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VOLCANISM IN THE NECTARIS BASIN AND A PROBABLE 2.0 Ga AGE FOR 
CRATER THEOPHILUS? -- Gregory A. snyderl, Chris M.  all^, Lawrence A. ~ a ~ l o r l ,  and 
Alex N. ~ a l l i d a y ~ ;  l~ l ane ta ry  Geosciences Institute, University of Tennessee, Knoxville, TN 37996; 
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High-Ti basalts from the Apollo collections span a range in age from 3.87 Ga to 3.55 Ga. The oldest of these 
are the common Apollo 11 Group B2 basalts which yields evidence of some of the earliest melting of the lunar 
mantle beneath Mare Tranquillitatis. Rare Group D high-Ti basalts from Mare Tranquillitatis have been studied in 
an attempt to confirm the postulated hk with Group B2 basalts [I]. 40~r/39Ar ages have been determined on one 
known Group D basalt and a second postulated Group D basalt using a continuous laser step-heating procedure [2]. 
Three separate runs of known Group D basalt 10002,116 yielded 40Ar/39Ar plateau ages of 3798 + 9 Ma, 3781 2 8 
Ma, and 3805 2 7 Ma (all errors 20). Furthermore, this sample has apparently suffered si@cant 40Ar loss at an 
event around 2.0 Ga, possibly due to effects of formation of a major early Copernican impact [3], such as that 
which formed the nearby crater Theophilus. Thus, Group D basalts from the Apollo 11 landing site may not be 
indigenous and could be ejecta from the Nectaris basin. Another suspected Group D basalt, 10002,1006, yielded 
disturbed age spectra on two separate runs, probably due to 39Ar recoil effects. Using the "reduced plateu age" 
method of Turner et al. [4], the ages derived from this sample were 3898 + 19 and 3894 + 19 Ma. 
INTRODUCTION - Five separate groups of high-Ti basalts have been recognized from returned samples from 
Mare Tranquillitatis (Apollo 11 landing site): Groups A, B1, B2, B3, and D. Group A is characterized by high K 
(> 0.2 wt.% K20) and REE (La = 20-34 ppm) and is the youngest with an average of age of 3.59 2 0.04 Ga [5]. 
This group may be the crystallization products of a parent similar to the Apollo 17 orange glasses [I]. Groups B1 
and B3 exhibit low K (<0.12 wt.% K20) and REE (La = 4 -10 ppm) and have similar average ages of 3.67 t 0.02 
and 3.71 + 0.02 Cia, respectively [5]. Group B2 basalts are characterized by relatively high REE (La = 10 - 24 
ppm), yet low K (<0.08 wt.% K20), and are by far the oldest group of high-Ti basalts found in the Apollo 
collections, with an average age of 3.85 2 0.02 Ga [5]. However, actual ages for Group B2 basalts range from 3.83 
+ 0.03 Ga (40Ar139Ar; [6]) to 3.88 + 0.06 Ga [7]. Jerde et al. [l]  hypothesized that Group B2 basalts represented 
the parents to the more REEenriched (La = 32-34 ppm) Group D basalts. In this model, Group D basalts would 
be derived from Group B2 basalts by simple addition of whitlockite (i.e., trapped liquid). However, age 
information on the Group D basalts was nonexistent. Therefore, the purpose of this study was to determine 
ages on a known Group D basalt (10002,116) and a suspected 10002/116 
Group D basalt (10002,1006) [8]. 500 

40Ar/39Ar AGES: CONNECTION TO GROUP B2 400 

BASALTS - Age spectra have been determined on three 
300 

separate runs of Group D basalt 10002,116 (Fig. 1) and two 
runs of a suspected Group D basalt, 10002,1006 (Fig. 2) [8]  ' 200 

All ages were calculated assuming an initial 40Ar/36Ar ratio loo 
of 1.17, which was derived from isochron analysis of the high 
temperature fractions of the comparatively 3 6 ~ r - r i ~ h  sample 
10002,1006. The assumed initial 40~r/36Ar ratios is nearly 4000 

unity and is similar to values measured for a solar-wind 
component (e.g., [9-101). The age spectra for sample 3500 

10002,116 exhibit plateau segments over the last 70% to 80% 
of the 39Ar gas release. The three runs yield plateau ages of 
3798 2 9 Ma, 3781 2 8 Ma, and 3805 2 7 Ma, with a .: 3000 

weighted average of 3795 + 14 Ma [all errors 20). The ages -? 
determined for 10002,1006 are similar (within analytical 

2500 
uncertainty) to an age of 3.83 + 0.03 Ga determined for 
Group B2 basalt 10029. Therefore, it is indeed possible that 
a magma similar to the high-Ti Group B2 basalts was 2000 

parental to the Group D basalts. 
The age spectra for two runs of suspected Group D 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 

basalt 10002,1006 both show a sigruficant sag to lower Fraction of 3 9 ~ r  Released 
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apparent ages for the high temperature fractions (Fig. 2). 
10002/1006 

500 
Given the extremely large range of CaK values for minerals 
in this sample, plus the likely small grain size of the K- 

400 bearing phases, we suspect that this non-ideal behavior is due 
Y 300 to internal re&stribution of 3 9 ~ r  caused by recoil. Therefore, 
\ 

3 200 
we have used a technique, detailed by Turner et al. [4], to 
calculate "reduced plateau" ages, which minimizes the effects 

100 of 40Ar loss from low-retentitivity sites, while at the same 

o time averaging-out the effects of 39Ar recoil between phases 

4000 with contrasting Ca and K concentrations. The reduced 
plateau ages are 3900 + 18 Ma and 3894 + 19 Ma (average = 
3897 + 13 Ma), and these ages are only slightly greater than 

3500 the total gas ages of 3880 + 19 and 3879 + 19 Ma, 
A respectively. 
5 7 3000 

The apparent age of sample 10002,1006 is sigdicantly 
higher than the measured age for Group D basalt 10002,116 z and is in excess of those reported from most Group B2 

2500 basalts. However, the average 40Ar/39Ar age of 3896 + 13 
Ma is similar to a Sm-Nd internal isochron determined for 
basalt 10062 [7] -- 3880 2 60 Ma. Basalt 10062 was 

2000 considered to be unclassified [ l l ] ,  but it is most similar in 

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 
terms of petrography and chemistry to the Group B2 basalts. 

Fraction of 3 9 ~ r  Released 
It is possible that 10062 is an early manifestation of the 
Group B2 basalts at Mare Tranquillitatis and that 10002,1006 

is also an evolved derivative of these early melts. Conversely, the "age" of 10002,1006 could correspond to that of 
a extensive group of impact melts generated at about this time [12]. 
2.0 Ga 4 0 ~ r  LOSS "AGE": FORMATION AGE OF CRATER THEOPHILUS? - Group D basalt 
10002,116 has suffered siguficant 40Ar loss at 2.0 + 0.1 Ga amounting to 10-20% of the total 40Ar. Young 40Ar 
loss ages of approximately 2.0 Ga age have been reported in KREEP basalt samples from the Apollo 15 landing 
site [3]. These young "ages" were used as evidence of the formation age of the nearby crater Autolycus and as a 
basis to re-calibrate lunar stratigraphy [3]. Based on this re-calibration, Ryder et al. [3] set the beginning of the 
Copernican system at 2.1 Ga, rather than the previously suggested age of 1.1 Ga. Using this revised chronology, 
our 2.0 Ga 40Ar loss "age" for 10002,116 would be placed at the beginning of Copernican time. But what event 
does this 2.0 Ga "age" reflect? 

Approximately 350 km south-southeast of the Apollo 11 landing site lies a rather large crater, Theophilus. 
This crater is 100 km in diameter and is estimated to be about 260 m deep [13]. In a study of Apollo 16 soils and 
rocks and drill core, Delano found a si@cant mare component which was similar to Apollo 11 hlgh-Ti basalts. 
Based on the proximity of Theophilus secondary-craters (within 10 km) he suggested that much of this mare 
component was derived from the Nectaris basin during the impact which formed the crater Theophilus 1141. Based 
on telescopic mapping, ray-cluster craters of Theophilus also occur within a few km of the Apollo 11 landing site 
[13,15]). Furthermore, Theophilus is nearly equidistant from both the Apollo 16 and Apollo 11 landing sites. It is 
considered likely that the impact which created Theophllus was the cause of the 4 0 ~ r  loss in Group D basalt 
10002,116. This impact may have excavated the Group D basalts from the Nectaris basin and transported them to 
the Apollo 11 landing site where they are found, albeit rarely, in breccia and soil samples. Therefore, it may be 
possible to indirectly date the age of the impact which formed Theophilus a t 2 0  Ga. 

REFERENCES: [ l ]  Jerde, E.A. et al. (1994) GCA 58, 515-527; [2] Layer, P.W. et al. (1987) Geophys. Res. Lett. 
14, D757-D760; [3] Ryder, G. et al. (1991) Geology 19, 143-146; [4] Turner, G. et al. (1978) PLPSC 9th, 989- 
1025; [5] Snyder, G.A. et al. (1994) GCA 58,4795-4808; [6] Guggisberg et al. (1979) PLPSC loth, 601-615; [7] 
Papanastassiou, D. et al. (1977) PLPSC 8th, 1639-1672; [8] Snyder, G.A. et al. (1994) LPSCXXV, 1299-1300; 
[9] Ozima, M. & Podosek, F.A. (1983) Noble Gas Geochemistrv, Cambridge Univ. Press, 365 pp.; [lo] Shaeffer, 
O.A. et al. (1976) PLSC 7th, 2067-2092; [ l l ]  Beaty, D.W. & Albee, A. (1978) PLPSC 9th, 359-463; [12] Ryder, 
G. (1990) EOS 71, 322-323; [13] Wilhelms, D. (1987) USGS Pro$ Paper 1348, The Geologic Historv of the 
m; [14] Delano, J.W. (1975) PLSC dth, 15-47; [15] Grolier (1970) USGS Map 1-619. 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 


