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Introduction: Impact cratering is one of the most
common geological processes in our Solar System and
can be studied in order to understand the geological
history of Earth and other planetary bodies. Impact
cratering is a process that is still not fully understood,
particularly with respect to how the uplift of underlying
rocks occurs in the centre of large complex impact
structures. This research aims to investigate central
uplifts; specifically impact melt veins and dykes found
within uplifted target rocks, in order to better under-
stand their formation processes. It has been hypothe-
sized by other researchers that impact-generated melt
may play a major role in the weakening of rocks which
make up the crater floor and allow for the central uplift
process to occur [1-3]. Impact melt is thought to lubri-
cate faults making blocks more susceptible to dis-
placement, but whether this melt is a product of the
initial shock or due to frictional melting caused by
wide scale movement between large rock units is un-
known. This research focuses on the investigation of
impact melt observed as vein structures within the cen-
tral uplift of large complex impact structures using
petrography and geochemistry in order to determine the
process by which they formed. This will result in a
better understanding of the role of melt on central up-
lift formation on Earth and other planetary bodies.

Figure 1. Satellite image of the West Clearwater Lake
impact structure (left with ring of islands).

Study Site: The ~290 Ma West Clearwater Lake
impact structure (WCIS) [4] is located in northern
Quebec at 56°08'N 74°18'W ~125 km east of Hudson
Bay (Fig. 1). The impact occurred into coarse-grained
plutonic target rocks of the Superior Province which
had granodiorite, quartz monzonite and amphibolite

lithologies. This structure is ~30 km in diameter and
has a series of central islands (Figure 1).

Methods and Samples: Fieldwork was conducted
in August and September 2014 as part of a Canadian-
US-UK expedition (see [5] for an overview of this ex-
pedition and other ongoing studies). Approximately
300 samples were collected. This study focused on the
analysis of three WCIS samples from the central is-
lands in West Clearwater Lake where melt veins were
observed (Fig. 2). In this study we have used optical
microscopy and electron dispersive spectroscopy
(EDS) techniques to analyze mineral structure, petrog-
raphy, and chemical composition.

-»‘-' A 5

Figure 2. ~2cm thick red impact melt vein in basement
rock on the central islands.

Results:

WCIS-14-AR-016. WCIS-14-AR-016 is a red melt
vein in country rock retrieved from a basement outcrop
located on the central islands. The host rock is feld-
spathic with shock induced deformation twinning evi-
dent in the plagioclase grains. The host rock also has
grains of diopside, anorthoclase, magnetite, apatite,
biotite, ilmenite and hematite. The iron oxides appear
to increase in frequency as the vein is approached. The
vein was shown using EDS to consist of hematite, il-
menite, and plagioclase and includes plagioclase clasts
(Fig. 3) which similarly to the host rock plagioclase
show undulatory extinction. Pieces of the plagioclase
wall are seen to be breaking off and are being incorpo-
rated into the melt (Fig. 4).
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Figure 3. A plagioclase clast within the melt vein of
WCIS-14-AR-016 with evident flow textures in plane
polarized light.
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Figure 4. The wall (light) and melt vein (dark) of
WCIS-14-AR-016 in plane polarized light, showing
pieces of the wall (plagioclase) being incorporated into
the melt vein.
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WCIS-14-RW-011. This sample exhibits a red melt
vein contact with a large diorite clast. Mineral abun-
dances of both plagioclase and amphibole in the base-
ment clast are approximately 50%; the amphibole is
titanium bearing and is possibly kaersutite, as identi-
fied by EDS. The melt is identified using EDS as anor-
thoclase with enstatite grains.

WCIS-14-RW-013. The red melt vein in this sample
is coating granitic basement clasts. The mineralogical
composition of the basement clast is predominately
orthoclase and quartz whereas the melt has small grains
of iron oxides including ilmenite and hematite in addi-
tion to anorthoclase, orthoclase and quarts inclusions.
This melt is predominantly gray in colour but has some
linear features, which are red (Figure 5). The EDS data
retrieved from these red areas showed an increased
wt% of iron when compared to the gray coloured areas
of the melt; however, this was not observed in every
comparison. The quartz inclusions, which are incorpo-
rated into the matrix, exhibit a rim of pyroxene, likely
diopside as identified with EDS.

1397.pdf

Figure 5. WCIS-14-RW-013 in plane polarized light
showing colour differential within melt vein, note the
red worm like pattern.

Discussion: Both WCIS-14-RW-011 and WCIS-
14-RW-013 have melt veins that comprise a different
mineralogy to that of the host rock and specific miner-
als in the melt vein that are not seen in the host rock.
Chemical data is needed to confirm but these melt
veins could, therefore, represent intruded shock melt.
WCIS-14-AR-016 is the only sample that shows evi-
dence of the wall being incorporated into the melt vein,
which was seen through flow textures in optical analy-
sis and the chemical compositions of the clasts. This
sample was also the only occurrence when all the iden-
tified mineralogical compositions of the basement are
evident in the melt vein through EDS analysis. Not
only were the plagioclase clasts included in the vein the
same composition of the host rock but they also exhibit
the undulatory extinction and shock deformation twin-
ning seen in the plagioclase that comprise the host
rock. Of the three samples analyzed WCIS-14-AR-016
appears to be the most likely candidate for in situ melt;
however, further chemical data must be acquired be-
fore concluding formation through frictional melting.

Future work will investigate the origin of these im-
pact melt veins and the role, if any, that they could
have played in the formation of the central uplift at the
West Clearwater Lake impact structure. The distribu-
tion of these veins in 3D will also be investigated
through the continued analysis of field samples and
through the study of drill cores taken in the 1960s.
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