
VISIBLE NEAR-INFRARED (0.7-2.45 μm) SPECTRAL DISTINCTIONS OF D-TYPE ASTEROIDS IN 

DIFFERING HELIOCENTRIC REGIONS.  G. M. Gartrelle1, 1University of North Dakota 

(gmgartr@gmail.com); P. S. Hardersen2, 2Trouvaille, LLC. (paul.hardersen@gmail.com); M. R. M. Izawa3, 
3Institute for Planetary Materials, Okayama University (matthew.izawa@gmail.com); M. C. Nowinski4, 4The Boe-

ing Company mcnowinski@gmail.com 

 

Introduction: During the past four decades, D-

type asteroids have been the subject of a myriad of 

investigations, yet they remain shrouded in mystery. 

We have no idea what they are made of, where they 

originated from, under what conditions they formed or 

how they evolved dynamically.  

D-type asteroids represent ~2% of the mass of the  

asteroid belt and are the dominant population within 

Jovian Trojans (~66%-84% all Trojans) [1-4]. Seven-

ty-four percent of total D-type mass is found in the 

Trojans, with Hildas (10%), Cybeles (5%), and Outer 

Belt (8%) comprising the next largest regions in terms 

of D-type mass [1]. Middle Belt (2%) and Inner Belt 

(1%) D-types comprise small mass fractions of the  

population with Hungaria and near-Earth D-types to-

taling <1% of the mass of all D-types [1].   

There have been over two hundred visible near-

infrared (VNIR) spectral investigations of D-types 

published. Results of these investigations revealed 

these low-albedo objects have steep, linear, reddish 

spectra from the visible range through ~1.5 μm, long-

ward of which there is a noticeable kink and slight 

flattening. The spectra are featureless with no mineral 

absorptions detected.  

The purpose of this research is to understand the 

VNIR spectral distinctions of D-type asteroids at dif-

ferent heliocentric distance and determine if these dif-

ferences can be associated with other constraining or-

bital, observational,  or physical characteristics.  

Methodology: Dataset Creation. The D-type data-

base assembled consisted of two major groups. Twen-

ty-five D-type asteroid spectra covering the VNIR 

wavelength range (0.7-2.5 μm) were newly acquired 

from the NASA Infrared Telescope Facility (IRTF) 

using the SpeX instrument between 2016-2019. An-

other sixty-one VNIR D-type spectra, also obtained 

using IRTF and SpeX, were provided though the litera-

ture [5-7]. Of the eighty-six D-types, fifty-eight are 

Jupiter Trojans, with the balance distributed between 

Inner and Outer Belt, save for a single near-Earth as-

teroid and a single Centaur. The spectra were normal-

ized to unity at 1.5 μm and the spectral range examined 

was limited to 0.7-2.45 μm. Seventy-three spectra (0.7-

2.45 μm) of  T, X, M, C, S, P, & P/C taxonomic types 

were also added to the research to provide context to 

the correlation and regression analysis to follow [5-9]. 

This helps examine if generic orbital, physical, or ob-

servational properties affect spectral properties of other 

taxonomic types in a manner similar to D-types. 

Univariate Analysis. For featureless asteroids in-

cluding D-types, with no prominent absorption fea-

tures, slope is the only observable component of an 

individual spectrum, and thus requires precise calcula-

tions to determine it, plus extensive analysis to derive 

any meaningful conclusions. Slope data was calculated 

for all spectra using linear regression for the full wave-

length range and for three wavelength segments (0.7-

1.35, 1.5-1.8, 2.0-2.45 μm). Segmentation of spectra 

served to eliminate telluric interference from the 1.35-

1.5 and 1.8-2.0 μm ranges.  

Correlation and regression analysis was performed 

for all taxonomic types using the IBM Statistical Pack-

age for the Social Sciences (SPSS) with D-types seg-

mented by heliocentric location. In addition to the 

slope data, orbital, physical and observational parame-

ters were SPSS input variables.   

Multivariate Analysis. Principal Component Analy-

sis (PCA) was conducted for the D-type targets using 

Addinsoft XLSTAT software and MS/Excel. The PCA 

method was closely based on the model used to estab-

lish the Bus-DeMeo asteroid taxonomy [5, 10]. This 

included removing the slope component from the spec-

tral data, since it accounts for approximately ~88% of 

the variance, and deriving principal components  (PC) 

from the remaining 12% [5, 10]. Forty total PC’s were 

derived but only the first five PC’s representing 9.4% 

of the 12% of variance unexplained by slope were ana-

lyzed. The remaining thirty-five PC’s, although they 

may contain information, contain increasing amounts 

of noise relative to information [11]. The five PC’s 

were used as input variables to the correlation and re-

gression analysis described above.  

Results & Discussion:  Slope Analysis. Study re-

sults indicate D-types have slopes which increase with 

decreasing semi-major axis (α). The mean slope values 

(Table 1) for the full slope, the 1.5-1.8 μm, and the 2.0-

2.45 μm segment are highest for D-type non-Trojans, 

and lowest for D-type Trojans. The 0.7-1.35 μm seg-

ment is the reverse with D-type Trojans having the 

highest mean slope. 

The finding of increasing full slope with decreasing 

(α) is directly opposite the traditional view of the liter-

ature [12, 13]. However, the wavelength range used in 

early studies easily explains the contradiction as the 

range is more consistent with the 0.7-1.35 μm segment 
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data in this study where reddening is positively corre-

lated with increasing (α). 

 

Table 1: Mean slope data for D-type asteroids. Stand-

ard error for these data is ± ~0.01-0.02. 

Segment 

(μm) 

Non-

Trojans 

(N=26) 

Trojans 

(N=58) 

D-Types 

(N=86) 

0.7-2.45 0.34 0.31 0.31 

0.7-1.35 0.48 0.51 0.48 

1.5-1.8 0.31 0.29 0.29 

2.0-2.45 0.22 0.17 0.19 

 

Statistical Analysis. Correlation results for slope 

and distance were intriguing across the board with a 

few exceptions. D-types show decreasing reddening 

with increasing distance for the full 0.7-2.45 μm slope 

(r(84) = -.280, P < .01). Results for the non-Trojan 

(r(25) = -0.224, P = .262) and Trojan (r(56) = .01, P = 

.94) sub-populations of D-types were not significant, 

but the (r) value for non-Trojans is far closer to (r) of 

the total population than Trojans, suggesting it is non-

Trojan D-types driving the result for the total popula-

tion.  

T/X-types (r(27) = .393, P < .05) and C-types (r(6) 

= .718, P < .05), the only other populations with signif-

icant results, showed positive rather than negative cor-

relations of reddening and distance over the full wave-

length range.  

Regression calculations for D-type slope and (α) 

produced no significant results. A significant relation-

ship was found between (α) and diameter (D) at (F(1, 

84) = 14.37, P < .01, R2 = .15) as well as (α) and incli-

nation (F(1, 84) = 33.1, P < .01, R2 = .28).  

PCA results suggest connections exist between 

some PC’s and overall slope as well as (α). PC1’ (the 

prime denotes slope is removed), responsible for 

~4.2% of variation, decreases with increasing (α). The 

most significant outcome was PC1’s direct impact on 

the slope segment between 0.7-1.35 μm (Figure 1). For 

this relationship the full population of D-types reported 

(F(1, 84) = 61.87, P < .001, R2 = .424) and Trojans 

reported (F(1, 56) = 70.88, P < .001, R2 = .544). This 

suggests PC1’ is largely responsible for the degree of 

slope in this segment and thus tied to the degree of 

reddening occurring.  

Conclusions & Implications: D-types represent a 

very strange and diverse family of objects with many 

characteristics which are not yet well constrained.  

This work has determined spectral reddening for the 

full VNIR slope, and the region longward of 1.5 μm, 

increases with decreasing (α). Over 0.7-1.35 μm red-

dening actually increases with distance. PCA data im-

plies PC1’ decreases as spectral reddening increases 

and directly influences slope. Increased spectral red-

dening likely results during inward migration of D-

types from Trojan space.            
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Figure 1: Depiction of (α), slope (0.7- 1.35 μm), and 

PC1' for D-types (N = 86) by Solar System region. 

Bubble size represents the absolute value of PC1’. The 

regression line represents the x, y, and z variables. 

Slope shows a slight decrease with decreasing dis-

tance.  
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