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Geochemistry of Graywackes 
and Shales 

Abstract. Sixty-nine graywackes and 33 
shales were analyzed spectrographically 
for 14 minor elements to illustrate the 
variation of composition within a gray-
wacke bed, between beds in one section, 
between sections, and between formations. 
Analyses of several fractions of a gray-
wacke indicate what each contributes 
chemically to the rock. 

Some interesting features regarding 
the geochemistry of graywackes and 
shales are shown by 28 Normanskill-
formation graywackes, 24 Quebec-
group graywackes, 17 miscellaneous 
graywackes, and 33 shales analyzed 
spectrochemically for boron, barium, 
cobalt, copper, chromium, gallium, 
magnesium, manganese, nickel, scan­
dium, strontium, titanium, vanadium, 
and zirconium (1) (see Table 1) . 

Turbidite graywackes result from 
deposition by turbidity flows which 
form when oversteepening of the con­
tinental shelf results in large-scale 
slumping of shelf or deltaic sediments. 
It might be expected that as these flows 
sweep down the gentle continental 
slope, the largest and heaviest mineral 
grains, which are often those showing 
relatively high concentrations of minor 
and trace elements, would be dropped 
first, and that the finer clay particles 
would be the last to settle. Therefore, 
a considerable difference in composition 

between the bottom and the top of a 
bed might be expected. 

The analyses show no statistically 
valid difference in composition between 
the top and bottom of a graywacke bed 
except for zirconium, which is always 
found in relatively high concentrations 
at the base. Such homogeneity results 
from the counterbalancing effect of ele­
ments contained in both the heavy 
mineral fraction and in the clay matrix. 
For example, the amount of boron 
present in a few grains of tourmaline 
at the base of a bed is counterbalanced 
by the smaller amount present in a 
large amount of clay near the top. Less 
zirconium is found in the clay matrix 
than in the heavy mineral fraction be­
cause of the absence of naturally oc­
curring soluble zirconium compounds; 
thus, for zirconium, there is no coun­
terbalancing effect. 

There is little variation in average 
composition between graywacke for­
mations, an indication that graywacke 
sediments are, in general, similar. Gray­
wacke sediments are mechanical mix­
tures of most of the common rock 
types, derived from large areas of the 
continent and distributed to the ocean 
by the larger rivers. 

Between stratigraphic sections in one 
formation and between beds in one 
section there are great differences 
which reflect the position of the section 
with respect to the shelf area and the 
position of the bed with respect to the 
source, since turbidity currents are 
inhomogeneous both laterally and verti­
cally. The composition of a bed as a 
whole may change without any accom­
panying change in the compositional 
differences between the top and bottom, 
except for zirconium. 

Normanskill graywackes contain 
seven major constituents—quartz, feld­
spar, clay matrix, carbonate cement, 
heavy minerals, clay rock fragments, 
and carbonate rock fragments. By 

separating several fractions and analyz­
ing them separately, the contribution of 
each fraction to the rock can be ob­
tained. Feldspars add a considerable 
amount of barium but very little 
strontium. Carbonate cement contrib­
utes magnesium, manganese, strontium, 
and barium, the strontium arising from 
the redistribution of aragonite and 
radiolarian skeletal material by perco­
lating intrastratal fluids. Heavy minerals 
are very rich in zirconium (over 10,000 
parts per million) and contain much 
barium, cobalt, chromium, copper, 
nickel, scandium, titanium, vanadium, 
and silver but no detectable gold. The 
clay matrix adds considerable amounts of 
hydrolyzate elements such as boron, 
barium, cobalt, chromium, copper, 
gallium, nickel, titanium, and vanadium, 
but the levels of zirconium, manganese, 
magnesium, and strontium are very low. 

A correlation of mineral composition, 
determined by detailed point-counting 
of thin sections, and chemical composi­
tion was attempted, but only gross cor­
relations are visible—for example, 
graywackes rich in clay matrix tend to 
be richer in boron. The interplay of 
analytical and point-counting errors and 
the small range of mineral composition 
of the graywackes tend to obscure de­
tailed correlations. 

The effect of provenance is shown 
by the Normanskill formation (island-
arc-derived) and the Quebec group 
(shield-derived) graywackes. Turbidites 
originating from the relatively more 
basic island arc environment show 
higher concentrations of the elements 
which are usually found in relatively 
high concentrations in basic rocks, 
while shield-derived graywackes are 
richer in elements such as zirconium, 
which are associated with acidic rocks. 

No striking difference between the 
composition of graywackes and the 
average crustal rock is evident. 

If each pair of elements is statisti­
cally treated to show the degree of cor­
relation or interdependency of the con­
centration between the two, a great 
number of correlations are evident even 
at the 1-percent level of significance. 
This is largely the result of the presence 
of seven major constituents which form 
these graywackes. For example, gray­
wackes rich in manganese tend to show 
high concentrations of strontium also, 
thus reflecting the quantity of cement­
ing material in which these two ele­
ments are contained. 

Analyses of 33 shales from forma­
tions of Ordovician, Devonian, and Cre­
taceous age show an increase in the 
boron content toward the present, sug­
gesting that boron was added to the 
oceans by volcanism rather than by 
the condensation of volatile boron tri­
chloride from a protoatmosphere. 

Table 1. Results of spectrograph^ analysis of samples of graywackes and shales for 14 elements. 
All concentrations are given in parts per million except those for magnesium, which are given in 
percentages. 

Sample 
Concentration 

B Ba Co Cr Cu Ga Mg Mn Ni Sc Sr Ti V Zr 

Quebec-group 70 220 15 88 9 10 .82 540 27 5 110 8500 43 810 
graywackes 

Normanskill 35 380 22 140 33 14 1.2 600 43 8 260 5100 67 400 
graywackes 

Kiskatom 120 530 28 250 6 1.9 850 77 11 120 11000 88 440 
graywackes 

Rennselaer 32 750 14 130 14 9 1.5 750 25 8 190 6300 48 460 
graywackes 

Miscellaneous 42 430 20 120 5 9 3.2 470 39 8 150 4500 52 260 
graywackes (N = 9) 

Normanskill shale 130 360 32 87 37 20 2.4 400 58 15 150 7000 79 230 
Miscellaneous 220 520 22 110 58 13 1.6 180 64 12 150 6000 150 340 

shales (N = 33) 
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Pelagic shales show striking differ- 
cnces from shales associated with gray- 
wackes in that the slowly accunlulating 
pelagic shales are  thinner-bedded, more 
fissile when compacted, and flaky when 
weathering. In addition, they tend to be 
richer in boron, barium, chromium, 
copper, nickel and vanadium, elements 
typical of hydrolyzate environments. 
These elements are rcmovcd from the 
sea in greater quantities because of  the 
slower deposition of pelagic shales, 
which show a n1~1ch lower content of  
magnesi~im, manganese, and cobalt than 
shales associated with graywackes. T h e  
latter are thicker-bedded, slabby, and 
more compact, and thcy contain less 
organic material. The  differences are 
a result, largely, of the rate of deposi- 
tion; shales associated with graywackes 
represent the tail of a turbidity flow. 

Ciraywackes arc intermediate in conl- 
position between shales on the one hand 
and sandstones on the other. 

JON N. WEBER 
McMn.rter University, 
Hnn~il ton,  Ontario, Canada 

Note 

1. The samples were collected by G. V. Midtlle- 
ton, who :rlso determined tlie mineral com- 
position by point-counting. 
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Autonomy of Cytoplasmic 
Male Sterility in 
Grafted Scions of Tobacco 

Ahsrracf. Negative results werc obtaincd 
in experiments designed to detect graft 
transmission to progeny of cytoplas~nic 
male sterility in tobacco, contrary to posi- 
tive results reported by Franhel in pet~~nia.  
Attempts to show graft transmission of male 
fertility also failed. Evidently transmission 
of cytoplasmic male sterility through a graft 
union with a fertilc individual is not an 
casily repeatable or else is not a gencral 
phenomenon in plants. 

Frankel ( 1 ) has reported graft- 
induced transnlission to progeny of 
cytoplasn~ic male sterility in certain cul- 
tures of pctunia. B c c n ~ ~ s c  of the con- 
siderable theoretical and practical interest 
attaching to such a denlonstration, we 
have attempted to repeat the work by 
~1sing culti~res of cytoplasn>ic Inale 
sterile tobacco. Although these results 
are entirely negative, a piiblished note 
scems desirable to  indicate that graft 
transmission of cytoplasmic determina- 
tion of male sterility is not a general 
o r  easily repeatable phenomenon in 
plants. The grafting experience of other 
workers (2 )  with cytoplasmic rmale 
sterility in petunias has also failed to 
denlonstrate graft-induction or  graft 
transmission of sterility. 

The male sterile tobacco material 

Table  1. Progeny obtaincd from grafted and  control parents possessing cytoplasmic malc sterility 
o r  fertility in Nicotiotm tnbncutn. 

Parents Progeny 
Culture Family -- 

Mating* Pedigree Fertile Sterile 
. . . - - -. . - - .- -~ .- 

1 5685 U.S. X U.F. 55322-1 X 55 Kup. 0 20 
2 5768 U.S. X U.F. 5685-22 X 569-9 0 16 
3 5842 U.S. X U.F. 5768-3 X 577-2 0 19 
4 S5863 S / F  X U.F. 5768-3 X 577-1 0 5 5 

577-2 
5 S5859 U.F.  Self 5710-3 Self 59  0 
6 S5860 F / F  Self 5710-4 Self 5 7  0 

577-4 
7 S5858 F / S  Self 5710-2 Self 48 0 -- 

5768-1 
8 S5861 F / S  X U.F. 5710-2 X 5710-3 5 1 0 -- 

5768-1 
9 S5862 U.F.  X F / S  5710-3 X 5710-2 54 0 - .- 

5768-1 
- -  -. 

:': F, male fertile; S, malc sterile; U.F., unprnfted fertile; U.S., ungr:lfted sterile. Graft type is shown 
as scion/stock. The scion was always used as parent. 

used in these experiments was derived by 
pedigree culture from a type selected by 
Clayton (3) after an interspecific cross 
between Nicotiann ~lehneyi  as female 
and N .  tnbncurli. Si~bsequent backcrosses 
to tobacco reinstated the tobacco 
genome. The  male sterility and split- 
blossom characters were consistently 
maintained in recurrent backcrosses, 
and therefore, by inference, are associ- 
ated with an au tonon~ous  cytoplasmic 
system, presumably contributed by N .  
clehneyi. The  behavior shown in re- 
peated crosscs is illustrated in Table I 
by cul t~ires  1 ,  2, and 3. Thc recurrent 
fertile parent was an inbred line of 
Connecticut broadleaf cigar tobacco. 
The  male-sterile fanlily represented by 
culture 3 was the product of the 14th 
backcross to  tobacco following the 
original cross with N. dehneyi. 

Four fanlilies of plants were em- 
ployed in the reciprocal grafting experi- 
ments in 1957. These included a male- 
sterile and a male-fertile broadlcaf 
tobacco (families 5768 and 577) ,  and 
a male-sterile and a male-fertile Havana 
seed tobacco (families 5767 and 5710).  
The  ten whip grafts rnade in the field 
during the week of 17 A L I ~ .  1957 com- 
prised three sterile on fcrtile, three fer- 
tile on  sterile, two fertile on fertile, and 
two sterile on  sterile. These grafts were 
readily established, and the material was 
transplanted to the grecnhoi~se in Sep- 
tember along with two ungrafted fertiles 
and two ~ingraftcd stcriles. 

Self-pollinations and intercrosses of a 
large number of types are possible if 
these five sterile and five fcrtile scions, 
five sterile and five fcrtile stocks, and 
the four ungrafted fertile and sterile 
controls are  employed as parents. Fifty- 
thrce o f  the more significant of these 
pollination types were made during the 
period from Septcnlbcr 1957 to Feb- 
ruary 1958, and seed was successfully 
harvested. 

The sterile scions remained sterile and 
the fertile scions remained fertile in 
phenotype, irrespective of the stock type 
to which thcy were grafted, throughout 
the period of' more than 6 months dur- 
ing which they were observed. This 
autonomy of scion phenotype is in 
agreement with the observations of 
Frankel on petunia grafts ( I ) .  How- 
ever, Frankcl's tests were interpreted to 
indicate that the "grafting induced 
changes in the fcrtile scion that resulted 
in the appearance of cytoplasmic sterility 
in its progeny." 

The  progeny results for our  tobacco 
material are shown in Table 1 for seven 
critical pollinations grown as seven 
families (cultures 3 to 9 )  in the sum- 
mer of 1958. Seed from the additional 
pollinations is still available, but loses 
much of its interest in the absence of a 
positive transmission effect. Cul t~ i re  4, 
in comparison with 3, shows that male 
fertility is not transmitted from stock 
through scion to progeny. Culture 6 
indicates that the grafting process itself 
has not induced detected male sterility. 
Cultures 7, 8, and 9, in con~parison 
with cultures 5 and 6, give no indication 
of any influence of the cytoplasmic male 
sterile stock on the progeny obtained 
from the fertile scion. Rather, these 
data concilr in the indication of 
autonomous control of cytoplasmic male 
sterility o r  fertility in these grafted 
scions of tobacco. 

SEAWARD A.  SAND 
Genetics Dc~part/nent, 
Corinectic~rt Agric~iltural 
Bxper.i~?~erlt Station, 
N e w  Haven. Connec t i c~~ t  
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