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Introduction: One of the principal characteristics 
of impact events is the formation and emplacement of 
ejecta deposits. The compositional and physical cha-
racteristics of ejecta provide fundamental information 
about the shocked nature of target rocks and thus can 
provide one of the best and most accessible pieces of 
evidence for an impact origin of a structure [1] and 
provide a unique way to sample the sub-surface [2]. 
Impact ejecta is defined here as any target material, 
regardless of its physical state, that is transported 
beyond the rim of the transient cavity [2]. The original 
transient cavity reaches its maximum size during the 
excavation stage of crater formation, before rim col-
lapse begins in the modification stage [3]. In complex 
craters, during the modification stage, rocks around the 
periphery of the bowl-shaped transient crater collapse 
downward and inward to form a series of terraces 
along the outer margin of the crater structure [1]. Most 
of the ejected material is deposited near the initial tran-
sient crater rim and can thus be found within the ter-
raced region and beyond. Impact ejecta deposits, typi-
cally poorly preserved on Earth due to post-impact 
erosional processes, were recently identified in the rim 
region of the Mistastin Lake impact structure and are 
the focus of this study. 

Mistastin Lake Impact Structure: This impact 
structure, located in northern Labrador, Canada 
(55°53’N; 63°18’W), represents an intermediate-size, 
complex crater (28 km diameter) formed by a meteor-
ite impact ~36 million years ago. The original crater 
has been differentially eroded; however, a subdued rim 
and distinct central uplift are still observed [4]. The 
inner portion of the Mistastin Lake impact structure is 
covered by the Mistastin Lake and the surrounding 
area is locally covered by soil/glacial deposits and ve-
getation. The topography directly surrounding the lake 
is slightly elevated in plateaus extending up to 5 km 
away from the shoreline.  

The crystalline target rocks of the Mistastin Lake 
region are dominated by granodiorite, mangerite, and 
anorthosite. Locally, allochthonous impactite units 
including impact melt and breccias are unevenly dis-
tributed around the lake and on Horseshoe Island (Fig. 
1). Previous studies of the Mistastin Lake impactites 
have primarily focussed on the melt rocks (e.g., [4], 
[5]). This project builds on these studies and further 
evaluates the suite of impactite rocks in terms of their 
context within the crater structure and origin of their 
components. 

 

 
Fig. 1: Geology map (modified from [4], [5], and [6]). 

 
Field Work: An initial 10-day reconnaissance in-

vestigation of the Mistastin Lake impact structure was 
carried out in Sept. 2009 and a follow-up two week 
long investigation was conducted in Sept. 2010.  

In the region between the Mistastin lakeshore and 
the surrounding apparent crater rim, impactite units 
overlaying the target rocks are best exposed along the 
lake shoreline, steep banks of creeks, and within a 
large butte with spectacular exposure of impact melt 
rocks (Discovery Hill). Five key sites which provided 
cross sectional views of the impactite stratigraphy in-
clude (Table 1): Coté Creek, Piccadilly Creek, Steep 
Creek, South Creek, and Discovery Hill (Fig. 1). 

 
Table 1: List of impactite units at each study site. 

Locality Exposed impactite units (bottom to top) 
Coté Creek o Monomict mangeritic breccias  

o Monomict anorthositic breccias  
o Polymict lithic breccias 
o Impact glass-bearing, polymict, lithic 

breccias  
o Clast-rich to clast-poor melt 

Piccadilly 
Creek 
 

o Monomict anorthosite breccias  
o Polymict lithic breccias 
o Impact glass-bearing, polymict, lithic 

breccias 
o Clast poor melt 

Steep 
Creek  
 

o Monomict mangeritic breccias  
o Impact glass-bearing, polymict, lithic 

breccia dyke 
South 
Creek 

o Polymict lithic breccias  
o Monomict anorthositic breccias  

Discovery 
Hill 
 

o Impact glass-bearing, polymict, lithic 
breccia lens  

o Clast-rich to clast-poor melt 
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Stratigraphy and Field Relations: Exposed im-
pactite units surrounding the Mistastin lake include: 
autochthonous to parachthonous lithic (monomict) 
breccias, allochthonous lithic (polymict) breccias, and 
allochthonous impact melt (e.g., Fig. 2).  

 

 
Figure 2: Impactites exposed at Coté Creek, Mistastin 
Lake impact structure. 

 
Figure 3 provides a summary of the general strati-

graphy for the impactite units between the Mistastin 
shoreline and the outer apparent crater rim. 
 

 
Figure 3: Stratigraphy within area between the shore-
line and outer apparent rim. 
 
Of particular interest is the relationship between the 
polymict breccias and overlying melt.  

Polymict impact glass bearing breccias: This unit 
is characterized by a fragmental matrix of sub-rounded 
to angular clasts, with larger pieces of melt and melt-
mantled fragments. The rock fragments are primarily 
anorthosite and range in shock levels from low, cha-
racterized by fractured grains, to high (>35 GPa), indi-
cated by diaplectic glass. A dyke of polymict breccia 
with elongated glass clasts and a chilled margin was 
observed along Steep Creek.  

Overlying melt: The contact between the thin melt 
units overlying the polymict breccias unit is typically 
sharp. Locally, a chilled, ropey texture is observed 
along the contact. 

 

Interpretation: The Mistastin Lake is interpreted 
as the outer edge of the collapsed transient crater of the 
Mistastin Lake impact structure and the plateaus ex-
tending up to 5 km away from the edge of the water 
are interpreted as terraces formed by collapse during 
the modification stage. Impact melt and breccia depos-
its in this region are interpreted as proximal ejecta de-
posits. Evidence supporting this interpretation include: 
 The target rocks near the edge of the Mistastin lake 

were subjected to relatively low shock pressures, as 
is typical for transient crater rims.  

 Faults planes dipping towards the lake were ob-
served along most creek banks. 

 Impact melt units observed along creek banks sur-
rounding the lake are thin (~5-20 m thick) and may 
represent close to original thickness with minimal 
erosion [7]. Thin units of melt would be expected 
outside the transient crater and a thicker melt sheet 
would be expected as part of the crater fill [1].   

The layers of proximal ejecta deposits (e.g., impact 
breccias and impact melt) in the terraced rim region 
exhibit evidence of flow, for example:  
 A dyke of polymict breccia with elongated glass 

clasts and a chilled margin suggest that locally this 
unit moved laterally as a hot lithic flow and then in-
truded as a passive fracture fill into target rocks;  

 Chilled, ropey textures observed along the contact 
between melt and polymict breccias, suggest that 
the melt flowed over a much cooler surface. 

The sharp contact between these units suggests that 
there is a time gap between their depositions. 

Discussion: The presence of impact melt rocks 
overlying the impact melt-bearing breccias is not con-
sistent with an airborne mode of origin for either im-
pact type but, rather, a flow origin as proposed for 
suevites from the Ries impact structure [8]. Together, 
these observations are consistent with a multi-stage 
impact ejecta emplacement process [2].  
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