic ratios of U238/Pb204 
and Th232/U238 from the concentrations 
are always expressed as observed tx and 
observed K. 

The average of the leads of the 
oceanic tholeiites fits the [/o = 8.6 
growth curve. The primary isochron 
which fits the oceanic tholeiites spreads 
between ?300 million years. The spread 
is most pronounced for Atlantic sam- 
ples. PD1 and PD3 fit an apparent 
growth curve Ito = 8.55 and are very 
close to the present isochron ("Geo- 
chron"). 

The apparent [to of these tholeiites is 
lower than that of ordinary galena [/AO = 
9.0 - 9.1 (19)], "crustal lead" [o0 = 

8.95, readjusted value (10) from (9), 
or /-o = 9.0, calculated from marine lead 
(8)], Gough Island basalts [Xo = 8.8 
(11)], and Japanese basalts [/, = 8.75 
(10)]. However, it is similar to the juo 
calculated for Hawaiian rock lead 
(especially to that for the lead in alkali 
basalt) (10). These relations are illus- 
trated in Fig. 3 in which Pb206/Pb207 is 
plotted against Pb26/Pb204. The lowest 
/Ao which fits the oceanic tholeiite indi- 
cates that the leads are more "primitive" 
than the others; in other words, the 
leads from the galena, "the crust," and 
Gough Island and Japanese basalts 
evolved in systems with higher /A a long 
time ago, so that the apparent /uo in- 
creased along with mantle differentia- 
tion in a manner such as Patterson and 
Tatsumoto (9) have discussed. The 

Fig. 3 (right). Ratios of Pb220/Pb207 versus 
Pb^06/Pb204 for volcanic rocks. For compari- 
son, the values in volcanic rocks from 
Hawaii, Japan, and Iwo-Jima (10), Gough 
and Ascension Islands (11), and the Ore- 
gon Coast (25), and in a feldspar from 
East Pacific Rise (9) are also plotted. 
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Table 2. Comparison between observed /i and K and calculated A, and 'Ki by two step model.* 

AD3 PD4 AD5 PV651 

Observed 
Pb2o6/Pb2O4 17.82 18.50 18.82 19.28 
Pb2o8/pb204 37.52 38.36 38.65 39.16 

tH 5.6 8.5 10.5 23.9 
k 3.0 1.7 1.4 3.9 

Calculated 
Starting )uo = 8.6 and Ko = 4.1t 

Differentiation age; 
15 billion. yearA1 6.9 9.5 10.7 12.7 t = 1.5 billion years l 3.3 3.5 3.5 3. 

1.0 billion years fui1 5.9 10.0 11.9 14.7 
2I 1.7 3.3 3.3 3.3 

,.5 billion. yeuar 2.6 11.5 15.5 21.3 0.5 billion years (-) 2.6 2.7 3.0 

f,,.?. J1xi 0.6 13.6 20.3 30.1 0.3 billion years (-) 136 20.31 30 .1 

* AD3, AD5, and PD4 were chosen to cover the range of isotopic composition of oceanic tholeiites; 
PV 651 is one example for alkali basalts. t The primary /Lo and Ko in the source changed to /1i and 
Kt at t billion years ago. The necessary A/l and Ki are calculated to produce observed Pb26/Pb204 and 
Pb208/Pb204 ratios according to the following two equations: 
Observed Pb2o6/Pb204 = 9.56 + uo (eX2387'-et)+l1 (eX238t-1) 

Observed Pb208/Pb204 = 29.71 + .tOK0 (eX232T-_e)+lKl (e232t- 1) 
T (age of the earth) = 4.55 billion years. 

primitiveness of lead in the oceanic 
tholeiite also is suggested in Fig. 4 in 
which Pb208/Pb207 versus Pb208/Pb204 
are plotted. In Fig. 4, the leads of the 
oceanic tholeiite cluster near Hawaiian 
leads (10) and have smaller apparent j/o 
and Ko than the others. 

The lead in the alkali suite from 
Easter Island is radiogenic and shows a 

Pb206 aberration from the model, and 
this fits the -750 million-year isochron 
without any spread. The Pb206/Pb204 
ratios lie within the range of 19.25 to 
19.31, which is almost within the 
limits of experimental error, but the 
Pb208/Pb204 ratios have a little variation 
(38.9 to 39.5). The apparent juo of 
Easter Island lead is similar to that of 

0 
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Ascension Island (11) and spreads be- 
tween 8.6 and 8.8. The leads from Gua- 
dalupe Island are extremely radiogenic 
and show the model age of -1500 mil- 
lion years (Fig. 2). The Pb206/Pb204 and 
Pb208/Pb204 ratios of Guadalupe Island 
lead are the largest so far reported for 

41.0 

40.0 

leads in volcanic rocks. ' 

and Pb208/Pb204 ratios 
variation (20.12 to 20. 
40.8, respectively). 

It should be emphasi 
topic composition of 
volcanic rocks is som 

x 

x 

xx 

x 
X X 

x 

* x 

The Pb2?o/Pb2o4 (Figs. 3 and 4) and suggests an 
have a little isotopically nonuniform upper mantle 

42 and 40.3 to (10, 11). This statement is true even for 
the source region (probably the upper 

zed that the iso- mantle) of the most "primitive" oceanic 
lead in young tholeiite. These variations suggest that 
lewhat variable the source region of the tholeiite was 

differentiated from the original upper 
mantle material some time ago, as dis- 
cussed previously for low Th/U and 
Sr87/Sr86 ratios (6); therefore a chemi- 
cally heterogeneous upper mantle exists. 

A The upper mantle is an open system 
chemically; thus, the lead in basalts ex- 
truded from the upper mantle could not 

^A *have developed in a single closed sys- 
tem in contrast to the idea that conform- 
able ore lead came from an isotopically 
homogeneous mantle (10). The differ- 
entiation of the upper mantle by crystal 
differentiation, diffusion, convection, or 
other processes may have been accom- 
plished over a prolonged period, as dis- 
cussed by Patterson and Tatsumoto (9) 
and by Tatsumoto (10). For simplicity, 
the two-step model will be used for 
considering the relationship between the 
isotopic composition of lead and ,/ and 
K. 

39.0 

In Table 2, the necessary / and K are 
x x calculated to generate the observed 

x x Pb2o6/Pb2o4 and Pb2o8/Pb2o4 ratios, as- 
suming a two-step model in which the 

0 X primary l/o and Ko changed to , and K< 

U by differentiation at t billion years ago. 
The observed /, and calculated /, of the 

E\ oa /oceanic tholeiite agree if we consider 
,o08.75 / n/ that differentiation occurred about 1.0 

K o= 4.1J to 1.5 billion years ago. The Ki of a 
differentiation age of 1.0 to 1.5 billion 

A / /years for AD3 matches that of the ob- 
/ 0o=8.6 served K but does not match for PD4 

=flK 4.0 and AD5. The reason for the mismatch 
n = \ of PD4 and AD5 is not clear. It might 

o 8.6y 0be due to the partial melting of source 
K 03 3.9J /. material, to uncertainty about the age of 

the earth, or to the uncertainties of mea- 
/A lJo= 8.55 surement of the Pb208/Pb204 ratios in the 

/ ko=3.9 present data and that of primordial lead. 
Or, the mismatch may be due to other 
causes such as inappropriateness of the 

( 0 0two-step model. It is possible to reduce 
the K1 value to better agreement with 
the observed value if one uses the great- 

/+co est Pb208/Pb204 value for primordial 
lead within the uncertainties reported by 
Murthy and Patterson (20), which is 

I , 1 , 1 , I I 1.5 percent higher than their value of 
2.40 2.45 2.50 2.55 2.60 29.71. The Kl value also can be reduced 

Pb208 / Pb207 if a greater value such as 4.7 billion 

os of Pb/Pb versus Pb/Pb. The line labeled by G is a primary growth years instead of 4.55 billion years is 
tios of Pb2?'/Pb207 versus Pb2?S/Pb20%. The line labeled by G is a primary growth 

-o - 8.6 and Ko - 3.9. Leads of the oceanic tholeiites and Hawaii are close to used for the age of the earth, as sug- 
nd Kco - 3.9 of a closed system. Lead of Japan and Gough Island have higher gested by Tilton and Steiger (21) and 
's as stated in the text. The symbols are as for Fig. 3. Wasserburg et al. (22). 
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Calculation of /t for alkali suites of 
Easter and Guadalupe Islands by the 
two-step model suggests that the magma 
source region was differentiated about 
0.3 to 0.5 billion years ago from the 
source of the Pacific tholeiites; how- 
ever, the calculated Kt is much smaller 
than the observed. In this model the ob- 
served K cannot be of a magma source 
because K must have had a smaller 
value, similar to that of the tholeiite, in 
the past in order to match the observed 
Pb20s/Pb204 ratios in the alkali series. 
This relation holds true even if Ko is as 
low as 3.9. 

The Pb206/Pb204 versus observed 
U238/Pb204 (/u) and Pb2o0/Pb204 versus 
the observed Th232/Pb204 (/ * k) are 
plotted in Figs. 5 and 6, respectively. 
The significance of these plots is similar 
to that of isochron diagrams of Rb87/Sr86 
versus Sr87/Sr86 which are commonly 
used in rubidium-strontium geochronol- 
ogy studies. However, for the interpre- 
tation of the present figures, it in- 
volves an important assumption. That is, 
U238/Pb204 or Th232/Pb204 ratios should 
be the same for basalt and its source if 
ages are to be determined. 

Applying the two-step model, if the 
observed U238/Pb204 ratio is representa- 
tive for the magma source, and if these 
rocks of the magma source were differ- 
entiated from a common parent material 
whose Pb206/Pb204 ratio was Pb206/ 

Pb204)0 at the same time t years ago, 
then the present observed Pb206/Pb204)p 
is: 

Pb206\ Pb206 U238 
p?23t 

Pb204/ Pb2 0 Pb204 
(e 

1) 

which is the equation of a straight line 
where t is calculated from the slope of 
the line, tan 0. Similarly, t can be calcu- 
lated from the plots of Pb208/Pb204 ver- 
sus Th232/Pb204 diagram. 

From Fig. 5, it appears that the 
magma sources for oceanic tholeiite 
were differentiated from a parental up- 
per mantle material at about 1.2 billion 
years ago, which is in good agreement 
with the calculated model age (23). The 
agreement of the two different calcula- 
tions for an age of differentiation for 
uranium-derived lead suggests that the 
oceanic tholeiite was seemingly formed 
by nearly complete melting of the differ- 
entiated upper mantle, or that lead and 
uranium migrated together during par- 
tial melting and thorium remained be- 
hind. The latter case is preferred be- 
cause (i) no isochron age for the 
tholeiite is obtained from Fig. 6 in 
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which Pb208/Pb204 is plotted against ob- 
served Th232/Pb204, and (ii) the points 
are located lower than the line of a 
model isochron age of 1190 million 
years in which / and K are unchanged 
from a primary /jo (8.6) and Ko (3.9). 

In contrast to the tholeiites, the con- 
vergence line for the alkali suite on 
Easter Island in Fig. 5 is vertical to the 
abscissa and no age can be obtained. 
This means that: (i) If the alkali suite 
on Easter Island differentiated from 
tholeiite, the entire process, including 
the generation of the rhyolite (Ourito 
obsidian), took less than 20 million 
years (this time is within the limits of 
error of Pb206/Pb2o4 measurement), be- 
cause if the differentiation took more 
than 20 million years, the measured 
Pb2O6/Pb204 ratio should vary more than 
0.1 within the suite. (ii) There has been 

little or no contamination or assimila- 

tion of oceanic crust or other sedimen- 
tary rocks by the magmas during differ- 
entiation in this suite; if there were 
crustal contamination, the convergence 
line should be either inclined, or de- 
clined, because of additions of more 
radiogenic or less radiogenic lead. The 
former case applies to the suite on 
Guadalupe Island. The variations of 
Pb206/Pb204 ratios in the suite beyond 
the experimental error suggest thaft 
assimilation of more radiogenic lead 
or, alternatively, longer time (about 
50 million years) is involved for the 
differentiation of the alkali suite on 
Guadalupe Island. 

Engel et al. (5) discovered the pro- 
gressive changes in chemical composi- 
tion between the tholeiite and the alkali 
series of volcanic rocks on the higher 
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Fig. 5. Ratios of Pb200/Pb204 versus observed U238/Pb204. The convergence lines for the 
oceanic tholeiites and alkali suite from Easter Island show 1200 million years and 0 
million years. However, PD3 does not fit on the isochron. It may be due to the sample 
heterogeneity (6). For the significance of the isochron age, refer to (23). Tholeiite near 
or from Easter and Guadalupe Islands, if any, should be at A and B respectively, if it 
is a parent of the alkali suite. If the alkali suite of Easter Island differentiated from a 
Pacific tholeiite (PD4), the differentiation age of Easter Island lead is about 400 million 
years. The convergence lines of Hawaiian rocks (HT-H-A) and Japanese rocks 
(J-T-J-AL-J-A) show negative ages. It may suggest that the sources are different for 
alkali basalt and tholeiite. The uranium content of Gu 77 is "irregularly" low. It should 
be higher than observed value in the source region as indicated by an arrow [refer to 
(15), Figs. 1 and 6]. 
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for oceanic tholeiites and alkali suites from Easter and Guadalupe Islands. J-j 
and J-A indicate tholeiite, high-alumina basalt and alkali basalt from Japan; 1 
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lines; however, oceanic tholeiite was differentiated from 0 and evolved to Easte 
alkali suite along line c. All of the alkali basalts and their derivatives are ab 
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77 volcanos of the oceans. They concluded 
A that (i) the oceanic tholeiites are the 

only parental basaltic magma erupted 
from the mantle, and (ii) the alkali- 
rich basalts are derived from the tho- 
leiites through gravitative differentiation 
in and below the higher volcanos in the 
oceans. 

For the theory of "fractional" differ- 
entiation of alkali basalt from tholeiite, 
one of the main points of objection by 
those who consider different sources for 
tholeiite and alkali basalt has been the 
greater enrichment of alkali in alkali 
basalt compared with tholeiite if the 
parent is peridotite. Macdonald and 
Katsura (2) suggested that alkali en- 
richment can be accomplished by crys- 
tallization differentiation that is con- 
trolled by separation of pyroxene and 
also possibly by mechanisms such as 
volatile transfer (transfer of volatile 
compounds, carrying alkalies in solu- 

41 tion) and thermodiffusion. 
On the other hand, Yoder and Tilley 

(4) reported that there is a thermal bar- 
same as rier between tholeiite and alkali basalt 
iite. The for relatively high pressures, and that 
i basalts * 1 these two major basalt series may have 

evolved from a single parent at different 
depths. Additional minor variations in 
the magma may result from settling 
of crystals, oxidation or reduction, gas 
fluxing, contamination, and other pro- 
cesses. 

The concept of a barrier between 
tholeiite and alkali basalt has been 
erased by recent even higher pressure 
phase-equilibrium studies (24), and the 
main mechanism to produce alkali 

*OR-A basalt from tholeiite, if such occurs, 
could be a crystallization differentiation. 

Several aspects of the isotopic and 
concentration data in this study suggest 
that alkali basalt may be a differentiate 
of parent tholeiite: 

1 ) There is a progressive increase in 
contents of lead, uranium, and thorium 
from oceanic tholeiite to alkali basalt 
and other alkalic derivatives as would 
be expected in differentiation. 

j 2) The source of the alkali series 
4 0 must have passed through a low K stage 

similar to tholeiite as deduced from Fig. 
2 where samples from Easter and Gua- 

G-A are dalupe Islands are below the growth 
r, J-AL curves involving Pb208/Pb204 ratios and 
i-T and as calculated in Table 2 for sample 
-holeiites PV65 1. 
)f Japan 3) The mechanism of transfer of 

nr sland volatile compounds probably is a sub- 
tove line ordinate process because enrichment in 

alkali and lead is accompanied by an 
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increase in refractory elements such 
as thorium. In fact, the observed 
Th232/Pb204 in the alkali series is gen- 
erally too great to account for the ob- 
served Pb28/Pb204. 

4) If significant assimilation of 
oceanic crust were important to the for- 
mation of the alkali series, variation of 
lead isotopic composition might be ex- 
pected within the series such as was 
found for the series from the Guadalupe 
Islands. Since there was no isotopic ef- 
fect in the alkali series of Easter Island, 
assimilation of oceanic crust was prob- 
ably not important in producing that 
alkali series. 

5) It is unlikely that tholeiite could 
be a differentiate from alkali basalt be- 
cause the calculated age for differentia- 
tion of the source of tholeiite (about 
1200 million years) is greater ,than a cal- 
culated age of differentiation of a Pa- 
cific tholeiite near Easter Island from 
the alkali series of Easter Island (< 400 
million years). 

6) If the alkali series is a differen- 
tiate from tholeiite, no isotopic effect 
should be observed. Probable tholeiite 
parents for Easter and Guadalupe alkali 
series are not available for analysis. 
Oceanic tholeiites range in lead isotopic 
composition, however, and only twice 
the observed range is necessary to yield 
tholeiites with lead isotopic composition 
similar to the most radiogenic alkali 
series rocks (Guadalupe). There may 
be tholeiites whose Pb20?/Pb204 ratios 
are radiogenic (points A and B in Fig. 
5). Even though good tholeiites of the 
appropriate isotopic composition are not 
known, a tholeiite with alkali basalt 
affinities from Easter Island is similar in 
lead isotopic composition to the alkali 
series rocks from that island. If tho- 
leiites and alkali basalts are generated at 
different depths, a systematic difference 
in lead isotopic composition between the 
two rock types might be expected. Exist- 
ing data do not completely rule out this 
alternative to differentiation. 

The foregoing discussions of the 
genetic relation of tholeiite and alkali 
basalt may be limited to the oceanic 
tholeiite and the oceanic alkali basalt 
because, as discussed earlier, the source 
region of the oceanic tholeiite differen- 
tiated quite a long time ago and the 
upper mantle is not homogeneous. 
Therefore, isotopic variation is possible, 
especially in well-differentiated conti- 
nental regions, by tapping out magma 
from different zones. 

The relation between the observed (J 
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and K in basalts is shown in Fig 7. The 
values of basalt from Hawaii and Japan 
(10) and the Oregon Coast (25) are 
also shown for comparison. From the 
many lead isotope studies, the original 
material in the mantle is thought to be 

uo - 8.6 and K<0 4 (indicated by 0 in 
Fig. 7). The Japanese tholeiite and high 
alumina basalt have low observed /t's 
and K's, but Japanese alkali basalt has 
high observed /'s and K's. It has been 
stated (10) that Japanese alkali basalt 
must pass through a low / and K stage. 
The situation is similar for Easter Island 
and Guadalupe Island alkali suites, that 
is, they have high observed / and K, but 
their lead isotopic composition shows 
that they had a low K in the past. 
Therefore, the following interpretation, 
rather than splitting into two sources 
(like Japanese tholeiite and alkali 
basalt) from an original upper mantle 
material, is more likely for oceanic 
basalts. That is, starting from 0 in Fig. 
7, the p, and K in the source region of 
oceanic basalts were once low like 
oceanic tholeiite, then the ,/ and K were 
increased by further differentiation. 

The alternative mechanism of genera- 
tion of the two basalt series from differ- 
ent depths could result in a variety in 
the isotopic composition of lead in 
young basalts because of different kinds 
of partial melting under different condi- 
tions of pressure and temperature. Lab- 
oratory experiments show that lead is 
very mobile and can easily be extracted 
from the basalt by heating. Uranium also 
may be movable in magma if it makes 
a volatile compound like uranium 
halide. Thorium, however, is more re- 
fractory than lead and uranium. In the 
previous section it was found that the 
calculated .t of oceanic basalt matches 
well the observed /. (Table 2), which 
suggests that lead and uranium were 
volatilized from the bulk of the source 
material and transferred to the melted 
portion, but thorium tended to remain 
in the unmelted portion so that the 
agreement between the calculated K and 
the observed K is poor. There may be 
variety in isotopic composition of lead 
and Th/U ratio by partial melting of 
different mineral components of a single 
mantle peridotite; however, I prefer the 
heterogeneous upper mantle model be- 
cause the mantle is no longer homo-. 
geneous after one partial melting event 
(10). 

U.S. Geological Survey, 
Denver, Colorado 
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