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3.2km/s 
Earth escape 
From LEO 

Delta-IV 

25% 2.5% 

H2O by percentage weight (wt%) for Carbonaceous chondrites 
(Jarosewich 1990) 

Platinum Group Metals: Ptype x Prich 
Water: Ptype x Prich 

 Ptype 
•  Carbonaceous only likely source 

•  C-type 9.8±3.3% of NEOs (Stuart & Binzel 2004) 

•  Ptype(H2O)= 10%  

Prich 

Hydrated minerals  
•  e.g. clays 
•  ranges from <0.1%wt to 12%wt. 2 groups? ><6%wt 
•  take Cr(hydrated) = 10%  

•  31% have >6%wt (Jarosewich 1990) 
Ice 

•  only stable at ~1AU if shielded 
•  brine found in meteorites (Saylor et al. 2001)  
•  Cr(Ice) depends on macro- and micro-porosity 
•  micro-porosity wide range 1-20% (Britt & Consolmagno 2003) 
•  macro-porosity highly uncertain: eg, 28±37% (3671 Dionysus 
Carry 2012) 

•  take Cr(Ice) = 10%.   
•  Prich(H2O)  = 25% (Jarosewich 1990) 

Distribution of Iridium (Ir) fraction in type IIIAB meteorites 
(data from Scott et al. 1973) [latest available ! ] 

Martin Elvis 

Bottom Line: How many ore-bearing asteroids? 

ABSTRACT 

Assessing the Terms 

delta-v:   
•  Water needs handling of ~1200mt to reap $1B of 
H2O (@$10k/kg in LEO, 20% H2O) 
•  PGMs need handling ~2 million mt for $1B. 
•  So expect mining equipment to be massive 
•  Payload drops rapidly with larger delta-v 

• E.g. Elvis et al. 2010, Planetary & Space Science, 59, 1408; Elvis 
& Ranjan in prep. 
•  e.g. Space-X Falcon-Heavy will put 54 mt in LEO 
•  but only ~10mt to median delta-v NEO (incl. upper stage) 

•  1st mining targets like ultra-low delta-v 
•  Pacc = 2.5% 

LPSC-2014-1048 

email: 

melvis@cfa.harvard.edu 

 Ptype 
•  Several sources.  

•  Richest likely M-type ~pure Ni-Fe 

•  M-type + ~27% of X-type are 4% of NEOs (Binzel et al.  2004) 

•  Ptype(PGM) = 4%  

Prich 

•  Wide range in PGM concentration [Cr(PGM)] for Ni-Fe 
meteorites  

•  0.01 – 100ppm (Kargel 1994) 

•  Ir correlates with other PGMs, better measured. 

•  Cr(PGM) ~ 7 Cr(Ir) 

•  Terrestrial Pt mines have Cr(PGM)~2-6ppm 

•  All NEOs with Cr(Ir)>1ppm beat terrestrial mines 

•  P(Cr(Ir)>1) = 50% 

•  Note that P(Cr(Ir)>5) = 25% - MUCH better targets 

•  N(D>60m) ~ 200,000? (highly uncertain)       

Orbital Accessibility: x Pacc 

How to Do Better:  
More research is needed. Specifically: 

•  Evaluate real mission profiles (e.g. NHATS) 
•  Consider: 
•  high power Solar electric (e.g. 50kW for ARM) 
•  novel return trajectories 10X lower delta-v  

(Sanchez & McInnes 2011). Slow? 
•  alternative destinations to LEO, direct Earth-entry 

Pacc 

Neglects engineering issues, imperfect retrieval efficiency 

Ptype 

•  Too few meteorites assays 
•  collect literature 

•  assay more! 

•  Improve Meteorite-Asteroid type links 

•  see Ptype (left): more 2008 TC3’s 

•  MANY in situ probes 
•  in plans of Planetary Resources, Deep 
Space Industries 

•  need ~dozen probes @ P=0.25 to find 1 at 
95% confidence (Elvis & Esty 2014 Acta Astronautica  
96, 227) 

Prich 

•  Serious analysis, study 

•  anchoring, digging (granular physics, Daniels 2013) 

•  extraction 
•  Practice techniques in space 

•  first on ISS (small scale, ~kg) 

•  then on retrieved asteroid (~7m class) 

•  argues for Asteroid Redirect Mission (ARM) 
(Brophy et al. 2010) 

Peng 

Elvis, M., 2014, Planetary & Space 
Science, 91, 20 
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•  Steep rise from 20,000 @ 100m to 10 million @ 
20m  
•  Need deeper high cadence survey to find ~50m 
dia. NEOs, establish normalization, slope. 
•  then larger survey to catalog large fraction 

N(D>Dmin) 

rich 


