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THE SLATE ISLANDS IMPACT STRUCTURE: STRUCTURAL INTERPRETATION AND AGE 
CONSTRAINTS; Virgil L. Sharpton and Burkhard 0. Dressler, Lunar and Planetary Institute, 3600 Bay Area 
Blvd., Houston, TX 77058 

The -7-km-wide Slate Islands group, located in northern Lake Superior -10 km south of Terrace Bay, Ontario, 
represents the heavily eroded central portion of a complex impact crater. Bathymetric data suggest an original crater 
diameter of -32 km. Macroscopic and microscopic shock metamorphic features [I-31 are common expressions 
within the Archean-to-Proterozoic igneous, metamorphic, and sedimentary target complex. Field studies conducted 
over the last two years reveal that the islands preserve not only the uplifted basement of the central structure, as 
previously recognized, but also allogenic breccia deposits of the original peripheral trough. Allogenic breccias are 
particularly prevalent along the eastern and northern island exposures. Heterogeneous melt bodies are located within 
heavily brecciated units of the central uplift. The intensely deformed structural trough and rim zone are evident on 
the N-S GLIMPCE reflection seismic line traversing the crater -7 km to the west of the crater center. Currently 
available age constraints are weak but the apparent lack of post-Jacobsville clasts in the preserved breccia units 
suggests a Late Proterozoic-Early Paleozoic (800-500 Ma) age. Isotopic analyses of melt rocks, essential for 
refining the production age of this impact crater are currently underway. 

Structural Interpretation. Previously the whole island group (Fig. 1) was interpreted as uplifted and deformed 
parautochthonous basement 0.5-1.5 km 
beneath the crater's central peak [1,2]. 
However, recent discoveries of 
preserved allogenic breccias along the 
eastern side of Patterson Island, as well 
as on Mortimer, Dupuis, and Delaute 
Islands indicate that erosion did not fully 
remove the crater fill deposits and that 
the central uplift could be restricted to 
the western part Patterson Island with 
the crater center located immediately 
south of Lawrence Bay (+, Fig. 1). The 
northern and eastern portions of the 
island group represent outliers of 
shattered basement (typically in the form 
of massive monomict breccias) partially 
mantled by overlying crater fill deposits. 
We believe this sequence represents the 
eroded inner flank of the annular trough 
and the subjacent weakly shocked to 
unshocked basement. This interpretation 
is consistent with the pattern of shock 
deformation recorded in quartz-bearing 
samples and the arcuate patterns 
expressed in topography and breccia 
dike orientations. 

Seismic reflection data from a N-S-trending GLIMPCE line, located -7 km west of center (Fig. 2), show a -6- 
km-wide zone, centered on shot point (SP) 3760 and extending to depths of -1.5 s, characterized by only a few weak 
coherent reflectors. This incoherent zone adjoins the thick, conspicuously layered Keweenawan sequence extending 
to the south. Seismic incoherency is characteristic of the central part of complex craters; and the outer limit of 
incoherency may delimit the transient crater boundary [e.g., 21. If such a relationship applies here, the transient 
crater boundary (TCB, Fig. 1) would be 8-9 km in radius. This places the Leadman Islands at or very near the edge 
of the transient crater. Shatter cones (formation at -2GPa) have been reported [3] on Leadman Islands but we 
observe no planar deformation features in quartz (>6 GPa) from there. No intense deformation is evident in the 
profile beyond radial distances of -10 km from crater center. However, modest offsets in strata which flank the 
central zone (e.g., near SP3675) indicate shallow extension and collapse characteristic of the terracing associated 
with the crater flanks and rim zone. Inward-facing normal faults are evident in the Keweenawan section above 1 s 
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Fig. 1. Slate Islands Impact Structure, Lake Superior, -10 km south of Tenace Bay 
Ontario. Previous estimates of crater center are shown by 8. Shatter-coned outcrops are 
shown by a; >lo-m-long shatter cone located at +. Text explains other symbols. 
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southward to -16 km from the crater center (SP 3645), corresponding to the estimated rim location based 
bathymetry . 
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I Fig. 2. Northern part of GLIMPCE Line A shown in part in fig. 1 .  Line is about 7 km west of the center of the Slate Islands structure. C is I 
the radial projection of the center of the central uplift (+, Fig. 1).  Vertical axis is seconds of two-way-time; horizontal axis shows shot points 
(SP) with annotations every 50 SP equivalent to 3 km along track. Seismic data courtesy of B. Milkereit (Geol. Sum. Canada). 

Age Constraints. Table 1 summarizes available constraints on the age of the impact. The Jacobsville 
sandstone appears to be the youngest target unit observed in the heterolithic breccias or otherwise deformed by the 
impact event. Geological studies indicate that Ordovician through Devonian carbonate units were deposited in the 
vicinity [6]; absence of such clasts in the breccias suggests that these are post-impact units now removed by Recent 
glaciation. Based on these arguments, the formation age of the Slate Islands impact crater would be between 500 
and 800 Ma old (see Table below). We have tentatively identified two fragment-rich igneous rocks as impact melts. 
Geochronological investigations on these possible melt samples and on Type A pseudotachylite veins [3] are 
presently under way. 

TABLE 1 
Observation I Age Constraint I Comment I Reference 

Brecciated Keweenawan rocks 4 . 1  Ga [5]?. this work .................................................................... - ............................................................................................................ ".. ............................................................. 
Brecciated Lamprophyre Crystallization ages 

K-Ar (antigorite) < 3 10 Ma K-Ar superseded by more recent K-Ar: [5] 
U-Pb (perovskite) < 1.1 Ga U-Pb results U-Pb: L. Heaman, U .  Alberta .................................................................... ............................................................................................................ - ................................................................... 

Brecciated Jacobsville Formation 4 0 0  Ma This work 
sandstone ..................................................................... ............................................................................................................ ..................................................................... 
Apparent absence of >500 Ma Michigan and Hudson Bay This work 
Phanerozoic rock fragments in Lowlands basins were almost 
breccias. certainly connected during the 

Ordovician to Devonian [6 ]  .................................................................... - .......................................................................................... ................. - ................................................................... 
Preservation state similar to 357 <350 Ma Unreliable. Erosion is highly [71 
Ma Charlevoix structure variable; present state is strongly 

affected by Recent glaciation .................................................................... - ......................................................... ............................................... - ................................................................... 
Crystallization Age of Melt ? ? If datable, should provide most This work 
Rocks and Pseudotachylites reliable and precise constraint. 
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