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FFFER R OMEZE (F30) : Trace element discrimination diagrams for clastic sediments
have been re—evaluated using a large suite of comprehensive whole—rock analyses.
Active continental margin (ACM) sediments are distinct from OIA and CIA as a result
of their more felsic nature. However, ACM and silica-rich passive margin (PM)
sediments show almost complete overlap in composition.
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1. WFZEBaE Y P D 5
Major element-based tectonic setting

approaches have come under some
criticism, 1in part because of the

discrimination diagrams for sedimentary

rocks have been applied since the 1980 s.

These have attempted to identify
sediments deposited in oceanic island
arc (0IA), continental island arc (CIA),
active continental margin (ACM) and
passive margin (PM) settings. Similar
diagrams using trace elements have also
been proposed and wutilized. Both

comparatively limited datasets used to
define them originally. Moreover, the
trace element discriminants proposed are
based on data for sandstones, and hence
cannot be applied to the finer—grained
rocks that form large parts of many
sedimentary sequences

Development of

newer analytical



techniques such as ICP-MS has led to a
rapid increase in the volume of quality
data available for sedimentary
sequences.

2. WHEDOHBY

The purpose of this project was to:

(1) Re—evaluate fields on existing trace
element—based tectonic setting
discrimination diagrams using an
extended database, and to test new
combinations of alteration resistant
trace elements for effectiveness;

(2) Evaluate data for finer—grained
sediments (siltstones and mudstones) to
determine whether sorting effects
produce characteristic tectonic setting
signatures in these lithologies;

(3) Determine if rare—earth element
(REE) parameters can also be used to
determine tectonic setting.

3. MoKk

A “training” set of 450+ of published
and unpublished analyses of sandstones
and mudrocks from New Zealand Mesozoic
terranes of established tectonic setting
was assembled. These were then applied to
the existing discrimination diagrams,
and field boundaries redefined based on
the larger dataset. Several additional
combinations were also tested (e.g.
7r/Sc-La/Sc, Zr/Ti-Ce/Ti) along with
other plots commonly wused in the
literature but for which no provenance
fields had been proposed (Zr/Sc-Th/Sc;
Y/Ni-Cr/V).

The redefined fields were then tested
using data from Japanese terranes and
other data, previously classified into
specific tectonic settings on the basis
of geologic, petrographic and major
element geochemical characteristics.

The test data used were from the Shimanto
terrane (ACM) and associated fore-arc
basin deposits of the Tanabe Group,

Idonnappu-Yezo (CIA-ACM) Nemuro Group
(0IA), Oshima Belt (ACM), plus the Kanmon
Group (PM rift) and correlative
sediments in the Gyeongsang belt of Korea,
the Sylhet basin in Bangladesh, and other
published work.

4. WA
(1) Ternary Th-Sc—Zr/10 and La-Th-Sc

plots (Bhatia & Crook, 1986) for the
training set (Fig. 1) show that on both
plots the field for OIA could be extended
toward the Sc apex; however, overlap
between the OIA and CIA data is extensive.
Data for the ACM and PM training sets
overlap the field originally defined for
CIA, and also overlap each other, even
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La-Sc-Zr/10 diagrams. Consequently, no
distinction can be made between ACM and
PM using these plots.

Fig. 1: La-Th=Sc and Th-Sc-7r/10 ternary
diagrams for the training sets. Original
field boundaries of Bhatia & Crook on the
La-Th-Sc¢  plot;  possible  revised
boundaries on the Th-Sc—/r/10 plot,
which also fails to discriminate between
ACH and PU.

(2) Plots based on immobile element



ratios such as the examples listed above
show the same patterns. The most mafic
OIA (Al) sediments plot in unique fields,
but more evolved samples overlap
extensively with CIA (A2) sandstones and
mudstones, as shown in the example for
7Zr/Sc-Th/Sc  (Fig. 2). There 1is no
consistent sorting fractionation of
ratios between sandstones and mudstones.
Although separate from OIA and CIA, ACM
and PM data overlap almost completely,
but show marked sorting fractionation on
almost all combinations of variables
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Fig. 2. 7Th/Sc~/r/Sc plot for the

training set, and broad overlapping
fields for the four tectonic settings.
Only the most mafic OIA samples plot In
unique positions, and ACM-PM overlap Is
complete.

(3) REE variables show similar features,
with low La/Sc, Lay/Yby and Lay/Smy ratios
and smaller Eu/Eu* generally increasing
from OIA to CIA, but with major overlap.
As shown by a La/Sc-Ti/Zr plot (Fig. 3),
ACM and PM data distributions are
indistinguishable. These latter
categories cannot be distinguished using
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Fig. 3. La/Sc-Ti/Zr plot for the
training set

(4) Results for the Japanese terrane
test data reinforce the patterns seen
above. Demonstrably  ACM  Shimanto
sediments and recycled sediments in the
Tanabe Group forearc deposits have
immobile element ratios almost identical
to more mature ACM sediments in the
Oshima Belt (Fig. 4), and passive margin
basin deposits of the Sylhet basin in
Bangladesh. Idonnappu—-Yezo  CIA-ACM
sediments do have lower immobile element
ratios in keeping with an intermediate
source, but supposedly PM-rift sediments
from the Kanmon and Gyeongsang Groups
have similar signatures due to the
presence of a cryptic mafic component
and hence would be misclassified. OIA
sediments from the Nemuro Group spread
across both OIA and CIA fields due to
stratigraphic shift frommafic to felsic
volcanism.
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Fig. 4. Th/Sc~Zr/Sc plot for Shimanto
and Oshima terrane sandstones and
mudstones, 7llustrating the
compositional overlap in these
contrasting terranes. Fields A2, AZ, ACH,
P from Fig. 2.

(5) Overlap between OIA and CIA and lack
of fractionation between sandstones and
mudrocks indicates that in these
categories the bulk composition 1is
controlled by the proportion of
individual lithic clasts, and hence the
nature of volcanism in the source
(provenance) is more significant that
tectonic setting per se. Inevitably,
compositions of these categories must
overlap, and only the most mafic OIA
sediments may give reliable signatures

The total overlap between ACM and PM
reflects “end state” conditions where
both groups are derived from highly
evolved felsic rocks.

Their trace element abundances are thus
mainly determined by resistant heavy
mineral contents and the proportion of
clay present. The immobile nature of the
elements used (Th, Sc, Zr, Sc, Hf, REE)
means that the effects of weathering and
recycling that mark PM sediments and
influence their modal and major element
are minimized. Consequently, the ratios
between immobile element pairs remain
unchanged, and the ACM and PM categories
cannot be distinguished using trace
element parameters.

Residence of the incompatible elements
Th , 7r, Hf, and REE in
abrasion—resistant heavy minerals such
as zircon and monazite is the driver for
possible identification of recycling,

and (by inference) passive margin
deposition, wusing higher values of
ratios such as Zr/Sc and Ce/Sc as

fingerprints. However, samples from ACM
and evolved CIA such as the Shimanto,
Tanabe and Idonnappu suites can exhibit
high ratios, even in environment that

were clearly accretionary and subductive.
The bulk geochemical fingerprints of
heavy mineral concentration are
therefore not unique to passive margin
deposition.

(6) Although the OIA-CIA and ACM-PM
groups can be distinguished using trace
elements, separation within these two is
difficult. The OIA-CIA overlap and
similarity of ACM and PM reflects the use
of immobile elements, the abundances of
which ultimately reflect the average
source composition rather than the
tectonic setting of deposition as such.
Evaluation of tectonic setting using
trace element abundances must therefore
be made in conjunction with other methods
and evidence, and not in isolation. Such
evaluation should be made in combination
with geologic, tectonic,
geochronological and petrographic
information, and other geochemical data
including major element analyses and
isotopes.
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