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LUNAR HIGHLANDS TOTALITY FROM BITS AND PIECES: A WHOLE-ROCK-CHEMISTRY- 
FREE CHARACTERIZATION OF AN EVOLVED HYPABYSSAL IGNEOUS GABBRO SCHLIEREN 
FROM THE APOLLO 17 LANDING SITE. Graham Ryder, Lunar and Planetary Institute, 3600 Bay 
Area Boulevard, Houston, TX 77058. 

The study of the lunar highlands is complicated at the sample scale because samples were collected 
from several sites whose relationships are uncertain. Further, those samples were collected as fragments 
from the regolith, hence have little field control. Further still, those samples are almost all at least 
cataclasized, and most are brecciated or melted. Continuing the hierarchy of knowledge fragmentation, 
most samples have been inadequately studied, such that only partial data bases are available for them, 
e.g. some have virtually only trace element chemistry. In many fragments for which bulk chemical data 
is available, insufficient use has been made of constraints from petrographic observations and mineral 
chemistry. The present abstract describes briefly a gabbro clast from an Apollo 17 sample that appears 
to be a very significant lithology, but for which only partial data, derived from petrographic 
observations, is ever likely to be available; the question then is how much we can read from this gabbro 
about the highlands as a whole. 

Lunar sample 73 155, from the South Massif landslide, was described by the Preliminary 
Examination Team, and two serial thin sections were made. However, no description of this sample has 

Figure 1. Photomicrograph of 73 155,29. 
Plane polarized light, width of view 
about 2 mm. Top is the gabbro. Bottom 
is the melt matrix. 

Figure 2. Photomicrographs of 73 155,29. 
- 

Crossed polarized light, widths of view 
about 112 mm. a) inclusion and melt-rich 
composite Fe-augite grain. b) zoned and 
reacted pigwnite grain. 

Figure 3. Compositions of pyroxenes in 
73 155,29, with evolved pyroxenes from 
Apollo 15 rocks (data from [3]) for 
comparison. 
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ever been published other than a reference to a granoblastic impactite clast [1,2]. My own inspection of 
the thin sections shows that 73 155 (at least the part sampled) is a very fine-grained poikilitic impact 
melt (bottom of Fig. I), probably of low-K Fra Mauro composition. However, its main point of interest 
is an evolved gabbro semu stricto (top of Fig. 1) that occurs as a schlieren or fragmented clast about 8 
mm long. The schlieren or clast consists of plagioclase and pyroxene in subequal amounts, and 
clinopyroxene is rather more common than pigeonite. My attention was drawn to this clast by the 
clinopyoxene, much of which is distinctively riddled with inclusions of sulfide and silicic glass with 
potash feldspar (Fig. 24.  Other phases present include ilmenite and silica, both of low abundance, and 
glass, both colorless and brown, apart from that in the clinopyroxenes. A reliable mode may never 
become available: 1) the schlieren may not be entirely monomict, because the granoblastic impactite of 
[1,2] appears to be mixed with this clast, and other polygonalized plagioclase is also present, and 2) the 
schlieren is pervaded by the impact melt matrix which has partly reacted with the clast phases. 

Most of the grains have been fragmented to less than half a millimeter, but many plagioclases have 
a grain-size greater than that. These are generally fairly angular grains. A few pyroxenes retain a 
similar grain size. Shock features are not particularly apparent; the plagioclases are twinned and no 
maskelynite is present. The original lithology thus appears to have been an igneous rock with a grain 
size of more than half a millimeter, with some interstitial glass. 

Exploratory microprobe analyses have been made on the schlieren in 73155,29. The mineral 
chemistry shows that the gabbro is fairly evolved, with pyroxenes more iron-rich (En about 55-30) and 
plagiclases more sodic (Ab mainly about 82) than ferroan anorthosites. The compositions extend into the 
range of evolved hypabyssal rocks from the Apollo 15 site (Fig. 3)[3]. Perhaps significantly, the 
pyroxene solvus is similar in width to that of those Apollo 15 rocks, indicating a similar thermal 
history. Some of the pyroxenes also show thin exsolution lamellae (more prominent in the pigeonite), but 
not as prominent as that in the Apollo 15 rocks. The spread of pyroxene compositions shown in Fig. 3 is 
expressed both as differences among grains and as zoning within grains. Several clinopyroxene grains 
are composite. Some of the zoning appears to be abrupt (Fig. 2b), a rare feature in lunar rocks. It is 
clear that the growth of pyroxene was complicated. A complicating factor is the reaction with the 
impact melt. This has produced rims on some grains (e.g. Fig. 2b), and it remains to be worked out how 
much of the complicated zoning is primary and how much is a result of the reaction. Most features, 
including the presence of both zoning and exsolution in single grains, suggest an original hypabyssal 
origin for the gabbro; reaction is not likely to have completely produced the wide range in pyroxene 
compositions nor the width of the solvus. 

The clinopyroxenes that contain sulfide and silicic glass tend to be the more iron-rich ones 
(En35Wo35). Most grains are composite, consisting of two or three subgrains less than about 500 microns 
across with different optical orientations. Even the subgrains have structure: each patch about 100 
microns across between thin strings and pockets of silicic glass and sulfide is concentrically zoned from 
a more magnesian core to a more iron-rich rim. 

The plagioclases analyzed have bimodal compositions. Some are about An82-84 with 0.1 to 0.25 wt % 
FeO, and include millimeter-sized single grains and plagioclases attached to evolved pyroxene and silica. 
Others are An92-95 with about 0.05 wt 96 FeO, and are exclusively plagioclase-only fragments. One of 
these is a polygonal plagioclase. These may be unrelated to the gabbro lithology, but they are not 
uncommon. 

The gabbro is potentially important because it is a rare rock type that might for instance represent 
part of the "missing" component in highlands rocks, which is an iron-rich gabbro in composition. 
However, this particular example, which will receive more characterization than this preliminary one, 
will probably remain both significant and frustrating. Any chemical analysis will be difficult to obtain 
because of the intimate mixing with melt, and an age might be compromised by reaction. Clearly sample 
73155 as a whole requires reinspection and study, in particular for other examples that might be less 
compromised. The gabbro can elucidate lunar igneous evolution, but its reconstruction will require very 
careful work. 
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