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Abstract-Dynamic crystallization experiments were conducted in order to determine the conditions
necessary to produce poikilitic, intersertal and subophitic textures from a plagioclase-rich basaltic
melt. Such a melt, modeled after rock 14310 has plagioclase as the liquid us ( 1304 ° C) and most
abundant phase (66 modal %), and it is this mineral which controls the textures developed. During
isothermal crystallization in the undercooling range of 12°C to 54°C, plagioclase initially grows by a
diffusion-controlled process. When the crystals reach about 40 µm size, they become tabular, and
interface-controlled growth becomes dominant. As determined from the controlled cooling-rate
experiments, the 40 µm tabular crystals are the most suitable substrates for further plagioclase
growth, resulting in the formation of large laths, regardless of whether the rock cooled at 2°C/hr or
l0°C/hr.
Poikilitic texture comprising small plagioclase crystals was developed by cooling a melt containing
high abundance of non-faceted crystals. Intersertal texture was produced by cooling a melt containing
faceted, ~40 µm plagioclases. Porphyritic texture formed by the linear cooling of a relatively nucleifree melt from above or just below the liquidus.

INTRODUCTION

The textures and mineral chemistries of igneous rocks are generally understood to be a function of the cooling rate of the melt, the degree of undercooling,
as well as the melt composition (e.g., Lofgren et al., 1974; Usselman et al., 1975;
Walker et al., 1975, 1976; Bianco and Taylor, 1977; Grove and Walker, 1977).
In addition to the above parameters, however, there is a marked dependence of
textures on the precooling melt history of the magma (Ryder and Bower, 1976;
Lofgren, 1977; Lofgren and Smith, 1978; Nabelek et al., 1978). A wide variety
of textures, including poikilitic, intersertal, ophitic, and porphyritic, are common.
The crystallization of feldspar is to a large extent responsible for many of these
textures, particularly in the plagioclase-rich basalts.
Rock textures depend significantly on the degree of supersaturation of a phase
at the time of nucleation. To a large extent, this controls the nature of the
nucleation event as to abundance and growth of the initial crystals. If there are
suitable sites for nucleation at the time of the initiation of cooling, nuclei may
*Summer Internship, The Lunar and Planetary Institute, 3303 NASA Road 1, Houston, Texas
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Table 1. Chemical compositions of 14310, the synthetic starting material and
lunar breccias with poikilitic textures.

SiO2
Ti0 2
AlzO3
Cr2O3
FeO
MgO
MnO
CaO
Na 20
K2O

1

2

3

4

47.20
1.24
20.10
0.18
8.38
7.87
0.11
12.30
0.63
0.49
99.84

48.82
1.16
20.50
0.07
7.69
7.87
n.d.
12.51
0.60
0.39
99.51

45.6 -51.4
0.53- 3.60
15.8 -24.9
0.02- 0.10
3.9 - 9.3
4.5 - 7.9
0.03- 0.15
9.7 -12.5
0.69- 1.13
0.55- 1.74

44.65-47.04
0.72- 1.72
17.18-22.94
not reported
7.08-10.53
9.9 -13.15
0.07- 0.13
10.41-13.34
0.3 - 0.56
0.11- 0.35

1. Published Analysis of 14310.
2. Synthetic Starting Material.
3. Ranges of Compositions (Defocused Beam Analysis) for Apollo-14 KREEP-Rich Rocks
Showing Poikilitic Textures (Ryder and Bower, 1976).
4. Compositions of Apollo-16 and Apollo-17 Poikilitic Rocks (Simonds et al., 1972).

form with little supersaturation. Be it an extruded crystal-laden magma or an
impact-generated melt, nucleation kinetics will have a drastic effect on the
textures produced.
Lunar rocks are excellent subjects for experimental studies of rock textures.
They formed under anhydrous conditions, contain only small amounts of volatile
cations (e.g., Na), and have been unaffected by diagenetic processes, thus
making them particularly amenable to analog studies in the laboratory. In order
to study a feldspathic rock containing several of the basaltic textures, the
composition of sample 14310, a high-alumina basalt (Table 1), was chosen for
investigation. This rock has a close spacial association of ophitic, subophitic, and
intersertal textures on a centimeter scale (James, 1973) making it a particularly
suitable choice for illustration purposes. An understanding of its textures and
their origins should add significantly to the appreciation of basaltic melts and the
recognition of their products, and because the development of textures in a highalumina basalt has not been extensively studied.
The close association of the various textures in 14310 has been attributed to
differences in cooling rate and perhaps volatile content on a small scale (Ridley et
al., 1972; Crawford and Hollister, 1974). However, 14310 probably does not
represent a normal igneous melt situation. In fact, it is now generally accepted as
being a product of a meteorite-produced, impact-generated melt (Morgan, et al.,
1972). In this regard, Ryder and Bower (1976) suggested that high nucleation
frequency in an impact-generated melt may play an important part in the
formation of poikilitic texture. Lofgren (1977) experimentally produced intersertal and poikilitic textures, very similar to those in 14310, on a millimeter scale.
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He attribmed this close association of textures to abundance differences of nuclei
in the experimental charge prior to cooling. His observation supports those of
Ryder and Bower (1976) in that poikilitic texture developed in areas of high
nucleation frequency, while intersertal texture developed from relatively crystalfree portions of the charge. However, certain "anomalous" textures were
produced in Lofgren's study, and these were ascribed to unpredictable plagioclase
nucleation. The present study is a logical extension of Lofgren's (1977) exploratory experiments and uses the same starting material; therefore, both studies can
be directly compared.
In the synthetic 14310 system, plagioclase is the liquidus (1304±5°C) and
most abundant phase (66 modal%) (Melson et al., 1972) and is the mineral of
greatest importance to this investigation. The nucleation, growth, and morphology of plagioclase as a function of time were studied by a systematic series of
isothermal experiments. Once these data were obtained, several cooling-rate
experiments were also conducted. These results provide significant insight into
formation of 14310 textures, as well as textures in other impact-generated melt
rocks, such as Apollo-16 breccias (Simonds et al., 1973). More importantly,
however, it is now possible to better evaluate basaltic textures and the cooling
history of basaltic melts, in general.
EXPERIMENTAL TECHNIQUES

A synthetic homogeneous glass of similar composition to 14310 {Table 1) was prepared by
repeated fusion of an oxide/carbonate mixture. For each run, the finely powdered starting material
was pressed into a pellet and attached to 8 mil platinum wire (Donaldson et al., 1975). The
experiments were conducted in CO/CO2 gas-mixing furnace (Williams and Mullins, 1976) at
controlled temperatures. The oxygen fugacity was held at approximately 0.3 log units below the ironwiistite buffer curve.
The experiments were conducted in a manner similar to those of Lofgren {1977). Two types of run
histories were used: A) isothermal, partial crystallization at temperatures in the range 1250°C to
1300°C for various lengths of time, followed by quenching in air; each run was placed directly at the
temperature of interest; B) isothermal, partial crystallization as in type "A" run history, followed by
cooling at 10°C/hr. Charges used for type "A" experiments were 50-60 mg, those for type "B" were
80-90 mg.
The number of plagioclase crystals per unit area was determined by photographing polished thin
sections in four to five areas of varying crystallinity as observed in reflected light at 400X
magnification and counting the number of crystals. These values were taken to 3/2 power resulting in
approximate volume densities. This procedure is similar to that followed by Kirkpatrick (1977) in an
investigation of plagioclase nucleation and growth in Hawaii lava lakes. These were then plotted as a
range of density in each charge. The crystal sizes were determined by averaging the length of the
twenty largest crystals parallel to (010). It was assumed that the largest crystals were the first to
nucleate and were the least likely to be remelted as the system approached equilibrium.

RESULTS

Isothermal crystallization experiments were performed at subliquidus temperatures (Table 2) in order to obtain nucleation and growth data for plagioclase
and to correlate these data with the development of textures in a high-alumina
basalt.
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Table 2. Run data for dynamic crystallization experiments.
Run
No.

Temp/hrs.

Cooling
History

Final
Temp.

69
68
65
66
91
94
74
73
67
60
59
58
105
77
78
64
62
61
88
87
75
76
80
102
103
100
101
104
99
47*
29*
45*
32*

1250/.5
1250/2
1250/6
1250/12
1250/48
1250/48
1280/.5
1280/4
1280/4
1280/8
1280/12
1280/17
1280/48
1286/3
1286/5.5
1292/6
1292/8
1292/12
1292/24
1292/48
1296/10
1296/14
1298/60
1265/2
1265/12
1280/2
1280/12
1292/4
1292/12
1320/6
1280/6
1280/48
1280/88

quench
quench
quench
quench
quench
quench
quench
quench
quench
quench
quench
quench
quench
quench
quench
quench
quench
quench
quench
quench
quench
quench
quench
10°C/hr
l0°C/hr
10°C/hr
10°C/hr
l0°C/hr
l0°C/hr
2°C/hr
2°C/hr
2°C/hr
2°C/hr

1250
1250
1250
1250
1250
1250
1280
1280
1280
1280
1280
1280
1280
1286
1286
1292
1292
1292
1292
1292
1296
1296
1298
995
995
1001
1000
994
947
1002
1005
1000
1000

*Lofgren (1977).

Nucleation
According to crystal growth theory (e.g., Kirkpatrick, 1975), for growth of a
crystalline phase to occur, a nucleus of sufficient size (critical radius) must be
present in the melt. Nucleation is considered homogeneous when a crystal
nucleates spontaneously from a melt and is considered heterogeneous when a
crystal nucleates on a preexisting surface. The time interval between attainment
of the crystallization temperature and the onset of nucleation is called the
"incubation period" (Turnbull, 1948). The incubation period for plagioclase at
various temperatures in the 14310 system was determined during this
study (Fig. 1).
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Fig. 1. Incubation period for plagioclase during isothermal crystallization of 14310
melt.

With large supersaturation-i.e., large undercooling---of plagioclase, the incubation period is relatively short. (Undercooling, or dT, is the difference between
the equilibrium liquidus temperature and the crystallization temperature.) At
1250°C (dT = 54°C) and 1280°C (dT = 24°C), the experiments with shortest
run times (½ hour) both contain plagioclase crystals. The large number of
crystals at 1250°C in the ½ hour run (Fig. 2) indicates that nucleation was
almost instanteneous. At 1280°C, the incubation period appears longer, as only a
few crystals are present in the charge. Closer to the liquidus, it takes progressively more time for nucleation to occur. At 1286°C (dT = 18°C), crystals were
present in 5.5. hours but not in 3 hours. Crystals nucleated in the 8 hour run at
1292°C (dT = 12°C) but not in the 6 hour run. However, at 1298°C
(dT = 6°C), no crystals were present even after 60 hours due to the low driving
force for nucleation at this small degree of undercooling. These results are
consistent with those of Gibb (1974) who studied plagioclase nucleation at nearliquidus temperatures in a high-alumnia basalt.
The effect of unmelted glass particles upon nucleation is significant, especially
at large undercoolings. The individual particles act as seeds for heterogeneous
nucleation; therefore, the incubation period is decreased. This is evident in
experiment W-74, ½ hour at 1280°C (Fig. 4-D), where plagioclase grew even
before all the glass seeds had a chance to melt completely. This effect is not
observed at high temperature where crystals nucleated after all visible glass
particles had melted. The "S" shaped curvature of the line in the temperature
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Fig. 2. Plagioclase nucleation "density" versus annealing time for three isotherms.

versus log time plot in Fig. 1 is probably due to this enhanced heterogeneous
nucleation at larger degrees of undercooling, as opposed to a "U" shaped
curvature that would be expected from homogeneous nucleation (e.g., Scherer et
al., 1972).
The number of crystals/ .01 mm 3 during isothermal crystallization is not a
linear function of time at any temperature investigated. Instead, maxima are
observed at some time period following the initial nucleation event (Fig. 2). In
general, at lower temperatures (i.e., large undercooling), the maximum number
of crystals/unit volume is attained faster than at high temperatures. At 1292°C,
with extended heating, the number increases to a maximum of approximately
3000 crystals/0.01 mm 3 in some areas of the charge. Following this initial
increase, some crystals are resorbed while others grow larger, and the number
levels off to values of less than 500. A similar pattern is observed at 1280°C;
however, at this temperature, the incubation period is shorter. From Fig. 2, it can
be seen that the number of crystals/unit volume increases gradually to a
maximum of about 10,000 crystals/0.01 mm 3 at approximately 12 hours. With
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Fig. 3. The average length of plagioclase crystals, parallel to (010), versus annealing
time. The size is an average of 20 of the largest plagioclase crystals in each run. Notice
the 1280°C values which are referenced to at½ function.

additional annealing, the number drops to about 5000 crystals/0.01 mm 3 • This
value is an order of magnitude larger than at 1292°C. Between 17 and 48 hours,
only a slight decrease occurs, and the crystals become more evenly distributed
throughout the melt. At 1250°C, due to large driving force for nucleation, the
maximum is reached almost instantly. This sudden increase is followed by
resorption, and the system stabilizes at about 5000 crystals/0.01 mm 3 •
It is important to point out that crystal abundances are not homogeneous in
many of the charges. Even though the charges are not more than a half
centimeter in diameter, convection has formed swirl patterns of crystallites,
causing some portions of the charges to have higher crystal "densities" than
others. This is especially true of charges that have small crystal abundances. A
similar effect of convection was observed by Lofgren (1977).
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Crystal Growth
The size and shape of plagioclase crystals grown in isothermal runs were
examined in order to ascertain the effect of these factors upon the further growth
of the crystals during cooling of the melt (Fig. 3). Two types of morphology are
distinguished in the isothermal runs: 1) faceted crystals and 2) crystals with
swallow-tail morphology. Following the incubation period at 1292°C
(AT = 12°C), crystals grew rapidly to about 50 µmin the period between 6 and
8 hours. In 8 hours at 1292°C (W-62; Fig. 4A), the crystals display swallow-tail
morphology, whereas at 12 hours, most of the plagioclase-s are tabular, although
spherulitic projections extend from the corners of the crystals (Fig. 4-B). The
largest crystals are on the order of 40 µm, as opposed to 50 µm in the previous
charge. This decrease in size is most likely due to resorption of the extending
projections while the smooth faces grew larger. However, there remain abundant
swallow-tail crystals in the charge. The inflection in Fig. 3 inferred from the
present experiments may be an artifact; obviously, this portion of the curve
requires more study before a complete interpretation is possible. Rapid growth of
the tabular crystals occurred in the next twelve hours. Indeed, the 24 hour run
contains crystals on the order of 190 µm. The spherulitic projections no longer
extend from the corners of the tabular crystal, and the number of 15-20 µm
swallow-tail crystals is minute. In the next 24 hours, little growth occurs, with all
·
crystal displaying faceted morphology (Fig. 4-C).
At 1280°C (AT = 24°C), the initial growth is linear with ..Jtime (i.e., t½)
(Fig. 3). Between 17 to 48 hours, the largest (about 40 µm) crystals assume
faceted morphology (Fig. 4-F) and slowly increase in size. The proportion of the
40 µm plagioclases increases with further crystallization, and they are especially
abundant in areas of low crystal abundances.
Larger undercooling (1250°C, AT = 54°C) causes rapid initial growth with
the largest crystals attaining about 50 µm lengths. Thereafter, the length
decreases as the sample approaches equilibrium. After the crystals reach
approximately 40 µm size, little growth occurs (Fig. 3). As at 1280°C, more
crystals become tabular with time.

Textures
Three types of textures were observed in the controlled cooling experiments
(Table 2) - poikilitic, intersertal, and porphyritic. These textures can be
produced in charges cooled at the same rate, but with different precooling
histories.
W-104 (1292°C, 4 hrs. + l0°C/hr) (Fig. 5-A) which cooled from a crystalfree melt has porphyritic texture. The plagioclase laths are tabular, and are on
the order of 1.5 mm in length. W-99 (1292°C, 12 hrs. + 10°C/hr) (Fig. 5-B),
contained many faceted, >40 µm crystals prior to cooling. This charge has
intersertal to intergranular texture with longer and thinner unoriented plagioclase laths that are more abundant than in W-104. In both runs, the groundmass
consists of glass and acicular, ~1 mm long, olivine crystals with interstitial

© Lunar and Planetary Institute • Provided by the NASA Astrophysics Data System

1978LPSC....9..725N

Nucleation and growth of plagioclase and the development of textures

735

fibrous pyroxenes. The plagioclase laths are subophitically intergrown with the
mafic minerals indicating co-crystallization during later stages of plagioclase
growth.
Two charges were cooled from 1280°C at 10°C/hr. Both, W-100 and W-101
(2 and 12 hrs. at 1280°C, respectively) (Fig. 5-C,D), have poikilitic texture. The
texture in these charges differs markedly with those of W-99 and W-104, even
though all four were cooled at the same rate. Cooling from 1265°C at 10°C/hr,
after 2 and 12 hours of isothermal heating (W-102 and W-103, respectively)
(Table 2; Fig. 5-E,F), produced poikilitic texture very similar to the 1280°C
runs. The poikilitic phase in the 1280°C and 1265°C runs is fan-spherulitic
orthopyroxene with interstitial glass present as well.
DISCUSSION

It is evident from the experiments described above that basaltic rock textures
depend significantly on the amount and nature of the particles in the melt prior
to cooling. Difficulty exists in duplicating all the nucleation frequencies and
particle morphologies in one experimental charge that most likely were present in
the 14310 melt (Lofgren, 1977). However, by changing the subliquidus temperature and time of isothermal crystallization, it has been possible to approximate
the probable diverse conditions within the 14310 melt.
Crystal growth theory (e.g., Kirkpatrick, 1975), as well as several experimental studies (e.g., Lofgren, 1974), indicate that at low supersaturation, interfacecontrolled growth is the dominant mode, resulting in tabular crystals. With
increasing degree of supersaturation, diffusion-controlled growth becomes dominant. Such a change results in the breakdown of planar interfaces to cellular,
dendritic, or spherulitic morphologies, as well as increased anisotropy of crystal
growth.
In the present study, change of growth mode with time occurred at each
isotherm investigated. Initially, the growth is diffusion-controlled as is indicated
by the swallow-tail morphology of plagioclase. At some time period following the
initiation of isothermal crystallization, the diffusion-controlled growth changes to
interface-controlled growth. This is evidenced by the appearance of tabular
crystals after longer annealing. Further support for this change is given by the
fact that at 1280°C, the initial growth is linear with time, thereby indicating
diffusion-controlled growth (Kirkpatrick, 1975). The growth later becomes linear
with time, indicating interface-controlled growth (Kirkpatrick, 1975). It must be
noted, however, that the half hour run (W-74) was not included in the length vs.
t½ plot because the presence of unmelted glass particles in the sample provided
numerous sites for heterogeneous nucleation, thereby enhancing the initial
growth.
The swallow-tail morphology of crystals after 8 hours at 1292°C (Fig. 4-A)
and the sudden increase of their size to 50 µm following incubation is the result of
the initially large supersaturation of the melt. The swallow-tail morphology,
however, is not stable at 12°C undercooling. As the system equilibrates, the melt
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becomes depleted in the components necessary for plagioclase growth (i.e.,
supersaturation decreases), crystals become faceted while the overall abundance
decreases. The faceted crystals, having the stable morphology, are able to grow
larger at the expense of the smallest swallow-tail crystals which gradually
become resorbed.
At 1280°C (LlT = 24°C), the increased competition between nucleation and
growth results in the appearance of a larger number of nuclei than at 1292°C
(Fig. 2). The "density" maximum of 10,000 crystals/0.01 mm 3 is reached as a
result of the initial supersaturation. Following the nucleation maximum, interface-controlled growth mode becomes dominant. With further crystallization,
after approximately 15 hours, the ratio of the tabular to swallow-tail crystals
increases, although the overall crystal abundance decreases. The larger number
of crystals as compared to that from the 1292°C crystallization, results in the
distribution of plagioclase components between many more crystals, i.e., much
greater nucleation frequency, the average size is correspondingly smaller at
1280°C.
Fenn (1977) studied nucleation and growth of alkali feldspars in the system
NaA1Si 30 8 - KA1Si 30 8 - H 20. He observed a sharp decrease in growth rate of
crystals after 72 hours of isothermal annealing. This change is similar to the one
observed at all temperatures in the present study. It is likely due to reaching a
compositional equilibrium during isothermal crystallization. The higher mobility
of ions in a melt of lower viscosity, such as alumina-rich 14310, as opposed to the
lower mobility of ions in a silica- and potassium-rich melt (Bottinga and Weill,
1972; Kani, 1935), results in the more rapid change in the growth rate in the
present experiments. It is noted that plagioclase growth becomes interfacecontrolled at all three isotherms when the crystallites reach approximately 40 µm
size. This size seems to be the optimum for further planar growth of plagioclase
in a melt of this composition. Because the growth is not linear in the early stages
of crystallization and it takes several hours for the establishment of equilibrium
morphology, great care should be exercised in calculating growth rates of
minerals during isothermal crystallization, especially in runs of short duration.

Relationship of cooling runs to isothermal/quench experiments
The cooling experiments support the conclusions of Lofgren ( 1977) that the
distribution of crystals in a melt prior to its cooling plays an important part in the
development of textures. However, he did not evaluate the significance of the
shape and size of plagioclase crystals. These parameters, in addition to cooling
rate, fugacity of volatiles, the melt composition, and the initial temperature
before cooling, must be considered in interpreting rock textures.
In a study such as this, it must be assumed that the melt properties in the
isothermal/cooling-rate runs, immediately prior to cooling, were the same as
those in the related isothermal/quench experiments. Such an assumption is
reasonable in light of the systematic variations in growth and nucleation of
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88 hrs at 1280°C

Fig. 6. Photomicrographs of charges cooled at 2°C/hr after isothermal heating. (a)
W-47. (b) W-29. (c) W-45. (d) W-32. (Lofgren, 1977).

crystals in the isothermal/ quench experiments and the close control of the run
conditions.
Runs cooled from above and slightly below the liquidus, W-4 7 (Lofgren, 1977)
and W-104 (Figs. 6-A, 5-A), started with crystal-free melts and developed
porphyritic textures. The uninhibited growth of the few plagioclase nuclei that
formed during cooling of the W-4 7 melt produced large plagioclase laths. The
slightly more abundant phenocrysts in W-104 are probably the result of the
initially lower precooling temperature of the melt. It is reasonable to assume that
the melt at 1292°C contained submicroscopic nuclei, that may be polymerized
melt species or other type of impurity, and which grew immediately upon cooling.
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The submicroscopic nuclei may have been newly formed, although the amount of
remnant unmelted glass particles may be significant. W-47, during its supraliquidus stage, should not have had any submicroscopic nuclei that would be in a state
to form a large number of substrates on cooling. This interpretation is in
agreement with Gibb (1974) who discussed the effect of the silicate melt
structure.
The intersertal texture in W-99 (Fig. 5-B) is the result of the abundant
faceted, >40 µm crystal in the melt before cooling. These crystals are more
favorable sites for growth of large laths than are the swallow-tail crystals.
Swanson's (1977) experimental results show that tabular crystals formed at small
undercooling in a granodioritic melt act as substrata for growth of a few euhedral
plagioclase crystals. There is little reason for tabular crystals to behave very
differently in a basaltic melt. However, because of the faster cooling, the basalt
could be expected to exhibit increased anisotropic growth of plagioclase, resulting
in elongated crystal laths. The importance of the tabular crystals can be readily
demonstrated using three runs conducted by Lofgren (1977) -W-29, W-45, and
W-32 (Table 2; Fig. 6-B,C,D).
W-29, cooled at 2°C/hr after 6 hours at 1280°C, has poikilitic texture. This
run, immediately prior to cooling, contained about 2000 to 6000 crystals/0.01
mm 3 swallow-tail crystals. W-45 had about 6000 crystals/unit volume of which
many were tabular, growing by interface-controlled process. The resulting charge
has an intersertal texture comprised of large plagioclase laths. The only significant difference between W-29 and W-45 before cooling was the presence of the
tabular, >40 µm crystals in the latter charge. These must be the reason for the
appearance of the large laths. W-32 (88 hours at 1280°C) contained even fewer
crystals, most of which, however, were tabular, subsequently formed even greater
numbers of large laths.
W-101 (12 hrs. at 1280°C), W-102 (2 hrs. at 1266°C), and W-103 (12 hrs. at
1265°C) (Table 2; Fig. 5-D,E,F) were all cooled at 10°C/hr. and exhibit
poikilitic texture, very similar to that observed in W-29. Even though the former
charges were cooled after different periods of isothermal heating and from
different temperatures, they all initially had similar abundances of small, <40
µm swallow-tail crystals. Due to the high nucleation frequency and lack of
faceted substrates, further growth of plagioclase crystals upon cooling was
hindered. However, in W-100 (Fig. 5-C), which was held isothermally for 2
hours at 1280°C, the crystal abundance prior to cooling was much smaller than
in the previous charges (Fig. 2), and large portions of the melt were effectively
free of crystals. According to Lofgren ( 1977), growth of large plagioclases would
be expected in the crystal-free areas. However, a poikilitic texture formed. It is
probable that these "crystal-free" areas contained abundant supercritical nuclei,
either newly formed or remnants of unmelted glass particles. Therefore, it is
apparent that a large number of small crystals and other nuclei in the melt
preceeding cooling enhances the formation of poikilitic texture, as was suggested
by Ryder and Bower (1976). Cooling rate alone does not determine the size of
the crystals grown.
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CONCLUSIONS

Detailed experimentation on the nucleation and growth of plagioclase from an
igneous melt has allowed characterization of the magma prior to cooling. The
nature of the crystals in the melt directly preceeding cooling is extremely
important to an understanding of the textures developed. It is now possible to
define conditions necessary for the formation of poikilitic, intersertal, and
porphyritic textures in basaltic rocks.
1) Poikilitic texture, with small crystals embedded in another phase, is
readily produced by cooling a melt comprising a large number of
nonfaceted crystals and/or unfused particles which act as seeds for
heterogenous nucleation.
2) lntersertal texture is formed if there are >40 µm crystals in the melt at
the initiation of cooling. Plagioclase laths become particularly abundant if
most crystals are faceted and the overall number of crystals in the melt is
low.
3) Porphyritic texture is most readily formed by cooling a melt relatively free
from potential nucleation sites.
Gradation between these textures is to be expected if the number of faceted
crystals relative to the small non-faceted ones is increased, or the overall crystal
density in the melt is decreased.
The results of this study add significantly to the understanding of the origin of
basaltic textures, including impact-melt textures such as present in 14310
(James, 1973) or in the matrix enclosing clasts of poikilitic matrix breccias
(Simonds et al., 1973). The 14310 melt after impact most likely contained many
submicron to micron size particles, which with their variation in number and
morphology throughout the melt were precursors for the variety of the textures
present in the rock. Faceted, >40 µm substrates may be sufficient to grow crystal
laths on the order of millimeters in a relatively crystal-free area. The probability
of having nucleation sites all the same size with the same surface morphology is
remote. The fact that 14310 does not contain any phenocrysts, but has textures
ranging from ophitic to subophitic to intersertal, suggests that it formed from a
clast-laden melt such as that generated by an impact process. Chances of
eliminating all nuclei in a large body of impact melt are small; therefore,
porphyritic texture probably cannot form in such an impact-generated melt. The
texture of the Apollo 16 poikilitic rocks suggests lesser degree of melting which
results in retention of many nuclei, thereby facilitating the appearance of many
small crystals.
This study has demonstrated that the nature of the melt directly preceeding
cooling has an important control on textural development, regardless of the origin
of the melt. The number, size, and shape of the crystals present in a melt upon
extrusion can have a drastic effect on the final textures present in the resulting
rocks. For example, a magma extruded without crystals will have a different
cooling history from one extruded with crystals present. In a single lava flow, a
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whole spectrum of cooling histories may arise due to flow, crystal settling, or
relatively rapid nucleation toward the margins. Variations in the number of
nucleation sites and the shapes of crystals within a melt, caused by these factors
will result in different rock textures, independent of cooling rate.
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