
7 4 4  LPSC X I X  

THE "BLUE LAKE 11" EXPEDITION OF JULY-AUGUST 1987 IN GREEN- 
LAND, AND THE SEARCH FOR MM-SIZE UNMELTED EXTRATERRESTRIAL 
PARTICLES. M. ~ a u r e t t e ' ,  C.  Hammer2, M. Pourchet3, D. E. Brownlee4. 'Laboratoire 
RenC Bernas, 91406 Orsay; 'Institute of Geophysics, University of Copenhagen, DK- 
2200 Cophenhagen; 3Laboratoire de Glaciologie, Domaine Universitaire, 38402-St. Martin 
d'HdrPs; 4Department of Astronomy, University of Washington, Seattle, WA 98195. 

During the "Blue Lake I" expedition of July 1984 (1) we collected -20kg of black sedi- 
ment ("cryoconite") from the bottom of a blue ice lake at the latitude of Sondrestromfjord, 
about 20 km from the margin of the melt zone of the west Greenland ice cap. The sediment 
was found to contain abundant extraterrestrial particles similar to those found in deep sea 
sediments. In Greenland however, the particles were found in a higher concentration and 
much better state of preservation. In July-August 1987 a new Danish-French expedition 
was launched at the same latitude in Greenland. This expedition with 13 members estab- 
lished two base camps at - 10 km and 25 km from the ice margin. They used a small 
helicopter for 3 full days, conducting various experiments between 1 km and 50 km from 
the ice margin. 

Cosmic Dust Related Experiments During The "Blue Lake 11" Expeditions. Besides -- 
minor projects t h e  important experiments completed during this expedition include: 
(a) The disaggregation, in the field, of about one ton of cryoconite for extraction of the 
rare coarse grains > 0.5 mm. In the specific case of large surface deposits, that can be 
easilv shoveled, four 60 liter barrels were filled with crvoconite and then disa~nreeated 

U" - 
(see next sectidn) in one day; (b) The collection of -16 kg samples of cryoconite, at 10 
distinct sites (total mass -200 kg) between -1 km and 50 km from the ice margin; (c) 
The determination of the age of the ice surface at a least one site, for further constraining 
the ice flow model of N .  Reeh. For this purpose the acidity of melt water trapped in 
cryoconite holes was measured with a. portable Ph-meter, for detecting acid fallout from 
m&jor historical volcanic eruption. 

Variation of the Concentration of Large Extraterrestrial Grains. From one ton of cry- 
oconite, only -80 kg was f& disaggregated in the field during several operations, yielding 
about 70 particles with sizes >0.5 mm. The other -900 kg of cryoconite was only partly 
disaggregated, yielding of 5 kg of concentrate from which the big grains have still to be 
extracted. This earlier collection was aimed at determining the optimum disaggregation 
technique that minimizes both the loss and/or fragmentation of the grains. For this pur- 
pose, cosmic spherules in the residues were observed in the field with an optical nlicroscope. 
We found a major difference between the recovered abundance of big spherules (size >0.5 
mm) and the smaller ones (sizes -100-200 pm), that are much more abundant and easily 
extracted in sufficient number from -150 g cryoconite samples. At a given distance from 
the ice margin, the concentration of the small spherules (-700 per kg of wet cryoconite, 
near Camp 11) is rather independent of either the type of deposit or the extraction pro- 
cedure. In sharp contrast, the abundance of large spherules is highly dependent on both 
parameters. For our best disaggregation procedure (see below) the highest abundance of 
>500 pm particles (about l/kg) was observed for "mature" cryoconite hole. This concen- 
tration decreased by about a factor of 5 to 10 for deposits found under running water. The 
best field disaggregation (and/or preconcentration) procedure was to fire a high pressure 
(-140 bars) jet of water (delivered by a -30 kg motorized pump) onto -10 kg of cryoconite 
held under water in a "compatible" stainless steel 500 pm sieve, with a diameter of 45 cm 
and a length of 30 cm. This technique was applied in particular to 45 kg of cryoconite 
collected near camp I1 on a surface deposit, yielding the mineral residue, BLII-10, that we 
discuss in the next section. 

Search for Large "Unmelted" Chondritic Fragments in Residue BLII - 10. This 
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residue yielded 33 inorganic particles and 3 large organic "seeds" with sizes ranging from 0.6 
up to 3 mm. Relying on SEM and EDX analyses we found 6 spherules and 5 irregular parti- 
cles with chondritic compositions. Previous work with smaller particles demonstrated that 
chondritic composition is a reliable criterion for identifying spheres up to 500 ym in size 
and unmelted particles up to 300 pm. ,This criterion should also be valid for the unmelted 
particles shown in Figure 1 although such large unmelted particles have not previously 
been available for study. Three fragments (B, .D, E) look very much like small unmelted 
micrometeorites ("dark" fine-grained structure, with an homogeneous composition). But 
the two other fragments, including the largest one (A), are coarse grained-polycrystalline 
grains with a very heterogeneous composition on a scale of -100 pm. Fragment A looks 
coated with a very thin dark "patinan of an unknown material, which is also spread on in- 
ternal fracture surfaces. The extraterrestrial origin of A and C has still to  be demonstrated 
from Ir and/or 10Be/26A1 measurements. We might bracket the concentration of big ex- 
traterrestrial grains (sizes 2700pm) in 45 kg of cryoconite between -10 mg (6 spherules 
and the 3 fragments B, D and E) and -25 mg (all spherules and fragments). Relying on a 
model discussed elsewhere (2) showing that 1 kg of cryoconite is similar to a cosmic dust 
detector of 1,500 m2 exposed for 1 y in space, we get a "lower limit" of the flux of large 
extraterrestrial grains ( 1 0 - ~ ~ / c m ~ / ~ )  that is compatible within a factor of three with the 
total micrometeoroid flux of Griin et al. (4). 

Preliminary work on large particles, extracted from only a small fraction of the new 
Greenland collections, has shown that millimeter-sized extraterrestrial particles have been 
recovered. Some of these particles are unmelted and they appear to be in a good state 
of preservation. The proven ability to recover these samples opens new doors for the 
investigation of the millimeter comet and asteroid fragments that produce visual meteors 
in the night sky. 
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Figure 1. SEM and EDX analyses of the surfaces of 5 large particles collected on the Blue 
Lake I1 expedition. 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 


