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INTRODUCTION. The calculated highlands component in the Apollo 17 soils 
(1) is characterized by two aspects: (a) its composition does not resemble 
that of the Massif-boulders. The calculated highlands component (1,2) consists 
of approximately equal proportions of noritic breccia (e.g., 77135) and anor- 
thositic gabbro (e.g., 77017). The boulders at the Massifs, however, are known 
to be dominantly noritic breccia (3). (b) The calculated highlands component 
ranges in composition from a 60% noritic breccia + 2, 40% anorthositic gabbro 
to 2, 30% noritic breccia + a 70% anorthositic gabbro (1,2). 

The overabundance of anorthositic gabbro in the soils may be due to pref- 
erential comminution of anorthositic gabbro (1). The variability of the high- 
lands component may be due to stratification in the Massifs (i.e., upper levels 
are more noritic and the lower levels are more anorthositic) (1). 

The purpose of this abstract is to offer an alternative suggestion for the 
highlands component in the Apollo 17 soils. 

THE TYCHO HYPOTHESIS. Many craters in the Taurus-Littrow Valley are sec- 
ondaries produced by the impact of debris excavated from Tycho (4-8). 38Arsp 
and 8 1 ~ - ~  exposure ages of mare basalts from stations 1, 5, and 10 date the 
Tycho secondaries at 100 may. (8). 

Perhaps both aspects of the highlands soil component may be at least par- 
tially related to the presence of an exotic highlands component from Tycho. 
The local highlands component can best be described as 60% noritic breccia + 
2 40% anorthositic gabbro. Depending upon how much greater than 60% noritic 
breccia is in the local highlands component, the first aspect (i.e., disparity) 
may be partially resolved. The second aspect (i.e., variability) can be under- 
stood in terms of two highlands end-members being present in the soils. One of 
the end-members is the locally derived component consisting of ?, 60% noritic 
breccia + 40% anorthositic gabbro, while the other end-member is the exotic, 
Tycho component composed of 2 30% noritic breccia + 70% anorthositic gabbro. 

It is important for the reader to understand that the compositional limits 
suggested for the local and exotic highlands components are derived from mixinp 
model calculations. These calculations simply describe the highlands compon- 
ents in terms of two rock compositions (i.e., noritic breccia and anorthositic 
gabbro). The petrology of the actual lithologies in these highlands components 
are not entirely known at this time. 

Apollo 17 drill core. If the plagioclase-rich highlands component in the 
Apollo 17 soils is associated with the Tycho secondaries, then this component 
should occur in appropriate layers in the drill core. 

Neutron fluence data show that the upper 3-meters of the regolith consist 
of two major layers that were deposited 6 100-200 m.y. ago (9). These layers 
may, therefore, be related to the impact of Tycho debris in the Taurus-Littrow 
Valley (6). However, 38Arsp and 21~esp abundance. (10) may not be entirely 
consistent with the two-layer model. 

Chemical analyses of samples from the drill core (11,12) seem consistent 
with the two-layer model. Neutron fluence (9), chemistry (9,11,12), and pe- 
trology (13,14) show the upper l-meter to be dominated by mare basalts. The 
lower unit, which is separated from the upper layer by a mixing interval (9), 
is enriched in Ca relative to Ti (11,12). According to mixing-model calcula- 
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tions, this lower layer consists of Q 50 + 5% (la) highlands materials ranging 
in composition from Q 65% noritic breccia + % 35% anorthositic (i.e., mostly 
local component) to % 30% noritic breccia + Q 70% anorthositic gabbro (i.e., 
mostly exotic component). These specific compositions occur at depths of % 

253 cm and Q 133 an, respectively. Highlands materials with intermediate com- 
positions, which probably represent a mixture of the local and exotic compon- 
ents, occur at depths of Q 173 cm, Q 213 cm, and Q 289 cm. 

Therefore, the Apollo 17 drill core, which penetrates regolith probably 
associated with the Tycho secondaries, exhibits both aspects of the highlands 
soil-component that have been observed at other locations in the Taurus-Littrow 
Valley (1,2,15). Detailed examination of the highlands lithologies in the 
drill core should provide an important test of this Tycho hypothesis. 

Surveyor VII revisited. surveyor VII soft-landed Q 30 km north of Tycho's 
rim (40.95OS, 11. 41°W) on January 10, 1968. In addition to alpha-backscatter- 
ing, chemical analyses (16), % 21,000 TV images were transmitted to Earth. Al- 
though the chemical analyses (16) have large standard deviations, they suggest 
that the landing site is compositionally more similar to ANT highlands (e.g., 
Apollo 16, Luna 20) than to KREEP highlands (e.g., Apollo 14). 

If the plagioclase-rich component in the Apollo 17 soils originated from 
Tycho, then Tycho ejecta might be expected to contain the appropriate litholo- 
gies. Initial examinations (17,18) of the Surveyor VII TV images indicated 
that the area was lithologically diverse. Angular to rounded, white boulders 
appear to be an important group. While the white color probably indicates that 
these rocks are plagioclase-rich, their chemical composition isr of course, un- 
certain. Typical examples of this lithology occur in the following images: 
day 015 12:16:38 GMT; day 018 12:16:22 GMT. 

Apparently, Tycho excavated a large proportion of plagioclase-rich rocks. 
However, if Tycho penetrated a layered highlands-sequence, the composition of 
debris ejected into suborbital trajectories to Taurus-Littrow may not resemble 
materials deposited within Tycho's continuous ejecta blanket. Therefore, cau- 
tion is required in drawing inferences about a hypothetical Tycho component at 
Taurus-Littrow from inspection of Surveyor VII TV images. 

Apollo 17 anorthositic gabbros. If some of the anorthositic gabbros at 
Apollo 17 are from Tycho, they should be different from those that occur as 
xenoliths in local noritic breccias. In particular, their petrology, ancient 
meteorite components, chemistry, and ages might be distinct (Table 1). 

In view of the proposed age of % 100 m.y. for the Tycho secondaries (8) 
it may be significant that 77017 and 78503,7,1 have 38Arsp exposure ages of s 
80-90 m.y. However, disagreement presently exists as to the exposure age of 
77017. Furthermore, recognition of a Tycho-component by exposure ages of com- 
plex highlands samples can be difficult because these ages can be the product 
of multistage, surface histories (19). 

Four of the samples in Table 1 have been analyzed for an ancient meteorite 
component. However, only 77017 and 78155 contain identifiable meteorite groups. 
Those occurring in 77017 and 78155 are not equivalent to the Serenitatis pro- 
jectile (group 2). 77017 has the 5H group which has been tentatively assigned 
to the Nectaris projectile (20). The group 6 component in 78155 may be from 
the Nubium pro ' ectile (20) . 3 The 40~r/ 9Ar ages (Table 1) have a cluster at % 4.25 AE. Perhaps, this 
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is the age of a large event in the southern highlands. However, until more 
data are available to critically examine the Tycho hypothesis, inferring ages 
of pre-Tycho events in the southern highlands is only speculation. 

In summary, two distinctive characteristics, in addition to whole-rock 
chemistry, may occur in some Apollo 17 anorthositic gabbros: (a) occurrence of 
a non-Serenitatis meteorite-component; and (b) possible clustering of 40Ar/39Ar 
ages at % 4.25 AE. However, at present, caution should be exercised in regard- 
ing this information as support for the Tycho hypothesis. 

CONCLUSIONS. Both chemical characteristics (i.e., disparity and varia- 
bility) of the Apollo 17, highlands soil-component may be at least partially 
related to Tycho. If this hypothesis is correct, identification and analysis 
of the exotic lithologies could provide quantitative information concerning the 
chemistry and evolution of the remote, southern highlands. 
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Table 1. Apo l l o  17 a n o r t h o s i t i c  gabbros 

3 8 ~ r  
S P 40~r /39~ r  M e t e o r i t e  

Exposure Age (10' y r )  Age Pe t ro logy  Component 

Sample Age ( l o 6  y r )  Reference Reference (Ref .20,33) 

73263,1,1 4.21 + 0.01 (21) 
73263,1,6 4.24 + 0.05 (21) 

(27)  

76535 154 + 9 
(27)  

4.26 + 0.02 (22)  (28,29) Absent 
7701 7 80 c 10 4.05 + 0.05 (23)  (30) 5H 
7701 7 224 + 20 3.97 + 0.02 (24)  
781 55 30 4.22 + 0.04 ( 2 5 j  6 
78503,7,1 84 c 3 4.13 + 0.03 (26)  
78503,13,A 290 + 35 4.28 + 0.05 (23)  

(31 

7921 5 
(23) 
(32)  Uncer ta in  
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