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Introduction: The Lohawat achondrite fell at Rajasthan, India on October 30, 1994. Previous studies showed 

that Lohawat is a polymict breccia howardite, a mixture of clasts of eucrite, diogenite and loosely bound regolith 

materials [1, 2]. Small chondrules were reported to be present in the regolith clasts [1]. We present here detailed 

mineral and bulk chemistry, nitrogen and noble gas composition of separated minerals from lithic and 

monomineralic clasts, and fine matrix of Lohawat. 

Methods: Mounted grain were chemically characterized using Cameca SX-5 EPMA at NIO and PRL. Trace el-

ement analyses were performed using ICP-MS (Thermo-X series2) at PRL. Noble gas and nitrogen isotope analysis 

was done using ‘Noblesse’ (Nu Instruments) multi-collector noble gas mass spectrometer at PRL. 

Discussions: Pyroxene shows a wide range of compositions in all the different type of clasts. Green colored 

diogenitic pyroxene generally forms coarse (a few mm) monomineralic clasts. The diogenitic pyroxenes are predom-

inantly high-Mg orthopyroxenes (Mg# 75-83, Wo1-2En73-82) with inclusions of high-Mg clinopyroxene (Mg# 79-82, 

Wo28-31En56-57), chromite (Mg# 19-26, Cr# 79-83) and silica. In the eucritic clasts pyroxenes are finer grained and 

show exsolution lamellae of clinopyroxene in orthopyroxene host and the vice versa. On the basis of pyroxene com-

position eucrite clasts are classified into two types. Pyroxene in Type-1 eucrite clasts are poorer in Mg-content (15-

20% in Mg#) than that of the Type-2. Pyroxene in Type-1 eucrite clasts are mostly orthopyroxene (Mg# 55-58, Wo2-

4En54-56) with clinopyroxene lamellae (Mg# 57-58, Wo6-22En45-54). Pyroxene in Type-2 eucrite clasts are mostly 

clinopyroxene (Mg# 38-43, Wo9-25En33-38) with the orthopyroxene lamellae (Mg# 63-75, Wo2-4En61-73). In Ca-Mg-Fe 

compositional space eucritic pyroxenes are plotted as main-group like (Type-1) and Mg-rich cumulate eucrite-like 

(Type-2) distributions. In regolith, pyroxene has the widest composition range: Mg# 52-83, Wo1-4En50-82 

(orthopyroxene) and Mg# 26-68, Wo7-36En17-63 (clinopyroxene). This implies that matrix regolith material is pulver-

ized mixture of different components. A different type of monomineralic dark green orthopyroxene clast is also ob-

served, it has an intermediate composition (Mg# 67-80, Wo1-5En65-79) between high-Mg diogenitic and low-Mg 

eucritic pyroxenes. These orthopyroxene clasts have inclusion of chromite but are devoid of any exsolved lamellae, 

thus bearing similarity with diogenitic pyroxene. Equilibration temperatures of 940±30 
o
C for Type-1 eucrites and 

830±30 
o
C for Type-2 eucrites were estimated from subsolidus exsolution and host composition of pyroxene using 

QUILF [3]. Plagioclase composition is rather restricted to typical anorthite (Or# 0.1-0.7, An# 88-98) in different 

type of clasts. Partially or fully melted impact spherules (Mg# 43-68) are present in the matrix.  

REE abundance [4] in separated diogenitic and regolith clasts, melt spherules and bulk sample indicates depleted 

nature of the diogenitic clasts. REE trend in the regolith is parallel and similar with the diogenitic clasts except the 

LREEs, indicating that the regolith has mostly been contributed from the diogenites. The glassy spherules are the 

most enriched and have relatively large negative Eu-anomaly. High REE abundance of the melt spherules is similar 

to that of the eucrites (e.g., Piplia Kalan [4]), indicating low-T eucrite clasts were transformed to the melt spherules. 

Study of the noble gases and nitrogen isotopes indicates that planetary type (Ne-HL) and solar wind (Ne-SW) 

trapped gases are present in several separated grains of Lohawat. Presence of solar wind indicates their residence on 

surface. The solar cosmic ray effects in some of the grains support their residence within the upper most layers of 

regolith. The average cosmic ray exposure age of grains using 
21

Nec and 
38

Arc ranges from 25 to 224 Ma. Nitrogen is 

a mixture of more than one component, such as solar wind and indigenous trapped, either interior or impactor de-

rived. Carbonaceous chondrite type of impactor is inferred from simultaneous nitrogen and noble gas study. Perhaps 

the chondrite components were mixed in the pulverized matrix regoliths or in the melt spherules. 

Conclusions: Various degree of thermal metamorphism of the eucrite clasts indicates re-equilibration prior to 

their emplacement on the surface and before becoming part of the Lohawat howardite parent. Presence of diogenitic, 

cumulate and basaltic eucrite materials in the Lohawat mass indicates that a large degree of reworking took place on 

the Vestan surface, which was triggered predominantly by magmatic activity as well as through impact events most-

ly by carbonaceous chondrites. The variability in exposure ages is because of the fact that different clastic and 

regolithic components of Lohawat suffered different duration of exposure to cosmic rays depending on their resi-

dence time on the surface as well as depth in the regolith of Vesta. 
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