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Introduction 
 NASA Lunar sample set helps planetary pe-
trology studies in the reconstruction of a lava column 
in a lava flow on a planetary surface. Lava flows with 
various depths were covered large areas on the plane-
tary bodies in the Inner Solar System. Apollo samples 
in the NASA Lunar Set give examples for the upper 
section of a lava flow which we extended with 
nakhlites to show lower layers of a flow, earlier ex-
isted on Mars. Both types were also shown in terres-
trial samples: pillow-lavas for the quenched outer crust 
of the lava column and Theo's flow's pyroxenites for 
nakhlites. For comparison the cooling rate sequence of 
the chondrule types were also involved in the compari-
son.  
 
Column in a lava flow: cooling textures 
 Impacts penetrate planetary surfaces and ex-
cavate rocks both from upper and deeper layers of the 
surface rocks. We focused our NASA Lunar sample 
set studies on the reconstruction of a lava column with 
the textures available for us. We had samples from the 
NASA Lunar Set and the NIPR Antarctic Meteorite 
Set. Three cooling phenomena were focused: 1) cool-
ing sequence of chondrule types as individual melt 
droplets, 2) cooling sequence of the outer crust section 
of a lava column [1] and 3) accumulation of the set-
tling crystals in a lower section of the lava column in a 
thicker flow (nakhlites). 
 The following samples were used (from set 
No. 4.) NASA Lunar Set: 74220,347 soil sample (or-
ange); 68501,187 soil sample with clast; 14305,87 
breccia with basaltic clast; 72275,128 breccia with 
basaltic clast; 12002,391 basalt (picrite) sample (por-
phyritic); 70017,210 basalt sample (poikilitic); 
12005,26 basalt sample (poikilitic). 
 The NIPR Meteorite samples from set No. 4.: 
Yamato-790448,64-5 (LL3 chondrite), Yamato-
691,53B-1 (EH3 chondrite). 
 Hungarian meteorites (thin sections from the 
Eötvös University Collection samples): Mezömadaras 
(L3 chondrite), Knyahinya (L5/6 chondrite). Nakhlite 
data were collected from the literature. 
 
 
 

Cooling rate sequence of chondrule textures 
 In the chondrites studied all (generally 6 
named) types of the glassy (or criptocrystalline), (ex-
centro-)radial, barred, porphyritic (olivine-PO, pyrox-
ene-PP, olivine-pyroxene-POP) poikilitic (pyroxene) 
and granular chondrule textural types occurred. Many 
experimental reconstructions successfully reproduced 
these textural types in the function of composition, 
cooling rate, presence or nucleation of olivines and 
pyroxenes, petrological setting (i.e. partial melts), 
grain size of the precursor materials and even such 
factors as rotating chondrules [1, 2, 3, 4]. One of the 
most important factors is shape and other is the size 
[5]. Shape is important, because the spherical body has 
small place for exhibiting strong gradients in the tex-
tures. Sphere is a strong boundary condition. Size is 
determining the cooling rate very effectively. The 
glassy chondrules are frequently occurring among the 
smaller ones. The smaller the droplet is, the worse is 
the surface /volume ratio. On the basis of the orange 
soil cooling rate estimations the glassy spherules could 
have 1000 C/min cooling rate [7, 8]. The porphyritic 
chondrules with much glassy mesostasis can be the 
next in the sequence. Their estimated cooling rates 
were between 100 C/hour and 2000 C/hour. [4, 6] Last 
experiments show that they were formed by partial 
melts of an olivine rich source [1], their cooling rate 
was in the order of 100 C/hour. However, some excen-
tro-radial types may run parallel with them in this 
cooling rate sequence. (Not only overcooling results in 
abrupt crystallization of pyroxene bunch or fascicule 
but the absence of crystal nuclei.) Barred chondrules 
are also in this section in the cooling sequence of 
chondrule textures [2, 3]. The slower cooling rate 
types are the poikilitic pyroxene and the granular 
types. For granular textures between 2 C/hour and 30 
C/hour cooling rates were given by [4]. Although un-
equivocal sequence can not be given, the main lines of 
cooling sequence could be shown by these 6 types, 
too. However, we may not miss to mention that we 
found an extended study from 1981 [9] which con-
cludes that "of 1600 chondrules neither chondrule size 
nor shape is strongly correlated with textural type".  
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Lunar basalt layers by textures in a thin flow 
 In the upper sections (some meters thick) of a 
thin lava flow the decreasing cooling rate produces 
textural sequence of basaltic flows characteristics also 
of the outer edge belts of pillow lavas in the Earth, 
represented by the spherulitic, variolitic, intersertal, 
intergranular, subophitic, ophitic, poikilitic [10] (Fig. 
2.). The corresponding Lunar samples were 74220 
(glassy orange spherule with the greatest - ca. 1000 
C/min cooling rate) [7, 8]. The variolitic clast of 68501 
with the second highest cooling rate of some hundred 
degrees C/day, 12002 porphyritic sample with large 
olivine grains (cooling rate 20 - 2000 C/hour [11]); the 
intergranular clast of the 14305 breccia (k.100 
C/week); the subophitic clast of 72275,128 breccia; 
The 70017 poikilitic sample [12, 13] with frequent 
occurrence of sector zoned clinopyroxenes and ilmen-
ites; 12005 poikilitic sample with large, zoned pyrox-
ene oikocrystals with embedded euhedral olivine 
grains [13].  
 
Martian nakhlite textural layers in the cumulate 
pile of a thick flow 
 In a thick (some tens of meters) lava flow 
accumulation of crystals by settling forms cumulate 
piles in the lower section of the lava column. Martian 
nakhlites represent this section of the lava flow column 
[14, 15, 16]. Nakhlites form a group of martian mete-
orites with pyroxenitic character. There is a terrestrial 
analog for the formation of the nakhlites: this is the 
ultramafic lava-flow of the Theo's Flow in Canada. 
The martian meteorite nakhlites have similar petro-
graphic texture to that of the Theo’s Flow piroxenites: 
it consists of piroxene (mainly augite) grains set in a 
matrix composed of plagioclase needles. In the melt 
first pyroxenes were well nucleated. Then the growing 
pyroxenes formed clusters and settled on the top of the 
cumulate pile at the bottom of the lava layer. Finally 
the trapped melt crystallized in the form o the plagio-
clase needles. These plagioclase needles form bunches 
between the clinopyroxene crystals. Smaller number of 
olivines occur among the pyroxene grains. Sometimes 
simplectite exclusion can be observed in them. Ac-
cording ot the trapped melt composition it was found 
that nakhlites populated various levels in a thick lava 
flow, various distance from the top [14]. In a thick 
planetary lava-flow layering these samples represent 
lower region of the crystallizing lava body. 
 
Summary 
 Basaltic samples and clasts of the NASA Lu-
nar Samples were compared to other sequences which 
form a cooling rate series. Textures and cooling rates 
with specific boundary conditions exhibited the most 
unusual textural types in the cooling sequences, how-

ever, counterparts to the thin lava flows of the Moon 
(in pillow lave quenched margin textures) and to the 
thick lava flow's cumulate type textures (in Theo's 
Flow's textures) terrestrial counterparts were shown. 
This way the analogue materials course on the Eötvös 
University was helped in this new comparison in the 
last year works.  
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