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Introduction: Impact melt sheets generated by the 

hypervelocity collision of comets or asteroids with 
planetary bodies are widely held to be superheated at 
the time of formation [e.g., 1].  However, little direct 
evidence of ultrahigh-temperature effects in either melt 
sheets or footwalls has been documented. This is be-
cause minerals tend to record the lowest PT conditions 
under which they equilibrated. Impure carbonates ex-
posed directly beneath the impact melt sheet at Mani-
couagan have retained some of their high-temperature 
parageneses and these is used to place constraints on 
the lower bound of the melt sheet’s temperature of 
formation.  

Geological setting: The ~100 km diameter Mani-
couagan impact structure of Quebec is one of the lar-
ger craters known on Earth. It is late Triassic in age 
(214 Ma [2]) and is essentially undeformed [3, 4]. The 
targets are predominantly Precambrian gneisses, char-
nockites, amphibolites and anorthositic rocks of the ~1 
Ga Grenville Province. In addition there are sparse 
outcrops of Middle Ordovician sedimentary rocks. 
These form local outliers of siltstone, shale and lime-
stone, with dolomitic limestone being dominant [3]. 
The sedimentary rocks lie unconformably on the Pre-
cambrian basement. During field investigations during 
a summer season when the Manicouagan reservoir was 
particularly low, the contact between Ordovician sili-
ceous dolomite and the overlying impact melt sheet 
was exposed at the shoreline. Sampling took place on a 
small ~0.25 km2 island, which lies to the east of what 
is now referred to as Memory Bay (formerly Memory 
River prior to hydro-flooding), which is an inlet pene-
trating the central main island of the reservoir. The 
impure carbonates have undergone extreme metamor-
phism due to direct juxtaposition with the impact melt 
sheet (of andesitic bulk composition). The unusual 
mineralogy provides new constraints on the tempera-
ture of the melt sheet.  

Texture: The metamorphosed impure carbonate is 
fine grained (mostly <0.1 mm, but in places up to 1 
mm in grain size). It has a hornfelsed texture and 
shows local areas (~10-20% by volume) of melting in 
the form of veins that are up to a few mm wide. Some 
of the veins show fluidal (flow) textures, implying a 
degree of mobilization. The melt veins comprise mate-
rial derived from the carbonate protolith, not extrane-
ous lithologies or mineralogies (i.e., in situ partial 
melting is implied with restricted transport). 

Mineralogy: The mineralogy of the metacarbon-
ates is complex. There is a high-temperature (HT) pro-
grade assemblage and a retrogressive low-temperature 
(LT) overprint, with the latter involving H2O infiltra-
tion. The HT assemblage comprises diopside + labra-
dorite + periclase + brownmillerite + spurrite + 
perovskite + mayenite. Remnant larnite is also present. 
The lower grade paragenesis comprises muscovite + 
calcite + brucite + afwillite, which has partly replaced 
the HT assemblage.  

Pressure-Temperature Constraints: Mineral sta-
bility fields indicate that the impure carbonate attained 
at least 900 ˚C under low pressure conditions (~100 
bars). This is corroborated by the partial melting of the 
rock, which is considered to occur at a similar tem-
perature. This is akin to the calcining temperature used 
in furnaces to produce Portland cements, which can 
possess similar refractory HT mineral assemblages.  

Implications: Attaining at least 900 ˚C requires 
juxtaposed melt temperatures of ~1800 ˚C if the heat is 
transferred solely by conduction. The field setting in-
dicates that the carbonate outcrop is in situ as part of 
one of the largest Ordovician sedimentary rock out-
crops in the region (as documented pre-flooding [3, 
4]). This precludes the HT assemblage being derived 
by convective heating (i.e., as a block suspended and 
moving within the impact melt), wherein the contact 
temperature can approach that of the melt. Melt sheet 
temperatures of at least 1800 ˚C are compatible with 
conservative estimates of 1800-2000 ˚C as used for 
modeling (e.g., in the case of Sudbury [1, 5]). 
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