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Introduction:  Basaltic eucrites are generally con-

sidered to have formed at, or near, the surface of the 

eucrite parent body (EPB). Most basaltic eucrites have 

experienced various degrees of thermal metamorphism 

and/or impact events on the EPB [1, 2]. To constrain 

the early thermal history of the EPB, unweathered me-

teorites, which display relatively small degrees of 

brecciation, need to be investigated. Northwest Africa 

(NWA) 7188 is one such eucrite. However, to date 

relatively little petrological or geochemical information 

has been obtained for this important sample. We have 

previously determined the mineral isochron ages using 

the 
147

Sm–
143

Nd and 
146

Sm–
142

Nd systems for this me-

teorite [3], and concluded that the age that was ob-

tained, which most likely corresponds to the timing of 

the EPB’s crustal formation, was older then the Sm–Nd 

age of cumulate eucrites.  

Here we discuss the results of new study of NWA 

7188, which examines its geochemistry, petrology, and 

Sm-Nd chronology, with the aim of understanding the 

origin of this meteorite and more generally, the thermal 

history of the EPB’s crust. To this end, we have deter-

mined the oxygen isotopic composition of NWA 7188 

to confirm whether it represents an isotopically normal 

member of the HED suite. The origin of NWA 7188 

meteorite is examined from the perspective of both the 

bulk rock and its constituent minerals. Furthermore, we 

revise the 
147

Sm–
143

Nd and 
146

Sm–
142

Nd ages of NWA 

7188 and so place additional constraints on the timing 

of igneous activity on the EPB and the formation of its 

basaltic crust. 

Samples:  In addition to the sample specimen pre-

pared for our previous study [3], we used a new 7 g 

chip of NWA 7188 for the mineralogical observations 

and oxygen isotope analysis discussed here. For the 

mineralogical observations, the chip was cut into a 

small slab (1 in. × 1 in.) and embedded in an epoxy res-

in disk. The sample surface was polished successively 

by 3, 1, and 1/4 µm diamond paste. For the oxygen 

isotope analysis, we cut a ~1 g fragment from the rock 

chip. This was subsequently crushed and homogenized 

and ~2 mg aliquots were then taken for oxygen isotope 

measurements. 

Experimental:  The polished thick section was ex-

amined using an electron microprobe analyzer (EPMA) 

(JEOL-JXA-8530F) installed at Tokyo Tech. Oxygen 

isotope analysis was carried out using an infrared laser 

fluorination system at the Open University following 

the procedures described in [4]. The major (Fe, Mg, Ti) 

and trace element (REEs) bulk rock abundances of 

NWA 7188 were measured by a quadrupole type ICP-

MS installed at Tokyo Tech. In addition, we revised the 

previously obtained 
147

Sm–
143

Nd and 
146

Sm–
142

Nd ages 

of NWA 7188 [3] by additionally measuring the frac-

tions of magnetic and non-magnetic minerals of which 

the grain size was < 45 µm. The analytical protocol for 

the determination of Nd isotope ratios and Sm/Nd rati-

os was the same as [3].  

Results and Discussion:  Fig. 1 shows the oxygen 

isotope composition of NWA 7188 obtained in this 

study, along with the data for other HED samples com-

piled by [5]. The δ
17

O, δ
18

O, and Δ
17

O values of NWA 

7188 are 1.968 ± 0.008‰, 4.224 ± 0.016‰, and –

0.245 ± 0.017‰ (2SD), respectively. Δ
17

O, which rep-

resents the deviation from an assigned reference frac-

tionation line, has been calculated according to the 

formulation of [6]. The slope of the assigned reference 

line used is 0.5247 [6]. The Δ
17

O value is similar to the 

average HED value (Δ
17

O = –0.240) defined by [5]. In 

addition, we previously reported that NWA 7188 has a 

similar Fe/Mn ratio in pyroxenes to that of other 

eucrites [3]. These results indicate that this meteorite is 

a normal member of HED suite. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1 Oxygen isotopic composition of eucrites. EFL 

represents Eucrite Fractionation Line (average Δ
17

O = 

− 0.240 ± 0.014, 2σ) reported in [5]. 

 

As shown in Fig. 2, the REE pattern of the bulk 

NWA 7188 sample is characterized by the elevated 

REE abundances (~20 × CI) with a prominent Eu nega-

tive anomaly (Eu/Eu
*
 = 0.57) and a relative depletion of 

HREEs (Gdn/Lun = 1.3). In addition, the sample has 
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elevated La and TiO2 abundances at a given FeO/MgO 

ratio compared to the main group–Nuevo Laredo 

eucrites. These chemical characteristics suggest that 

NWA 7188 should be classified as a member of the 

Stannern group eucrites. The EPMA analysis of the 

polished thick section indicated that remnant Ca-zoning 

and exsolution lamella of augite in pyroxene (Fig. 3a), 

is consistent with a type 4 metamorphic grade [7] for 

NWA 7188. In addition, elemental mapping of Zr re-

vealed the presence of small zircon grains in this mete-

orite, with typical sizes of < 5 µm, but with a maximum 

size of ~20 µm (Fig. 3b). The maximum size of zircon 

in NWA 7188 is consistent with that found in the 

Stannern meteorite, which also has a type 4 metamor-

phic grade [8, 9].  

The 
147

Sm–
143

Nd and 
146

Sm–
142

Nd ages updated in 

this study yielded 4582 ± 190 Ma (MSWD = 1.1) and 

4553 
+17

/–20 Ma (MSWD = 1.9), respectively. To iden-

tify the thermal event that corresponds to the 
146

Sm–
142

Nd age, the Sm–Nd closure temperature (Tc) of pla-

gioclase was estimated because it potentially has a low-

er Tc than the other major minerals used in Sm–Nd da-

ting. In the calculation, we applied the diffusion param-

eters of [10], the diffusion equation of [11], and the 

cooling rate of 0.2 °C/yr estimated from [12]. As 

shown in Fig. 4, the closure temperature for Nd in pla-

gioclase was obtained to 925–1070 °C, which was 

equal to or slightly lower than the solidus temperature 

of basaltic eucrites (~1060 °C, [13]).  

The 
146

Sm–
142

Nd age of NWA 7188 obtained here 

is the oldest among basaltic eucrites reported in previ-

ous studies, indicating that this meteorite did not suffer 

significant resetting during later impact events. Howev-

er, the age is substantially younger than the crystalliza-

tion age of the main group eucrite Juvinas that was 

estimated from the 
53

Mn–
53

Cr mineral isochron (4562.5 

± 1.0 Ma, [14]). Rather, the 
146

Sm–
142

Nd age of NWA 

7188 coincides with the Pb–Pb age of zircons in the 

basaltic eucrite Agoult (4554.4 ± 1.7 Ma, [15]) that 

most likely indicates the timing of global crustal meta-

morphism. Therefore, the age obtained from NWA 

7188 suggests that either the timing of crystallization 

for the Stannern group eucrites postdates by ~10 Myrs 

the formation of the EPB’s crust, or the crystallization 

age of NWA 7188 was reset by the global metamor-

phism that occurred at 4554 Ma. If the latter is the case, 

the peak temperature of the global metamorphism was 

near the solidus of basaltic eucrites and so was high 

enough to disturb the Sm-Nd isotope systematics of 

plagioclase in NWA 7188. 
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Fig. 2 REE patterns of NWA 7188 (this study) and the 

other basaltic eucrites [16, 17]. 

 

 

 

 

 

 

 

 

 

Fig. 3 Backscattered electron images of (a) pyroxene 

with Ca-zoning and augite lamella and (b) the largest 

zircon grain including circumjacent minerals.  

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4 Closure temperature for Nd in plagioclase. Blue 

area represents typical size of plagioclase.  
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