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Introduction:  The impact crater site at Ma-
nicouagan, Quebec (51° 23° N, 68° 42° W) is the 2nd 
largest of Canada’s 30 confirmed impact structures [1]. 
On Earth, most of the larger craters have degraded 
over time through erosion (e.g., Vredefort, South Afri-
ca) or geological processes (e.g., Sudbury is de-
formed). Manicouagan is unique amongst the large 
terrestrial impact craters (D≥90 km) in that its impact 
melt sheet is exposed, accessible, and undeformed. 

Manicouagan, dated at 215.56±0.05 Ma [2, 
3], is a complex impact structure formed within pre-
dominantly crystalline metamorphic and igneous rocks 
of the Grenville Province of the Canadian Shield [5, 6, 
7]. These target rocks, ranging in age from 1700-1170 
Ma, were metamorphosed during the ~1000 Ma Gren-
ville Orogeny, principally to amphibolite to granulite 
facies [5, 6]. The diameter of the crater’s outer ring is 
150 km, with an inner ring at 100 km. A third ring (55-
65 km in diameter) defines the peripheral trough which 
forms the Manicouagan Reservoir [7, 8]. Inside the 
reservoir, impact melt covers much of the Rene-
Levasseur Island, and the crater floor around the anor-
thosite central uplift (Mont de Babel and Maskelynite 
Peak), forming a virtually continuous annular plateau 
25 to 55 km in diameter. Melt also occurs as dikes in 
the core region, associated with the anorthositic central 
peak.  

New data has prompted the re-evaluation of 
the size and nature of the impact melt sheet. The thick-
ness of the melt sheet was previously estimated at 230 
m, with a further 50 metres lost to erosion, and a pre-
served melt volume of around 1000 km3 [9, 10]; these 
figures were based on observable melt. As with other 
terrestrial impact melts of sub-Sudbury size, differen-
tiation was not recognized at Manicouagan. However, 
this study examines drill core that shows the melt sheet 
to be much thicker than previously suspected. This 
study examines 3163 metres of melt sheet from eight 
drill holes located across the impact melt sheet and 
confirms a (local) depth of c.1400 metres (including 
clast-bearing impact melt), and a macroscopic clast-
free impact melt of ~1000 metres thickness.  

Analysis:  In this study, 85 melt samples 
were analyzed for major, trace and REE chemistry, 
using XRF and ICP-MS methods. Samples were taken 
from eight drill cores at various depths. Six field sam-
ples were also examined. On the basis of geochemistry 
and degree of internal differentiation, the clast-free 
impact melt sheet at Manicouagan is divided into two 

distinct units - a homogenous Impact Melt Sheet (IMS) 
and a more heterogeneous Melt Type B (MTB).  

The IMS makes up the bulk of the melt sheet 
and is composed of a homogenous medium-grained 
quartz monzodiorite. Within the IMS, minor variations 
in abundances of major elements are observed, but 
standard deviations are less than 1. The average for 
SiO2 in the IMS (n=41) is 57.71 wt. % (1σ = 0.83). 
Values range from 55.0 to 59.4 wt. %, generally show-
ing little variation with respect to length of the drill 
core (macroscopic clast-free melt within the IMS 
ranges from 88 to 550 metres in length). Melt Type B 
(MTB) shows considerably more variation. For the 
MTB (n=39), the SiO2 average is 59.30 wt. % (1σ = 
2.59), and values ranges from 55.9 to 65.3 wt. %. The 
MTB includes the highly heterogeneous 0608 drill 
core, which has a macroscopic clast-free melt of ~1000 
metres. The 0608 drill core is subdivided into two dis-
tinct geochemical layers, with a third transitional zone 
between these. The upper layer (UZ) (278 metres) is 
relatively enriched in silica (60.55 wt. %, 1σ 1.14) but 
depleted, relative to the average, in CaO and MgO. 
The lower layer (LZ) (525 metres) is enriched in CaO 
and MgO, whilst relatively depleted in silica (56.64 wt. 
%, 1σ 0.78). The middle transitional layer (MZ) (242 
metres) has an average SiO2 of 62.24 wt. % (1σ 2.01). 
The MZ is broadly similar in geochemical abundances 
to the UZ, but shows a much wider range of values 
e.g., SiO2 values range from 59.7 to 65.3 wt. %.  

These compositional differences are also re-
flected in trace and REE abundances, in particular in 
the Eu anomaly for 0608. Whilst the 0608 UZ has a 
negative anomaly similar to the rest of the melt sheet, 
the LZ and underlying basement has a positive anoma-
ly. Overall, the melt sheet is enriched in LREE and 
depleted in HREE. 

Unlike previous studies, which found a bulk com-
position of latite (monzonite) [9, 11], this work has 
found the IMS to have a bulk composition of quartz 
monzodiorite, whilst the heterogeneous MTB ranges 
from quartz monzonite to monzodiorite (Fig. 1). 
Quartz monzonite is primarily confined to the 0608 
MZ, which is generally the most varied segment of 
melt examined. The 0608 UZ has a bulk composition 
of quartz monzodiorite, whilst the LZ has a bulk com-
position ranging from quartz monzodiorite to monzo-
diorite. This represents a significant vertical chemical 
variation across the c.1100 metres length of melt in the 
0608 core. 
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This variation in the 0608 core is indicative of 
changes in petrography and mineralogy down the 
length of the core. It is speculated that the large vo-
lume of melted material in the 0608 core region facili-
tated differentiation processes, not seen in other shal-
lower parts of the melt sheet.  
References: 
[1] Earth Impact Database (Accessed: 9 December, 2009) 
http://www.unb.ca/passc/ImpactDatabase/. [2] Ramezani, 
J. et al. (2005) 19th V. M. Goldschmidt Conference, Ab-
stract # 321. [3] van Soest, M. C. et al. (2009) LPSC 
XXXX, Abstract # 2004. [4] Berard, J. (1962) Quebec 
Dept. Nat. Resources Prelim. Rep., 489, 14 p. [5] Cox, R. 
et al. (1998) Precambrian Research, 90, 59-83. [6] In-
dares et al. (1998) Tectonics, 17, 426-440. [7] Dence, M. 
R., (1977), NASA SP-380, Washington, DC USA. [8] Floran, 
R. J. and M. R. Dence (1976), Lunar Sci. Conference VII, 
2845-2865. [9] Floran, R. J. et al. (1978) JGR, 83, B6, 
2737-2575. [10] Onorato, P. I. K. et al. (1978) JGR, 83, B6, 
2789-2798. [11] Murtagh, J. G. (1975), Ohio State Universi-
ty Ph.D thesis. [12] Le Maitre, R. W et al. (eds.) (2005), 
Igneous Rocks: A Classification and Glossary of Terms, 
Cambridge University Press, p.252. 
 

0

2

4

6

8

10

12

14

16

18

20

50 52 54 56 58 60 62 64 66 68 70 72 74 76 78 80 82 84 86 88 90

Plagioclase ratio

Q
ua

rt
z

Average IMS

Average MTB

IMS

MTB

Quartz monzonite

Monzodiorite

Quartz monzodiorite

  

0608 LZ

0608 UZ and MZ

 
Figure 1. Intrusive Classification of MTB (after Le Maitre, 
2002) [12] 
 

 
Image 1. Impact Melt Sheet (IMS) (0501 core) 
 

 
Image 2. Melt type B (MTB) – 0608 UZ 

 
Image 3. Melt type B (MTB) – 0608 MZ 

 
Image 4. Melt type B (MTB) – 0608 LZ 
 

 IMS MTB 
 Average 

Wt. % 
1σ Average 

Wt. % 
1σ 

SiO2 57.71 0.83 59.43 2.59 
TiO2 0.77 0.04 0.75 0.10 
Al2O3 16.24 0.36 16.28 0.97 
FeO  2.56 0.64 4.00 1.93 
Fe2O3 3.92 0.73 1.23 1.13 
MnO 0.13 0.01 0.12 0.02 
MgO 3.62 0.32 3.21 0.99 
CaO 5.85 0.44 5.05 1.62 
Na2O 3.87 0.17 3.87 0.36 
K2O 3.02 0.22 3.39 0.94 
Cr2O3 0.02 0.01 0.03 0.02 
P2O5 0.23 0.02 0.21 0.03 
LOI 1.34 0.31 0.93 0.37 
   99.00  

Table 1. Major element geochemistry for the two units 
of the Manicouagan Impact Melt Sheet 
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