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Introduction: Pockets of localized crystals and glass 

(melt pockets) occur in irregular to subrounded en-

claves heterogeneously distributed throughout the 

groundmass of strongly shocked Martian meteorites. 

These pockets are interpreted to be the quenched re-

mains of local hot spots generated by shock melting 

(up to 2500 K; [1]), during the impact event that also 

launched the rocks into Earth-crossing trajectories 

from the Martian near surface.  The mineral assem-

blages of some pockets is indicative of crystallization 

at high temperature and pressure, confirming their im-

pact origin. The melt pockets lack terrestrial ana-

logues; similar features have not yet been observed in 

terrestrial impact craters or in other meteorites, nor 

have they been produced in shock-recovery experi-

ments. Aside from their interest to researchers of shock 

metamorphism, the pockets also relate to studies of the 

Martian atmosphere and the Martian surface, because 

they have been found to contain a sample of the con-

temporary atmosphere of Mars [2] and probable Mar-

tian soil or alteration products [3].  Understanding the 

nature and origin of shock melt pockets can also help 

to clarify the debate over the age of shergottite meteor-

ites (e.g., 4, 5), because processes of shock and thermal 

metamorphism may potentially disturb the radiogenic 

isotope systematics of a meteorite, which can reset, 

rotate or destroy isochrons. The shock melts are of 

particular importance because Ar-Ar ages of these fea-

tures are much older than host rock minerals [6], inter-

preted by [4] to date the time of igneous emplacement. 

This study focuses on the thermal evolution of 

three melt pockets in different Martian basalts in order 

to constrain the temperature of formation, duration that 

they were molten, the effect of heterogeneous nuclea-

tion on their crystallization kinetics, and the cooling 

profiles established in the rock during shock. The latter 

will be addressed using the Heat program developed 

by K. Wohletz www.ees1.lanl.gov/Wohletz/Heat.htm 

 Dynamic crystallization experiments have been 

carried out on synthetic glasses representative of melt 

pocket compositions in Los Angeles, Dar al Gani 

(DaG) 476, SaU 150 and Allan Hills (ALH) 77005 [7, 

8]. In our earlier work [7], the starting materials were 

fused twice at 1600 
o
C to eliminate heterogeneous nu-

cleation sites. The use of such starting materials to 

model melts that contain observable relicts from the 

shock melting process (schlieren, entrained clasts of 

host rock material etc.) was addressed by [8] for a sin-

gle melt pocket in ALH 77005. In these experiments, 

the starting conditions varied from superliquidus to 

subliquidus temperatures with cooling over a range of 

rates and fO2 conditions. Comparison of the experi-

mental products and natural samples showed that 

strong thermal gradients existed within the melt at the 

onset of crystallization, giving rise to a heterogeneous 

distribution of nucleation sites resulting in gradational 

textures of olivine and chromite. The oxygen fugacity 

of the melt pocket was found to be set by the Fe
3+

/Fe
2+

 

ratio imparted by melting of the host rock, rather than 

external factors such as incorporation of CO2-rich Mar-

tian atmosphere, or melting and injection of oxidized 

surface (e.g., regolith) material. 

 In the present study, crystallization experiments 

used aliquots of the same three melt pocket composi-

tions from [7] to further our understanding of the kinet-

ics of the crystallization processes and to assess the 

heterogeneous nucleation potential of the melts. The 

starting materials were placed in monomineralic cruci-

bles machined from natural olivine (Fo92) from San 

Carlos, New Mexico. The crucible-contained starting 

materials were subjected to the same isothermal and 

controlled cooling experimental conditions as in [7; 

Fig. 1]. Crystallizing the melts in natural mineral cru-

cibles increases the contact-area to sample-volume 

ratio (liquid-solid interface). This property has been 

shown to affect the kinetics of nucleation (e.g., [9]). 

This method differs from the previous experiments, in 

which the starting materials were attached as a pellet to 

a platinum loop, which was then superheated and 

cooled over a range of rates. The use of natural miner-

als as crucibles within which to crystallize starting 

materials provides a more realistic analogue for crys-

tallization of natural melt pockets, compared to the 

wire-loop experiments. In the meteorites, the shock-

generated melts cool and crystallize adjacent to, and in 

direct contact with, host rock (igneous) minerals. Den-

drites typically nucleated on the margins of host rock 

mineral and grew into the melt pockets. This observa-

tion supports use of natural mineral crucibles as an 

analogue to cooling and crystallizing shock melts. 

Experimental Methods: Cooling experiments were 

performed on small batches of powder compacted in 

olivine crucibles using a 3 mm diameter ceramic rod, 

and suspended into a 1 atm gas-mixing furnace. All 

experiments were performed at 2 log units below the 

FMQ buffer. In order to examine the effects of cooling 

rate and heterogeneous nucleation on run product tex-

ture, two programs were applied (Fig. 1).  The starting 
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temperature, To, ranged from 1200–1455 
o
C, depend-

ing on the liquidus temperature, TL,  for each run 

(where To = 10 
o
C above TL).  

 

 
Fig. 1. A sketch of the two temperature programs imple-

mented in this study. After the charges were completely 

melted at To for 1 hr, the charge was either (a) removed from 

the furnace and quenched in water, or (b) cooled at a pre-

programmed, constant cooling rate [26–1560 
o
C/hr] to Tend, 

where is was quenched in water.  The run products for one 

melt pocket (MP4) are shown as BSE images below the pro-

gram sketches. For the isothermal run, a cross section 

through the crucible + melt is shown. 

 

Results: The experiments do not permit evaluation 

of the effect of elevated pressure on melt crystalliza-

tion. Any early-formed high pressure, high temperature 

minerals would act as heterogeneous nucleation sites 

for the crystallizing melt. Our experiments show that: 

(1) complex textures can be produced by a simple lin-

ear cooling history, and (2) heterogeneous nucleation 

is required to produce most, but not all, observed melt 

pocket textures. The nucleation density of run products 

crystallized within the olivine crucible show a better fit 

with the natural meteorite (e.g., 1.6 x 10
5
 – 1 x 10

3
 

crystals/mm
2
; [10]), compared to runs cooled from 

superheated melts. In addition, wedge-shaped melt-

filled veins, in direct contact with, and emanating 

from, a subsidiary melt pocket, have been produced in 

this study. Similar features in meteorites have been 

interpreted as intrusive features.  We interpret them to 

have formed as the melt from the central cavity crept 

along fractures in the olivine crucible. In the experi-

ments, fractures develop by thermal shock of the oli-

vine when it is put into the furnace. In the meteorites, 

melt veins could develop by a similar mechanism due 

to fracturing caused by volume increase on melting or 

simply due to the nature of the shock event itself. It 

should be noted that these melt veins are not to be con-

fused with the friction-generated shock veins.  

 
Fig. 2. Melt veins observed in meteorites (a) ALH 77005, (b) 

Los Angeles, (c) NWA 1950, and those produced experimen-

tally in the olivine crucible (d).  

 

Concluding remarks: The distribution of shock 

melt features is heterogeneous within polymineralic 

targets. Although shock is capable of mechanical de-

formation and phase transformations that are relatively 

homogeneously distributed throughout the host rock, 

shock also forms local melts, some which quench to 

form minerals stable at high temperature and high 

pressure, and some which remain in the molten state 

after pressure release to form low pressure mineral 

assemblages. During shock, high temperatures (2000–

2500 K) are reached locally; however, such tempera-

ture excursions are transient and the kinetics of melting 

are not rapid enough to destroy all nuclei within the 

melt. In addition, host rock minerals serve as heteroge-

neous nucleation sites. The mechanism of melt pocket 

formation [1], and the inefficiency of shock in destroy-

ing nuclei in the melts, gives rise to a wide range in 

texture and bulk composition – from high silica and 

alkalis formed by melting of late-stage igneous 

mesostasis to olivine-saturated compositions formed 

by melting cumulate minerals – for any given melt 

pocket that varies on the cm-scale within individual 

meteorites.  
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