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Introduction. The DLR-Goniospectrophotometer is able to measure high quality multispectral 
phase curves of regolith-like mineral powders in the UV, VIS and NIR (phase angle 3" -110°, 
wavelength range 270 nm -1 100 nm, spectral bandwidth 10 nm - 20 nm, see [ I ]  for a description of the 
method and the instrument). The Hapke model [2,3] has been fitted to such phase curves in a 
straightforward process, where it was not necessary to constrain the parameter space in order to produce 
unambiguous solutions [4]. Analysis of these sets of spectral Hapke-parameters leads to the results 
listed in a parallel paper [5]. These results are consistent with results obtained by other authors from the 
analysis of remote sensing data and of data from lunar samples. [6,7,8] 

Having shown that our method to determine sets of spectral Hapke-parameters is accurate, the 
spectral single scattering albedo (SSA) was used to test the abundance model for intimate mixtures, as 
proposed by Hapke (equation 17 in [2]). This method has been investigated by many research groups 
and most recently by Mustard and Pieters [9,10]. We can show [ I  11 that converting the spectral SSA to 
mineral abundances leads to results comparable to those derived from the experiments of Mustard and 
Pieters [9,10]. In addition, we can confirm their suggestion [ lo],  that if high quality photometric data are 
available it is possible to use the method even for the "most difficult mixtures". 

Sample Material. The four endmembers in these experiments include Bronzite, Augite, Bytownite 
and the fine-grained metal Nickel (see Tab.1). The samples.were selected to cover a wide range of 
photometric and microstructural properties. From these samples 3 binary mixtures and a ternary mixture 
were produced. SEM images were taken from each sample to determine the effective grain size (i.e., 
the mean geometrical cross section in an intimate mixture) and the microstructural properties of the 
samples. 
Table 1. Physical and photometric properties o f  the endmembers 
sample 

BR1 
AU1 
BY1 
NI1 

Data reduction. The Hapke-model was fitted seperately to each of the 560 monochromatic phase 
curves (70 channels per sample). The spectral SSA of each mixture and its endmembers were taken 
as input for a test of the abundance model. For testing the model the weighted combination C F , o l l C  F, 
(F, = unknown geometric cross sections, o, = SSA of the endmembers) was fitted to the spectral SSA 

of the individual mixtures (the residual of a sample fit is shown in Fig. 1). From these fits the unknown 
geometrical cross sections, F , ,  are obtained. Using the equation F, = M,l(p,d,) ( M I  = unknown mass 
fraction, p, = density, see Tab. 1, dl = effective grain size, see Tab. 1, i = sample index) the unknown 
mass fractions were calculated. 

Results. The actual and calculated geometric cross sections and mass fractions are compared in 
Tab. 2. The absolute difference of the actual and calculated values ranges from 3% to 6% for the 
geometric cross sections and from 2.5% to 6% for the mass fractions. Based on estimated errors for the 
actual geometric cross sections (values indicated with "f "), this result is within the error bars of the 
input data. 

Discussion. A comparison of our results (Tab. 2) with those of Mustard and Pieters (Tab. 2 in 
[lo]) shows that there is no significant difference in the quality of the results. For both analyses the 
typical difference between actual and calculated mass fractions lies within the range of 2% to 6%. In 
contrast to [ lo ]  (see Tab. 6 ) no problems arose in finding a solution to mixture 4, where two materials 
with extremely different photometric and structural properties were mixed. This confirms that, given high 
precision scattering properties of each endmember, this abundance model can be applied to all potential 
mineral mixtures. 

Conclusion. The sophisticated abundance model under investigation here requires the 

mineral 

Bronzite 
Augite 
Bytownite 
Nickel 

effective 
grain size 

[urn] 
50.0 
75.5 
75.5 
5.0 

porosity 
[percent] 

49 
54 
55 
66 

density 
[glccm] 

3.3 
3.4 
2.7 
8.9 

habitus 

elongated 
isometric 
isometric 
isometric 

range of 
bid. reflectance 

maxlmin [%I 
4/32 
4/22 
6/82 
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scattering 

forward 
forward 
forward 
strongly backward 
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Figure 1. Documentation of the fit procedure for mixture 4. A) The spectral single scattering albedos for the endmembers and the 
mixture itself are shown. Fitting a linear combination of the endmembers to the mixture spectrum leads to the residuals shown in 
figure B). This example exhibits the highest residuals of all four fits. All other ffls show qualitatively similar residuals (highest 
amplitudes within the absorption bands of the minerals). 

Table 2. 
Actual and computed mass fractions and geometrical cross sections r+" denotes estimated absolute errors). 

I mass fraction I qeometric cross section 
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mixture 1 
@jnaryl 

mirture 2 
@inaryl 

mixture 3 
(ternawl 

mixture 4 
pi*aw) 

scattering properties of each of the endmembers of a mixture. In order to apply this model to remote 
sensing data of planetary surfaces a better understanding of the dependence between spectral phase 
functions and microstructural parameters of intimate mineral mixtures is needed. With automated 
goniospectrophotometers, such as that available at the DLR, it is possible to create a data base for such 
studies. 
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actual 
computed 

difference 

actual 
computed 

difference 

actual 

computed 

difference 

actual 

computed 

difference 

Bronzite Bytownite 

0.500 0.500 
0.467 0.533 

0.033 -0.033 

Bronzite Augite 

0.500 0.500 
0.563 0.437 

-0.063 0.063 

Bronzite Augite Bytownite 

0.333 0.333 0.333 

0.31 0 0.295 0.395 

0.023 0.038 -0.062 

Bronzite Nickel 

0.910 0.090 

0.885 0.115 

0.025 -0.025 

Bronzite Bytownite 

0.556 i0.117 0.444 t0.093 
0.523 0.477 

0.033 -0.033 

Bronzite Augite 

0.612 t0.128 0.388 t0.081 
0.670 0.330 

-0.058 0.058 

Bronzite Augite Bytownite 

0.41 1 t0.086 0.260 t0.055 0.329 t0.069 

0.381 0.230 0.389 

0.030 0.030 -0.060 

Bronzite Nickel 

0.729 i0.153 0.271 t0.057 

0.675 0.325 

0.054 -0.054 


