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Cut Surface Spot #C1   (EDS map)
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- Cut surface: Cut (inside surface, but exposed to environment for some time).
- High Al (70.74 wt%): Consistent with an aluminum alloy or aluminum matrix material (Al >50 wt%).
- High O (11.86 wt%, 17.46 at%): Suggests an oxide layer (e.g., Al₂O₃, common on Al surfaces) or oxide inclusions, as bulk alloys 

lack significant O.
- C (5.52 wt%, 10.83 at%): Indicates carbon contamination (e.g., hydrocarbons from SEM chamber, sample handling) or a 

carbon-containing composite (e.g., Al with carbon fibers or graphite).
- Si (11.88 wt%): Matches 4xxx series (Al-Si, 5–12% Si) or high-Si casting alloys, used for wear resistance and castability.

C1
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Cut Surface Spot #C2   (EDS map)
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• 4xxx Series (Al-Si): Composition: 5–12 wt% Si, balance Al, minor Mg, Cu, Ni (e.g., 4043: ~5% Si; 4032: ~12.2% Si, 1% Cu, 1% Ni; 
4047: ~12% Si).
• Si: 11.88 wt% aligns well with 4032 (~12.2% Si) or 4047 (~12% Si)
• Al: 70.74 wt% is lower than 4xxx (~85–95% Al), but oxide and carbon reduce Al wt%.
• O: 11.86 wt% suggests Al₂O₃ (Al:O = 2:3 atomic, ~52.93 wt% Al, 47.07 wt% O). If ~11.86 wt% O is from Al₂O₃, it consumes 
~13.33 wt% Al, leaving ~57.41 wt% Al for the alloy, still low.
• C: 5.52 wt% is not in 4xxx alloys; likely surface contamination (e.g., hydrocarbons) or a composite.
•Verdict: 4032 or 4047 with an Al₂O₃ layer and carbon contamination is the closest match.

C1

C2



Discussion of cut surface:
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• Best Candidates  (Grok’s verdict):  
    A390 (Casting Alloy, Oxidized):Composition: ~17% Si, 4–5% Cu, 0.5% Mg (negligible here), 
balance Al (~78% Al).Adjusted: With ~12 wt% O from Al₂O₃ (consuming ~13 wt% Al) and ~5 wt% C 
contamination, it approaches your composition (Al ~70%, Si ~12%).   
   4032 (4xxx Series, Oxidized):  Composition: ~12.2% Si, 1% Cu, 1% Ni, balance Al (~85% 
Al).Adjusted: Al₂O₃ and C reduce Al wt%, aligning with ~70% Al, 12% Si.Uses: Forgings, welding 
rods.
   Al-SiC Composite: Composition: Al matrix (e.g., 6061 or 4xxx) with 10–20% SiC (Si:C = 70:30 
wt%).Adjusted: SiC contributes Si (~8–14%) and C (~3–6%), plus Al₂O₃, matching your 
composition.Uses: Aerospace, automotive, lightweight high-strength parts.
   Most Likely: A390 with Al₂O₃ and carbon contamination, or an Al-SiC composite, given high Si, 
O, and C.

Relevance to any Extraterrestrial origin (not Grok):
  Al-SiC or Al-Si-C alloy is most interesting possibility from a novel material perspective.  We use 
nanostructures, in particular carbon (graphene nanoplates, carbon nanotubes) for conductivity, 
electromagnetic absorption, radiation shielding.   It is hard to image those with an SEM if they are 
indeed sub 10 nm.   
    The next step is to polish the cut surface so that the microstructure is better reveals (not the 
rough cut surface from the diamond saw).  

Next:   Top (exposed surface).    It is a different color, etc.

C1

C2



Spot #S1
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- Spot heavy in Fe content.



Spot #S1
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- Spot heavy in Fe content.



Spot #S2
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SEM EDS spectrum of Foggin Top Surface
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- Cross-sectional cut suggests Al alloy (see below), 
but top surface is very mixed composition.   Al 
content is relatively low.
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SEM EDS spectrum of Foggin Top Surface

Fe K

Fe K

- The top surface is a brown encrustation. 
- Unknown if due to handling (over the 4 decades), environmental or from the original sample.



Spot #S3: SEM EDS composition
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• Outside Surface: Compositional map shows widespread organics (O, S) and 
widespread low-Z metals (Al, Mg, Na) along with localized concentrations of P, Fe, Ca, K, 
C. 

S3



EDS Chemical Composition: Spot #S3
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- Top (outside surface).
- Substantial organic content (O: 51.79 %, C 27.44 %), perhaps due to handling, oxidation, etc.
- Substantial Si content at this spot.
• Magnesium is a common alloying element in the 5xxx series (Al-Mg) and some 7xxx series (Al-Zn-Mg), valued for corrosion 
resistance, workability, and strength, but typically in small amounts (5xxx series: 0.5–6% Mg, 7xxx series: < 2.5 % Mg), because 
phase separation results for Mg:Al ~ 1:1, as found here.   Similarly for Magnesium alloys (with Al), Composition: 2–10% Al(e.g. 
AZ31: ~3% Al, 1% Zn, balance Mg.,  AZ91: ~9% Al, 1% Zn, balance Mg.



Top Surface Spot #S4  (EDS map)
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S4

- Next few slides show zooming in on one spot in the dark sections. 



Top Surface Spot #S4  (EDS map)
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Top Surface Spot #S4  (EDS map)
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- Dendritic structures on the right (and next few slides are interesting, although may just be expected product of emergence 
from molten state. 



Top Surface Spot #S4  (EDS map)
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Top Surface Spot #S5  (EDS map)
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Top Surface Spot #S5  (EDS map)
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Top Surface Spot #S5  (EDS map)
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- EDS spectra normalized to Al peak counts.
- Similar to other spots, dominated (on atomic basis) by hydrocarbonds (C, O).
- Al, Si, and Mg are prevalent.
- Rod-like, dendritic structures overlap the Mg, O, and Al maps, not the C maps. 



Foggin Object (Section cutting): Gamma-Ray Experimental Setup

27

Lead 

Shielding

HPGe 

Detector in 

Shielding

Liquid 

Nitrogen 

Dewer

HPGe detector

Copper-

sheathed Pb 

Shielding

BW object 

atop HPGe 

Detector

1) The above setup is used for counting activated solids and other radioactive sources. 
2) The lead enclosure includes a copper sheathing to block the photons produced in the lead.
3) There is always radiation background (from the surrounding cinderblock walls, etc.), the challenge is to observe other 

sources in the presence of that background. 
4) The high-purity germanium detector (3” x 1”) is cooled to liquid nitrogen temperatures in order to achieve high-resolution. 
5) As shown in the right-hand picture, the target under study (the little cutting from the Bob White Object) can be placed on 

top of the HPGe detector within the shielding. Thus, even samples with low radioactivity can be counted.
6) The setup is connected to electronics that produces the a histogram of the number of gamma-ray emissions at each 

energy. 
7) The following results were derived from this setup. 
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1) Above is a 24 hour background spectrum derived from a high-purity 
germanium detector (HPGe), in which the peak ID is used for 
calibration. 

2) If radioactive, the goal of putting a sample in the chamber is that some 
peak will become more prominent, or more promisingly, some 
additional peak is evident from which one can determine the emitting 
isotope. 

3) The right are example background spectra from various sources.

40K  (1464.18 keV)

511.559 keV
208Tl  (2621.81 keV)

214Bi (1768.02 keV)

228Ac (Th K 91.85 keV)

226Ra (185.33 keV)

210Pb (Th K 62.797 keV)

Foggin (edge-cut ): Radiation Response (2)
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Foggin (end tip cutting): Radiation Response 3.69 days comparison
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1) Doesn’t really look any different. Differences are likely due to statistical counting fluctuations (across 8190 channels, will have 
some disparity in the peaks due to uncertainty in counts/channel. Background higher just because blocked less than when 
sample and holder in well. 

2) Prelim Conclusion: No anomalies here. Object is not emitting gamma-rays. 

Foggin Object (end tip cutting): Radiation
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1) There are no gamma-rays emitted by the end-cut piece that aren’t in the background. Note that there can be some 
differences between background and Foggin Object (“BW object”) but these are expected when the counts per channel are 
low.

(the fractional uncertainty (count variation in a particular channel) is the square root of (the number of counts in channel) so, for example, if there are 100 counts in 
each channel, then the standard deviation is 10.  This means that if one channel has 90 counts and next door has 110 counts, this does not mean that the 110 count 
channel is evidence of a gamma-ray emission, it is expected because the number of counts per channel is random (with known statistics).  Thus, there can be some 
peaks in the “background” that aren’t in “BW object” and vice-versa, but these occur only for limited channel numbers and are not indicative.)

2)  If the object was activated at some point (radioactive isotopes of Aluminum, Silicon, Silver, etc. were created), one can look at 
the half-lives of these isotopes to see if one expects gamma-rays 40 years later.  For aluminum, the half-lives are all very short 
(look under the “13” for Aluminum); specifically, 2.24 m, 6.56 m, 3.60 s, 644 ms, 33 ms. Furthermore, they decay via beta decay 
(shooting out an electron rather than a photon).  Thus, even if initially radioactive, don’t expect it to be now via aluminum. 

Foggin Object (end tip cutting): Gamma-ray Preliminary conclusions

3) Silicon also has mainly short-lived isotopes that decay via beta emission, with the exception of 32Si, which has a 150 year half 
life.  One can try to observe beta (or other charged particle emissions). 
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4) Silver (Ag, row 47) also has isotopes that are short-lived if activated from stable isotopes Ag-107 and Ag-109 (stable isotopes 
colored black in the boxes).  Thus, from the two main constituents of the Foggin end piece (Al, Si), one doesn’t expect gamma-
ray emission, and none is observed. 

5) Perhaps impurities could produce radioactive isotopes, but none are evident in the spectra.  We are currently looking for 
charge-particle emissions (beta, alpha) with a silicon-PIN detector (good charged-particle detector) in the setup:

Foggin Object (end tip cutting): Gamma-ray Preliminary conclusions
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