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TOWARDS A COMPLETE INVENTORY OF STRATOSPHERIC DUST PARTICLES, WITH 
IMPLICATIONS FOR THEIR CLASSIFICATION, Michae l  E. Zo lensky,  I a n  D.R. 
Mackinnon and David S. McKay, SN4lNASA Johnson Space Center, Houston, TX. 
77058 

Several i n v e s t i g a t o r s  have recen t l y  proposed c l a s s i f i c a t i o n  schemes for  
s t ra tospher ic  dust  p a r t i c l e s  [I -31. I n  add i t ion ,  e x t r a t e r r e s t r i a l  ma te r i a l s  
w i t h i n  s t ra tospher ic  dust  c o l l e c t i o n s  may be used as a measure of micromete- 
o r i t e  f l u x  [41. However, l i t t l e  a t t e n t i o n  has been given t o  the problems of 
the s t ra tospher ic  c o l l e c t i o n  as a whole. Some o f  these problems inc lude:  
( a )  determinat ion o f  accurate p a r t i c l e  abundances a t  a given p o i n t  i n  time; 
( b )  the ex ten t  o f  b i as  i n  the p a r t i c l e  se lec t ion  process; ( c )  the v a r i a t i o n  
o f  p a r t i c l e  shape and chemistry w i t h  size; ( d )  the e f f i c a c y  o f  proposed 
c l a s s i f i c a t i o n  schemes and (e )  an accurate determinat ion o f  physical  parame- 
t e r s  associated w i t h  the p a r t i c l e  c o l l e c t i o n  process (e.g. minimum p a r t i c l e  
s ize  col  1 ected, co l  1 e c t i o n  e f f i c i ency ,  v a r i  a t i o n  o f  p a r t i c l e  dens i ty  w i t h  
t ime).  We present here p re l im inary  r e s u l t s  from SEM, EDS and, where appro- 
p r i a t e ,  XRD ana lys is  o f  a l l  o f  the p a r t i c l e s  from a c o l l e c t i o n  surface which 
sampled the s t ra tosphere between 18 and 20km i n  a1 t i t ude .  Determinations of 
p a r t i c l e  dens i t i es  from t h i s  study may then be used t o  r e f i n e  models of the 
behavior of p a r t i c l e s  i n  the stratosphere [51. 

P a r t i c l e  c o l l e c t i o n  surface W7017 was se lected f o r  de ta i l ed  examina- 
t i on .  Th is  p a r t i c u l a r  f l a g  was f lown fo r  a t o t a l  o f  45 hours from Ju l y  7 t o  
September 15, 1981. Th is  sampling was p r i o r  t o  the E l  Chichon e rup t ion  of 
March t o  A p r i l ,  1982, although i nc l us i on  o f  volcanic mater ia l  from o ther  
sources (e.g. Mount St. Helens) may be unavoidable. P r i o r  t o  t h i s  study 104 
p a r t i c l e s  had been removed from f l a g  W7017 and are descr ibed i n  the Cosmic 
Dust Catalog 161. P a r t i c l e  c o l l e c t i o n  surface W7017 was washed f r e e  of a l l  
remaining p a r t i c l e s  w i t h  f reon and hexane, and the residue was then d i r ec ted  
onto a ser ies  o f  v e r t i c a l l y  stacked nucleopore f i l t e r s  ( f i l t e r  s izes 5um, 
lum and 0.4um, respec t i ve ly ) .  Th is  f i l t e r i n g  arrangement e f f i c i e n t l y  pre- 
vented the p a r t i c l e s  from p i l i n g  up on each f i l t e r ,  and f a c i l i t a t e d  l a t e r  
p a r t i c l e  s iz ing .  

Examination o f  the 5um and lum nucleopore f i l t e r s  suggests t h a t  there 
are a t o t a l  o f  900 and 9500 p a r t i c l e s  on these f i l t e r s ,  respec t i ve ly .  Opt i -  
ca l  s tud ies gave no i n d i c a t i o n  t h a t  such a l a rge  number o f  p a r t i c l e s  would 
be found on t h i s  f lag. We suspect t h a t  l arge numbers o f  p a r t i c l e s  w i l l  a1 so 
be found on the 0.4um f i l t e r .  Th is  suggests t h a t  the s ize  cu t -o f f  fo r  the 
c o l l e c t i o n  process may be considerably l ess  than 2um [7]. While i t  may be 
poss ib le  t h a t  many o f  the smal ler p a r t i c l e s  may be pieces of broken aggre- 
gates, we t h i nk  t h i s  explanat ion i s  u n l i k e l y .  The f a c t  t h a t  many o f  these 
f r a g i l e  aggregates surv ive  impact onto the f l a g s  demonstrates t h a t  the 
sampling process i n  the stratosphere i s  n o t  an impor tant  process f o r  p a r t i -  
c l e  disaggregat ion. The small p a r t i c l e s  we see i n  such abundance are on the 
order o f  a couple o f  microns i n  diameter. Therefore, the aggregates neces- 
sary fo r  the product ion o f  such p a r t i c l e s  would o r i g i n a l l y  have been much 
l a rge r .  Such l a rge  and i n t e r e s t i n g  look ing  p a r t i c l e s  would c e r t a i n l y  have 
been noted o p t i c a l l y ,  and would now be i n  the Cosmic Dust Catalogs. There- 
fore,  the disaggregat ion o f  these p a r t i c l e s  dur ing  sample washing would have 
been precluded. The p a r t i c l e  populat ions found f o r  the >10um, 5-10um and 
2-5um s ize  f r ac t i ons  imply  s t ra tospher ic  p a r t i c l e  dens i t i es  of 1.7x10-~, 
1x10 '2 and 1x10 p a r t i c l e s / c u b i c  meter, respec t i ve ly .  These f i gu res  are i n  
considerable excess o f  previous est imates [41. 

As there are on ly  104 p a r t i c l e s  from t h i s  f l a g  i n  the Cosmic Dust Cata- 
log, of predominantly l a r g e r  sizes, i t  i s  probable t h a t  t h i s  ca ta log  does 
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no t  conta in  a representat ive sample o f  the p a r t i c l e  populat ion o f  t h i s  f l ag .  
Consequently, a s t a t i s t i c a l  ana lys is  o f  the p a r t i c l e  t ype l s i ze  d i s t r i b u t i o n  
from f l a g  W7017 i s  shown below i n  Table 1. The s t ra tospher ic  p a r t i c l e  c las -  
s i f i c a t i o n  developed by Mackinnon e t  a1 . [I] and Kordesh e t  a1 . C21 i s  used 
i n  a s l i g h t l y  amended form. To e l im ina te  sampling bias,  a l l  o f  the p a r t i -  
c l es  i n  randomly se lected f i l t e r  areas were i d e n t i f i e d .  P a r t i c l e  groupings 
based only  upon chemistry are used i n  Table 1. Thus, categor ies are: chon- 
d r i t i c ,  s i l i c a t e ,  aluminum, aluminum prime (aluminum r i c h  w i t h  lesser  
amounts of o ther  elements), Fe-S (predominantly i r o n  w i thou t  s u l f u r ) ,  Fe+S 
(predominantly i r o n  w i t h  s u l f u r ) ,  CAS (predominantly a calc ium a1 uminum s i l -  
i c a t e ) ,  and other  ( a  ca t ch -a l l  category) .  I n  t h i s  study a s i g n i f i c a n t  num- 
ber o f  p a r t i c l e s  con ta in ing  on ly  low Z elements were encountered, and are 
there fo re  inc luded i n  t h e i r  own catagory. A f r u i t l e s s  attempt was made t o  
equate t h i s  low Z mate r ia l  w i t h  any o f  the known poss ib le  sources of conta- 
m ina t i  on. The f o l  1 owing poss ib le  con taminan t s  were character ized: p l a s t i c  
from the f i l t e r i n g  arrangement, the f l a g  i t s e l f  and p e t r i  dishes; p l a s t i c  
and nylon bags, t e f l o n  tape, t a r ,  epoxide r e s i n  used t o  ho ld  the nucleopore 
f i l t e r s  t o  the SEM mount, and carbon from the carbon coa t ing  apparatus. 

Table 1 shows t h a t  s i l i c a t e  p a r t i c l e s  are common on f l a g  W7017, i n  i n -  
creasing r e l a t i v e  abundance w i t h  decreasing p a r t i c l e  s ize. A t e r r e s t r i a l  
vo lcanic  source cannot be r u l e d  ou t  f o r  t h i s  mater ia l  . However, the aver- 
age composition o f  the Mount S t .  Helens ash and glass, fop example, shows 
h igher  l e v e l  s of i r o n  ( 4  t o  6 w t  .% Fe203 [4]) than i s  c h a r a c t e r i s t i c  o f  the 
mater ia l  i n  the s i l i c a t e  category ( 0  t o  4 wt.% Fe203). Chondr i t i c  ma te r i a l  
i s  a1 so observed t o  increase i n  r e l a t i v e  abundance w i t h  decreasing s ize.  
There i s  a concomi tan t  decrease i n  the r e l a t i v e  abundance o f  the aluminum 
and a1 uminum prime mater ia l  w i t h  decreasing p a r t i c l e  s ize.  

The l a s t  l i n e  o f  Table 1 ind ica tes  the r e l a t i v e  abundance f o r  each 
s t ra tospher ic  p a r t i c l e  type s o l e l y  on the bas is  o f  the e n t r i e s  f o r  W7017 i n  
the Cosmic Dust Catalog [6]. I n  the case o f  W7017 and p a r t i c l e s  >lum i n  
s i ze  the Cosmic Dust Catalog [6] i s  shown t o  be biased toward the mater ia l  
most common among the l a r g e s t  p a r t i c l e  s ize f r a c t i o n  (e.g. aluminum and a lu -  
minum prime p a r t i c l e s ) .  Although n o t  shown i n  Table 1, the Cosmic Dust Ca- 
t a l  og contains an unrepresentat ive ly  1 arge number o f  spheres compared w i t h  
the t o t a l  p a r t i c l e  abundance on f l a g  W7017. 

While previous tabu la t ions  o f  s t ra tospher ic  p a r t i c l e s  13, 61 may be 
accurate i n  t h e i r  descr ip t ions  o f  the v a r i a t i o n  i n  p a r t i c l e  chemistry and 
morphology, they are probably n o t  representat ive o f  the p a r t i c l e  d i  s t r i b u -  
ti on i n  the stratosphere. Accordingly, s tud ies o f  s t ra tospher ic  p a r t i c l e  
d i s t r i b u t i o n s  should take account o f  the smal lest  p a r t i c l e  s i ze  f r ac t i ons .  
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Table 1 Stratospher ic  Dust Size-Type D i s t r i b u t i o n  f o r  F lag  W7017 
sample c h o n d r i t i c  s i l i c a t e  A1 A1 prime Fe-S FetS CAS l o w Z  other  
>10um 7% 31% 19% 15% 4% 7% ~ 1 %  7% 9% 

5-10um 8% 38% 21% 9% 1% 3% <1% 14% 5% 
1 -5um 15% 61 % 3% 6% 3% 6% <1% 3% 3 % 

e n t i r e  f l a g  14% 5 9% 5% 6% 3% 6% 4% 4% 3% 
ca ta l  og-W7017 19% 17% 29% 19% 7% 5% 2% 0 2% 
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