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The standard operating procedures of AI-Chemist for electrochemical measurements
[image: ]
Supplementary Fig. 1. The AI-chemist operation flow chart of electrocatalytic oxygen evolution performance characterization.

First, the robot initializes the operation, including detecting whether the communication of each device node is connected and detecting the pose of the marker fixed to the workstation. After the marker is detected, the robotic manipulator will automatically calculate the current poses and make error compensation for the base pose of the robotic manipulator. The calculation and compensation process is as follows:
i) 
The robot acquires the pose of the ArUco marker fixed to electrochemical workstation  by means of the camera, specifically, the pixel coordinates of the center of the marker in the image based on the RGB image, after which the actual pose are obtained according to the depth image, and then calculates the pose of the marker represented in the coordinate system of the robotic manipulator using equation

							

where  is the camera's pose relative to the robot coordinate system, obtained in advance by hand-eye calibration.
ii) To further improve locating accuracy, the robot moves again so that the marker is in the center of the camera's field of view and computes the current pose.  Thus the measurement error is compensated by multiple locating.

After relocating the electrochemical workstation, the robot will load the pre-recorded structured information of the electrochemical workstation , which are operating poses represented in the marker coordinate system of the electrochemical workstation. The operating poses of the manipulator in the current environment after error compensation for subsequent trajectory planning can be calculated based on equation:
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Supplementary Fig. 2. Description of the robot coordinate system.

Then, after obtaining the error-compensated operating poses, the robot performs trajectory planning according to a pre-defined operational flow, including the sequence of operating poses, the planning method, velocity and acceleration for reaching the next operating pose, and gripper control commands. The following illustrates the trajectory planning method used (take the mth operating pose as an example):
i) 



Obtain the m-1th trajectory  from  to  by trajectory planning according to the planning method, velocity and acceleration in the pre-defined operation flow information. Similarly the mth trajectory   can be derived.
ii) 


Calculate the distance  between  and  by:

							







In which  is the translation part of  and  is the translation part of . The distance  from  and  is calculated in the same way.
iii) 



Access the maximum permissible radius  of the transition segment trajectory  between  and  using:

							
iv) 
Calculate the actual radius  of the smooth transition segment through 

								

Where  is the transition radius factor defined in the operational flow information.
v) 













Make a ball with  as the center of the ball and  as the radius and find the intersection pose of the ball with  and , denoted as   and , and note the velocity of  at  and  at  as , , the acceleration as ,  respectively.
vi) 
Plan the transition segment trajectory  based on fifth-order Bezier curve:

						


where  is a Bernstein polynomial and the control point  is computed as follows:

		
vii) 
Acquire the final value of  by minimizing the following equation:


								





Where  and  is the velocity and acceleration of  at  separately. And the initial value of  can be obtained by solving equation (7).
viii) 




Interpolate the transition segment trajectory based on the  and inserting it between  and , and the final trajectory from  to is obtained.
Based on the planned trajectory and gripper control instructions, the robot will perform the following operations: (Supplementary Fig. 3c) pick up the pneumatic gripper, use the pneumatic gripper to grip the carbon paper and place it on the substrate; (Supplementary Fig. 3d) put back the pneumatic gripper and move the substrate to the drip station; (Supplementary Fig. 3e) place the test tube rack holding vials with test sample on the drip station for sample preparation and wait for the sample to dry; (Supplementary Fig. 3f) move the substrate to the electrochemical reaction cell and start the electrochemical reaction by sending a message to the electrochemical workstation.
[image: F:\Mars 火星\20221025\电催化操作流程配图 abcd.jpg]
Supplementary Fig. 3. a, b The RGB and depth images of electrochemical workstation and c-f, AI-chemist operation flows for the working electrode preparation.

In the above process, the robot detects and feeds back the execution status in real-time and deals with exceptions (including lacking carbon paper, not resetting substrate, collision, locating error out of threshold, and gripping failure). When collisions occur, the location error exceeds the threshold or fails to grasp the object, the robot will plan and executes a recovery process by incorporating the currently implemented processes, the current pose of the robot, and gripping status, and monitors the situation in real-time during this process to enable dynamic adjustment of the recovery process.
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Supplementary Fig. 4. The specimen images of selected meteorites for OER catalyst preparation.
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Supplementary Fig. 5. The petrography and mineralogy identification chart of Aletai meteorite in Meteoritical Bulletin Database (MBD).
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Supplementary Fig. 6. The petrography and mineralogy identification chart of NWA8171 meteorite in Meteoritical Bulletin Database (MBD).

[image: ]
Supplementary Fig. 7. The petrography and mineralogy identification chart of NWA13669 meteorite in Meteoritical Bulletin Database (MBD).
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Supplementary Fig. 8. The petrography and mineralogy identification chart of NWA12564 meteorite in Meteoritical Bulletin Database (MBD).
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Supplementary Fig. 9. The petrography and mineralogy identification chart of Hassi Messaoud 001 meteorite in Meteoritical Bulletin Database (MBD).
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Supplementary Fig. 10. a, Schematic diagram of operating principle and b, device graphics of the laboratory self-developed LIBS setup. The beam generated from an Nd:YAG pulsed laser is focused onto the meteorites surface using a focusing lens, and the atomic radiation emitted from the meteorites is transmitted to an echelle spectrometer through an optical fiber. The spectrometer disperses the atomized radiation into spectral emission wavelengths and imaged by an attached CCD camera. The delay generator between the laser and the camera controls the start of data acquisition so that the camera captures the image signal of the plasma when the atomic emission wavelengths are most prominent. After camera exposure, the spectral data is sent to a computer for automatic data processing, analysis and display.
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Supplementary Fig. 11. Temperature versus time curve for the MD simulation.
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Supplementary Fig. 12. Energy versus time curve for the MD simulation.
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Supplementary Fig. 13. Distance distribution between metals for metal hydroxyl oxides.
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Supplementary Fig. 14. Distance distribution between metals and oxygen for metal hydroxyl oxides.
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Supplementary Fig. 15. GUI of the ratio transformation software.


[image: F:\Mars 火星\20221029\单一矿石制备 abcd.jpg]
Supplementary Fig. 16. The electrochemical experiment results and comparison of catalysts prepared from a single meteorite feedstock. a, Linear sweep voltammetry (LSV) curves collected at the sweep rate of 5 mV/s in 1 M KOH electrolyte and b, corresponding Tafel plots for the anodic water oxidation derived from the LSV data in a to evaluate the reaction kinetics. c, The electrochemical impedance spectra (EIS). d, The extracted Helmholtz double layer capacitance (Cdl) to evaluate the electrocatalytically active surface areas (ECSA).


[image: F:\Mars 火星\1007电化学实验报告ver3\局部最好 abcd.jpg]
Supplementary Fig. 17. The electrochemical experiment report of sample No. 197 with the best local performance. a, Cyclic voltammetry (CV) voltammogram curves. b, Linear sweep voltammetry (LSV) curves collected at the sweep rate of 5 mV/s in 1 M KOH electrolyte and c, corresponding Tafel plots for the anodic water oxidation derived from the LSV data in b to evaluate the reaction kinetics. d, The electrochemical impedance spectra (EIS). e, The electrocatalytically active surface areas (ECSA) calculated based on the cyclic voltammetry (CV) voltammogram within the non-Faradaic region. f, The extracted Helmholtz double layer capacitance (Cdl) from the slope of linear regression between the current density differences (∆j/2 = (ja-jc)/2) in the middle of potential window of CV curves versus the scan rates in e.
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Supplementary Fig. 18. The electrochemical experiment report of sample Exp-guided OPT. a, Cyclic voltammetry (CV) voltammogram curves. b, Linear sweep voltammetry (LSV) curves collected at the sweep rate of 5 mV/s in 1 M KOH electrolyte and c, corresponding Tafel plots for the anodic water oxidation derived from the LSV data in b to evaluate the reaction kinetics. d, The electrochemical impedance spectra (EIS). e, The electrocatalytically active surface areas (ECSA) calculated based on the cyclic voltammetry (CV) voltammogram within the non-Faradaic region. f, The extracted Helmholtz double layer capacitance (Cdl) from the slope of linear regression between the current density differences (∆j/2 = (ja-jc)/2) in the middle of potential window of CV curves versus the scan rates in e.
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Supplementary Fig. 19. The electrochemical experiment report of sample Model-guided OPT. a, Cyclic voltammetry (CV) voltammogram curves. b, Linear sweep voltammetry (LSV) curves collected at the sweep rate of 5 mV/s in 1 M KOH electrolyte and c, corresponding Tafel plots for the anodic water oxidation derived from the LSV data in b to evaluate the reaction kinetics. d, The electrochemical impedance spectra (EIS). e, The electrocatalytically active surface areas (ECSA) calculated based on the cyclic voltammetry (CV) voltammogram within the non-Faradaic region. f, The extracted Helmholtz double layer capacitance (Cdl) from the slope of linear regression between the current density differences (∆j/2 = (ja-jc)/2) in the middle of potential window of CV curves versus the scan rates in e.
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Supplementary Fig. 20. a, Cyclic voltammetry (CV) voltammogram curve of carbon paper electrode in CO2-saturated 2.8 M Mg(ClO4)2 electrolyte containing 2 mM Fe(CN)64-/Fe(CN)63- using platinum mesh as counter electrode and Ag wire as the reference. b, Linear sweep voltammetry (LSV) curves of Model-guided OPT collected at the sweep rate of 5 mV/s in CO2-saturated 2.8 M Mg(ClO4)2 electrolyte at 23°C and −37°C, respectively.

According to Supplementary Fig. 20a, we measured that the electrode potential of Ag wire (at V=0) is 0.283V lower than Fe(CN)64-/Fe(CN)63-, and it is known that the Fe(CN)64-/Fe(CN)63- redox potential is 0.71 V vs. RHE, therefore, we can deduce that the reference potential of Ag wire is 0.427V vs. RHE. When the OER test is completed, the LSV curve can be converted into coordinates corresponding to the RHE unit (Supplementary Fig. 20b).


Supplementary Table 1. Concentration of metal ions in the prepared feedstocks solution.
	Serial 
number
	Fe
(mmol/L&ppm)
	Mn
(mmol/L&ppm)
	Ni
(mmol/L&ppm)
	Ca
(mmol/L&ppm)
	Mg
(mmol/L&ppm)
	Al
(mmol/L&ppm)
	Total
(ppm)

	Aletai
	3.303/184.47
	0
	0.328/19.266
	0.0055/0.221
	0.00155/0.0377
	0.00149/0.0403
	204.035

	NWA
8171
	1.379/77.076
	0.0288/1.584
	0
	0.1374/5.508
	5.167/125.55
	0.02/0.54
	210.258

	NWA
13669
	2.401/134.09
	0.0521/2.864
	0
	0.7697/30.851
	1.306/31.734
	0.0803/3.1264
	202.666

	NWA
12564
	0.9698/54.164
	0.0132/0.726
	0
	1.417/56.7985
	0.744/18.0675
	2.759/74.415
	204.171

	Hassi 
Messaoud 
001
	2.238/124.965
	0.0541/2.974
	0
	1.142/45.7605
	1.438/34.9425
	0.0779/2.1015
	210.744




Supplementary Table 2. DFT calculations of three catalytic properties for metal hydroxyl oxides, the three catalytic properties represent the free energy change of hydroxyl adsorption, the difference between GO* and GOH* and the charge transfer during hydroxyl adsorption the activate site metal, respectively.
	Metal
	GOH* / eV
	GO*-OH* / eV
	Δq / e

	Fe-Fe
	0.7107
	1.9195
	0.1126

	Mn-Fe
	0.7345
	1.8561
	0.0308

	Mn-Mn
	1.0939
	1.5368
	0.0434

	Mn-Al
	1.2549
	2.8057
	0.0118

	Al-Fe
	0.9291
	1.9519
	0.0424

	Al-Al
	1.6181
	2.5402
	0.0126

	Al-Ni
	0.7211
	1.9942
	0.0318

	Ca-Fe
	0.7342
	1.9184
	0.0913

	Ca-Mn
	1.2655
	1.3841
	0.0477

	Ca-Al
	1.4790
	2.6778
	0.0180

	Ca-Ca
	3.0012
	2.3938
	0.01494

	Ca-Mg
	2.7184
	2.4405
	-0.0130

	Ca-Ni
	1.4518
	2.1166
	0.0386

	Mg-Fe
	0.9151
	1.9725
	0.0201

	Mg-Mn
	1.29339
	1.53339
	0.0309

	Mg-Al
	1.57015
	2.57572
	0.0216

	Mg-Mg
	2.65895
	2.43158
	-0.0141

	Mg-Ni
	1.47536
	2.13782
	0.0362

	Ni-Fe
	0.780184
	1.92284
	0.0785

	Ni-Mn
	1.2645
	1.47608
	0.0147

	Ni-Ni
	1.17646
	2.16916
	0.0314
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Name: Northwest Africa 8171

This is an OFFICIAL meteorite name.
Abbreviation: NWA 8171
Observed fall: No
Year found: 2013
Country: (Northwest Africa)
Mass:2/81.9 g

Meteoritical Bulletin: MB 103 (2014) Martian (basaltic breccia)
MB 107 (2018) Martian (polymict breccia)
Recommended: Martian (polymict breccia) [explanation]

This is 1 of 18 approved meteorites classified as Martian (polymict breccia). [show all]
Search for other: Martian meteorites

Approved 23 Jan 2014
Revised 16 Nov 2018: Updated class; see NWA 7034)
Writeup from MB 103:
Northwest Africa 8171 (NWA §171)
(Northwest Africa)
Purchased: June 2013
Classification: Martian meteorite (basaltic breccia)
History: Purchased in June 2013 in Ensisheim, France.
Physical characteristics: Nearly completely black 81.88 @ stone with remnants of fusion crust. Light-colored clasts and spheroidal objects in a
brecciated matrix.
Petrography: (B. Hofimann, NMBE; N. Greber, Bern): Breccia consisting of angular mineral grains (up to 2 mm), lithic clasts (often also breccia
and spheroidal objects (1-3 mm diameter) in fine-grained matrix. Minerals observed are pyroxenes, plagioclase, alkali feldspar, magnetite, ilmen
pyrite (partially altered to gocthite).
Geochemistry: Orthopyroxene (Fsy 3 45 6Wo; g 4 . FeO/MnO = 27-43; n = 13), pigeonite (Fs39,9 37,1 Wog 9, FeO/MnO = 34-42; n = 4), augite
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n=6) gives Fe/Mn (wt) = 46.0+3 .4, Ni = 51056 ppm, Cr = 1485£85 ppm. Oxygen isotopes: (R. Greenwood, OU) gave 5'50=7.18+031,
16, A170= 0.67520.001 (mean of 2 analyses, all per mil).
Martian (basaltic breccia). Closely resembles NWA 7034 and pairings and is very likely paired with these stones
Specimens: 16.50 g including one polished scction at NMBE. Remaining material is held by Mare Jost and Beat Booz.

Place of purchase:  Ensisheim, France

Date: P June 2013

Mass (g): 81.88

Pieces: 1

Class: Martian (basaltic breccia)

Ferrosilite (mol%):  21-46

Wollastonite (mol%): 2-4

Classifier: B. Hofmann, NMBE; N. Greber, Bern
Type spec mass (g): 16.50

Type spec location: NMBE

Main mass: Marc Jost, Beat Booz

Comments: Submitted by Beda Hofmann

O isotopes:
NMBE: Natural History Museum Bern Bernastrasse 15 CH-3005 Bern Switzerland, Switzerland; Website (institutional addres
updated 2 Mar 2012)

OU: Planetary and Space Sciences Department of Physical Sciences The Open University Walton Hall Milton Keynes MK7 6/
United Kingdom, United Kingdom (institutional address; updated 8 Dec 2011)

Bern: University of Bern, University of Bern, Hochschulstrasse 4, CH-3012 Bern, Switzerland (institutional address)

Published in Meteoritical Bulletin, no. 103, MAPS 52, 1014, May 2017, htp://onlinelibrary.wil —
Find references in NASA ADS: b

Find references in Google Schola

Credit | Photos

Photos uploaded by members of the Encyclopedia of Meteorites.
(Caution, these are of unknown reliability)

Gregor H.

Coordinates: Unknown.

Statistics:
This is 1 of 8636 approved meteorites from (Northwest Africa) (plus 1884 unapproved names)
Show crosslinks | This lists all records that are linked to this record and to each other.
See what others liked | This lists the most popular meteorites among people who looked up this meteorite.

This lists important revisions made to data for this record.
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Northwest Africa 13669

Basic Name: Northwest Africa 13669
information This is an OFFICIAL meteorite name.
Abbreviation: NWA 13669

Observed fall: No

Year found: 2020

Country: (Northwest Africa)
Mass:2/139.2 g

Martian [explanation]

Classification
history:

This is 1 of 29 approved meteorites classified as Martian (nakhlite). [show all]
Search for other: Martian meteorites

Comments: Approved 18 Jan 2021

Writeup?  Writeup from MB 110:
Northwest Africa 13669 (NWA 13669)

(Northwest Africa)

Purchased: 2020 Dec

Classification: Martian meteorite (Nakhlite)
History: Purchased in December 2020 by Said Yousfi from a dealer near the Morocco-Algeria border and then acquired
jointly by Mendy Ouzillou and Dustin Dickens.
Physical characteristics: This somewhat friable specimen was found in several pieces (total weight 139.2 g, comprising
stones of 66.1 g and 21.4 g plus other smaller fragments). The two larger stones are partially covered by black fusion crust
as are some of the fragments.
Petrography: (A. Irving, UWS and P. Carpenter, WUSL) The specimen has a cumulate texture with a mean grainsize of
~1.2 mm. It is composed of zoned augite, olivine, zoned ferropigeonite (with ferrosilite rims) and plagioclase together with
accessory titanomagnetite (with octahedral ilmenite exsolution lamellae), ite, pyrrhotite and i
mesostasis (consisting of K-rich glass with ferropigeonite microlites plus subhedral grains of titanomagnetite and
chlorapatite). Olivine contains veinlets of very fine grained, inhomogeneous Fe-rich "iddingsitic" material with oxide sums
~89 wt.%, and augite contains rare glassy melt inclusions (surrounded by radial cracks).
Geochemistry: Augite (Fs» g_37.6W040.5.34.9, FeO/MnO = 31-35, N = 5), olivine (Fag; 3.74.5, FeO/MnO = 47-48, N = 3),
forropigeonite (Fssg 461 sWO1 | 6.6.5 FCO/MnO = 33-34, N =2), ferrosilite rim (Fs70 ¢Wos g, FeO/MnO = 34), plagioclasc
(An343.3720r3 3.3 0. N = 2), ferropigeonite in mesostasis (Fss7 Woy | 7, FeO/MnO = 31), titanomagnetite (TiO 6.8 wt.%,
Cry05 0.6 wt.%).
Classification: Nakhlite.
Specimens: 20.2 g including a polished mount at UWB; remainder with Mr. M. Ouzillou and Mr. D. Dickens.

Data from:  Place of purchase:  Morocco

MB110 Date: P 2020 Dec
Table 0 Mass (g): 139.2
Line O: Pieces: several
Class: Martian (nakhlite)
Shock stage: low

Weathering grade:  low

Fayalite (mol%): 72.3-74.5

Ferrosilite (mol%):  22.8-37.6; 56.4-62.8

Wollastonite (mol%): 40.5-34.9; 11.7-6.5

Classifier: A. Irving, UWS, and P. Carpenter, WUSL

Type spec mass (g): 20.2

Type spec location: UWB

Main mass: M. Ouzillou and D. Dickens

Comments: Work name SY 79; submitted by A. Irving
Institutions  UWS: University of Washington, Department of Earth and Space Sciences, 70 Johnson Hall, Seattle, WA
98195, United States (institutional address; updated 15 Jan 2012)

and
wllEsitons WUSL: Washington Univ., One Brookings Drive, St. Louis, MO 63130, United States (institutional address;
updated 17 Oct 2011)
UWB: University of Washington, Box 353010 Seattle, WA 98195, United States (institutional address;
updated 27 Jul 2012)
Catalogs:

References: Published in Meteoritical Bulletin, no. 110, in preparation (2021)
Find references in NASA ADS:

Find references in Google Scholar:
Geography:  Coordinates:Unknown.

Statistics:
This is 1 of 8636 approved meteorites from (Northwest Africa) (plus 1884 unapproved names)
Also see: This lists the most popular meteorites among people who looked up this meteorite.

Revision This lists important revisions made to data for this record.
history:
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Northwest Africa 12564

Basic
information

Classification
history:

Comments:
Writeup 2/

Data from:
MB108
Table 0
Line O:

Institutions
and
collections
Catalogs:
References:

Geography:

Also see:

Revision
history:

Name: Northwest Africa 12564
This is an OFFICIAL meteorite name.
Abbreviation: NWA 12564
Observed fall: No
Year found: 2019
Country: (Northwest Africa)
Mass: 211918 g

Meteoritical Bulletin: MB 108 (2020) Martian (shergottite)
Recommended: Martian (shergottite) [explanation]

This is 1 of 284 approved meteorites (plus 2 unapproved names) classified as Martian
(shergottite). [show all]
Search for other: Martian meteorites

Approved 3 May 2019

Writeup from MB 108:

Northwest Africa 12564 (NWA 12564)

(Northwest Africa)

Purchased: 2019 Feb

Classification: Martian metcoritc (Shergottitc)
History: Purportedly found in Mauritania and purchased in February 2019 by Jaouad Chaoui and Rachid Chaoui from a
Mauritanian dealer.
Petrography: (A. Trving and S. Kuehner, UWFS) Diabasic texture (mean grainsize ~1 mm). Composed predominantly of
complexly-zoned clinoy and ite with accessory ti ite, ilmenite, chlorapatite, merrillite, and
pyrrhotite. Myrmekitic intergrowths consisting of silica polymorph + relatively sodic plagioclase are associated with more
calcic maskelynite and regions of K-rich glass containing blebs of pyrrhotite are also present.
Geochemistry: Subcalcic augite (Fss 545 6W032.2.25.4 FeO/MnO = 30-36, N = 3), ferropigeonite (Fsgs s Woy 5.9,
FeO/MnO = 39), large maskelynite grains (Angg 6.53 00t 32,0, N = 2), plagioclase in intergrowth with silica polymorph
(Anz4 gAbgs 40r3 ).
Classification: Shergottitc (aphyric, diabasic).
Specimens: 26.5 g including one polished thin section at UWB; remainder held jointly by J. Chaoui and R. Chaoui.

Place of purchase:  Mauritania

Date: P 2019 Feb

Mass (g): 1918

Pieces: il

Class: Martian (shergottite)
Shock stage: high

Weathering grade:  low

Ferrosilite (mol%):  22.5-48.6

Wollastonite (mol%): 32.2-25.4

Classifier: A. Irving and S. Kuehner, UWS

Type spec mass (g): 26.5

Type spec location: UWB

Main mass: J. Chaoui/R. Chaoui

Comments: Work name RC110.1; submitted by A. Irving

UWS: University of Washington, Department of Earth and Space Sciences, 70 Johnson Hall, Seattle, WA
98195, United States (institutional address; updated 15 Jan 2012)

UWB: University of Washington, Box 353010 Seattle, WA 98195, United States (institutional address;
updated 27 Jul 2012)

2020) Meteorit. Planet. Sci. 55, 1146-1150

Published in Meteoritical Bulletin, n
Find references in NASA ADS:

Find references in Google Scholar:
Coordinates: Unknown.

Statistics:
This is 1 of 8636 approved meteorites from (Northwest Africa) (plus 1884 unapproved names)

This lists the most popular meteorites among people who looked up this meteorite.
This lists important revisions made to data for this record.
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Data for a specific record:

Hassi Messaoud 001

Basic Name: Hassi Messaoud 001
information This is an OFFICIAL meteorite name.
Abbreviation: There is no official abbreviation for this meteorite.
Observed fall: No
Year found: 2020
Country: Algeria
Mass: 2! 75 g

Classification ded: Martian i [explanation]
history:

This is 1 of 29 approved meteorites classified as Martian (nakhlite). [show all]
Search for other: Martian meteorites

Comments; Approved 21 Feb 2021
Revised 4 Apr 2021: Fixed misspelled name

Writeup#  Writeup from MB 110:
Hassi Messaoud 001 31°51.11°N, 6°58.59’E

Ouargla, Algeria

Find: 2020 Mar 11

Classification: Martian meteorite (Nakhlite)
History: Found on March 11, 2020, near the town of El Borma. Later acquired in 2021 by Matthew Stream from Aziz Zad.
Physical characteristics: Specimen is grayish-brown and displays a slightly weathered, minor fusion crust.
Petrography: (D. Sheikh, FSU) Specimen displays a cumulate texture (~1.1 mm grainsize) consisting primarily of
compositionally zoned, prismatic or blocky (sometimes twinned) augite (displaying Fs-rich rims), ferroan olivine, and
plagioclase; modal abundances: 75% augite, 15% plagioclase, 5% olivine. Accessory phases (modal abundance: 5%) are
primarily found cither in the mesostasis or within melt inclusions in augite or olivine grains; these phases include
forropigeonite, low-ca pyroxene, titanomagnetite, Si-Al-Na-Fe-K-rich glass, and fluorapatite.
Geochemistry: Olivine (Fazs 3, | o, range Fagy ¢.74 5, Fe/Mn = 50=1, n=3), Augite (Fs3g.| 147W03g 411 4> range Fsy g
37.0W034.9.40 3, Fe/Mn = 324, n=47), Pigeonite (Fssg 6.4 9 W0g 53 g, range Fss3 362 9 Wog 6.14,0, Fe/Mn = 31£2, n=5),
Low-Ca Pyroxene (Fseg 524, W03, 1400, fange Fse| 1.70.2W03 .53, Fo/Mn = 35£2, n=R), Plagioclase (Anz; 2+ | 30r2.950.5»
Tange Ans 339 4012 g4 0, 1=27).
Classification: Martian (nakhlite). Sample is a martian meteorite due to the Fe/Mn ratios of olivine and pyroxene, and due
to the plagioclase composition. Sample is a nakhlite due to the high modal abundance of augite and cumulate texture
obscrved.
Specimens: 15.2 g at UCLA, main mass with Matthew Stream.

Data from: State/Prov/County:  Ouargla

MB110 Origin or pseudonym: El Borma
Table 0 Date: 2020 Mar 11
Line 0: Latitude: 31°51.11'N
Longitude: 6°58.59'E
Mass (g): 5]
Pieces: 4
Class: Martian (nakhlite)
Shock stage: low
Weathering grade:  low
Fayalite (mol%): 73.3£1.0

Ferrosilite (mol%): 64.5+4.1,58.6+4.9, 30.1+4.7
Wollastonite (mol%): 3.1+0.9, 9.9+3.8, 38414
Classifier: D. Sheikh, FSU
Type spec mass (g): 152
Type spec location:  UCLA
Main mass: M. Stream
Comments: Submitted by Daniel Sheikh
Institutions  UCLA: Institute of Geophysics and Planetary Physics, University of California, Los Angeles, CA 90095-1567,
and United States (institutional address; updated 17 Oct 2011)
collections ESU: Department of Geological Sciences, Florida State University, Tallahassee FL 32306-4100, United States
(institutional address; updated 16 Dec 2010)
Catalogs:
References: Published in Meteoritical Bulletin, no. 110, in preparation (2021)

Find references in NASA ADS: “ |
Find references in Google Scholar: Ggggle

Geography:  Coordinates:
Recommended:: (31°51' 7"N, 6° 58’ 35"E)

‘ Statistics:

This is 1 of 40 approved meteorites from Quargla, Algeria (plus 1 unapproved name)
This is 1 of 1213 approved meteorites from Algeria (plus 29 unapproved names) (plus 4 impact craters)
Proximity ~ Find nearby meteorites: enter search radius (km): | searcht]
search:
Also see: This lists the most popular meteorites among people who looked up this meteorite.
Synonyms®:  Hassi Messauod (Original misspelled name)
Revision This lists important revisions made to data for this record.
history:
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