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Introduction. The distribution and geological provenance of rock types at the Apollo 14 
landing site have not been studied quantitatively in the context of the selenological history 
of this area since the concept of regional thermal metsmorphism of the Era nauro breccias ( I )  
was abandoned (2, 3) and the new classification of highland rocks has been introduced (4). 
Therefore, the composition and stratigraphy of the Fra Uauro Formation has remained uncertain 
until now. The "Cone crater Consortium" attempts to reconstruct the stratigraphy and composi- 
tion of the subregolith basement and to assess the suite of pristine igneous rocks from which 
the polymict breccias are derived in the course of the pre-Imbrian history. The latter is 
achieved through mixing calcul.~tions in which chemicslly well characterized pristine rocks are 
used (e.g. 5, '61,. 

Samples and methods of investigation. The following samples from inside and outside the 
eject. blanket of Cone crater have been analyzed by I N M  ( U P 1  Mainz), by the ' h r - " ~ r - a ~ e  
dating technique ( W I  Heidelberg) and by microscope/microprobe (Univ. niinster): 14051, -068, 
-069, -070. -311 (crystalline melt breccias), -074. -079, -431 (basalts). -434 (gabbronorite). 
179 (granulite), and lithic clasts (7) of fragmental breccia 14063 (microprobe only). 

Chemistry and mixing calculations. Some chemical characteristics of the large rock samples 
are given in Figs. I and 2. Fig. 2 and Figs. 3-5 of the companion abstract (7) present 
additional data for these samples and the 14063-lithic clasts. Following the rationale discus- 
scd in ( 8 )  we selected suitable pristine igneous rocks identified in the Apollo 14 breccias 
recently by several authors as potential mixing components for the polymict breccia samples 
(Figs. I and 2; and Figs. 3-5 of (7)). The calculations were made by means of the Hm-program 
of (9) described in (8) on the basis of 7 major elements (Al. Ca, Hg, Fe, K, Na. Ti) and 0-7 
minor elements (Cr, Sc, Co. Ni. Ba, Sm. Yb). The mixing components (5,6,10,11.12,13,14) are 
also plotted in Figs. I and 2. 

A comparison of the calculated proportions of mixing components contained in the typical 
Cone crater fragmental breccias (e.g. 14063) with the components in the large rock samples 
( 14068, 143 11, 143 10) and in the soil (e.g. 14 14 1 near Cone crater) reveals the following 
conspiciuous characteristics: (a) The 14063-matrix and the major groups of melt breccia and 
"glass" clasts within 14063 (see 7) are virtually free of the gabbronorite (GANO) and norite 
(NO) components and relatively poor or free of KREEP except for one type of melt breccias 
(groups 6-8 of (7)). Instead, they are rich in alkali anorthosite .(AAN), aluminous basalt 
(HAB), and troctolite components (T and ENT); dunite (DU) is variable; (b) The large melt 
breccia samples, and the soil 14141 are rich in z, NO, or CAN0 or HAB but typically low in 
M N  and variable in magnesian anorthosit-5 and dunite. The granulite 14179 is the litholo- - 
gy richest in M N  and DU. 

On the basis of the frequency distribution of lithic clasts in 14063 (7) we have calcu- 
lated the proportions of primordial igneous rocks in the pre-Imbrian crustal section of the 
moon from which the fragmental breccias of the 14063-type were derived by multiple impact 
processes (Fig. 3). According to Fig. 3, the primordial source region of the 14063-lithologies 
was composed of more than 50% anorthosites (predominantly alkali anorthosite), 25% troctolites, 
and 14.5 Z aluminous "mare-type" basalt. This is in distinct contrast to the source region of 
the large Apollo 14 surface samples: A preliminary calculation based on the frequency distri- 
bution of rock types given by (15) yields approximately 18% alkali and magnesian anorthosite, 
43% norite. 12% gabbronorite and 27% aluminous basalt. Both Apollo source regions are in sharp 
contrast to the pre-Nectarian source area of the Apollo 16 Descartes materials (8) which are 
dominated by ferroan anorthosite (Fig. 3). 
Ages of breccias and basalts. Results of the " ~ r -  ''~r age determinations are given in Table I 
(16). Three of the five dated impact melt breccias (051, 068, 070) and the granulitic rock are 
Cone crater ejecta whereas the exposure ages of the remaining 2 melt brecias, 3 basalts, and I 
gabbronorite are > 100 m.y.. The distribution of ages confirms the bimodal age distribution for 
Apollo 14 rocks found previously (see review in 17). This vhole age range is also represented 
in the Cone crater ejecta alone. Notably, the impact melt breccias and basalts are all re- 
stricted to the younger age group (<  3.85 AE) whereas the gabbronorite and granulitic rock are 
older than 3.92, although a 4.2 AE old "mare basalt" which is rather an 01-gabbronorite has 
been discovered (18). In all cases relict phases are not apparent in the age spectra of the 
breccias. 
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Interpretations. It has been argued in the companion abstract (7) that the Era Mauro 
Formation near Apollo 14 probably consists of two different lithological units. Both may be 
fragmental "megabreccias". One type is represented by the 14063164 - 14082183 fragmental 
breccia group whose lithic clasts are distinctly different from the clasts of the second type. 
The latter appears to be represented in the sample collection only by its lithic clasts which 
are the large rock samples - mainly KREEP-rich crystalline impact melt breccias and aluminous 
"mare-type" basalts - collected throughout the landing site. The petrographic and chemical 
similarities of these rocks to the regolith indicate that the second megabreccia unit forms the 
upper section of the subregolith basement. Cone crater has excavated both units within a -32 
meter deep section-. The observed bimodal age distribution may reflect an age difference in the 
clast populations of the two types of megabreccias. The two units are most probably represent- 
ing the continuous megabreccia deposits of at least two of the youngest major local impact 
craters in the Apollo 14 area, the Phase IC-craters of (19). One of the two deposits would be 
dominated by a major impact melt sheet of high-K-KREEP-composition. The other, the parental 
unit of 14063164 - 14082183, is much richer in anorthosites and more probably constitutes a 
highly polymict ejecta blanket. Blocks of both units have been incorporated into the Imbrium 
base surge and deposited together with Imbrium ejecta at the Apolld 14 landing site. 
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Plateau age Exposure age 
AE 

impact melt 
breccias 

1405 1 3.77 20.03 
14068 3.80 20.01 
14069 3.80 20.02 
14070 3.73 20.02 
143 1 1  3.85 20.01 

basal ts 
14074 3.80 iO.01 
14079 3.81 20.01 
1443 1 3.85 20.02 

granulite 
14 179 3.97 20.01 

gabbronorite 
14434 3.92 20.01 
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