Supplementary Information
SBOA-GI: A Physics-Informed Enhancement of the Secretary Bird Optimization Algorithm for Gravity Inversion, with an Honest Assessment of Its Limits on Field Data from the Charak Salt-Dome Province, Zagros, Iran
Reza Toushmalani — Department of Physics and Medical Engineering, Ra.C, Islamic Azad University, Rasht, Iran

This document accompanies the main manuscript and provides supplementary figures (S1–S6) referenced in the text, together with a description of the supplementary spreadsheets (Online Resource 1–5) containing the complete per-run numerical results underlying every summary statistic reported in the main text.


Supplementary Figures
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Fig. S1  Convergence of SBOA-GI, standard SBOA, and PSO on the fault model at 5% Gaussian noise.
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Fig. S2  Convergence of SBOA-GI, standard SBOA, and PSO on the fault model at 10% Gaussian noise.
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Fig. S3  RMSE distribution over 30 independent runs, fault model, all four algorithms, at 0/5/10% noise.
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Fig. S4  RMSE distribution over 30 independent runs, sphere model, all four algorithms, at 0/5/10% noise.
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Fig. S5  RMSE distribution over 30 independent runs, horizontal-cylinder model, all four algorithms, at 0/5/10% noise.
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Fig. S6  Dome 2 (Charak, secondary anomaly): observed residual anomaly, best-fit calculated field, and spatial misfit (observed − calculated), analogous to Fig. 6 of the main text for Dome 1.


Supplementary Spreadsheets (Online Resources)
The following comma-separated-value (.csv) files contain the complete, unaggregated results of every individual run underlying the summary statistics (means and standard deviations) reported in Tables 1–4 of the main text. Each row corresponds to one independent run of one algorithm under one noise/target condition; column definitions are given in the header row of each file.
Online Resource 1 (ESM_1.csv): All 360 individual runs (4 algorithms × 3 noise levels × 30 runs) for the synthetic fault model: recovered parameters, per-parameter relative error, RMSE, objective value, function evaluations, and CPU time. Underlies Table 1.
Online Resource 2 (ESM_2.csv): All 360 individual runs for the synthetic sphere model, same columns as ESM_1. Underlies Table 2 (sphere rows).
Online Resource 3 (ESM_3.csv): All 360 individual runs for the synthetic horizontal-cylinder model, same columns as ESM_1. Underlies Table 2 (cylinder rows).
Online Resource 4 (ESM_4.csv): All 120 individual runs (4 algorithms × 30 runs) of the real-data inversion for Dome 1 (Charak): recovered (x0, y0, z, A), objective value, RMS misfit in mGal, function evaluations, and CPU time. Underlies Table 3 (Dome 1 rows) and Figs. 6–7.
Online Resource 5 (ESM_5.csv): All 120 individual runs of the real-data inversion for Dome 2 (Charak), same columns as ESM_4. Underlies Table 3 (Dome 2 rows), Fig. 7, and Fig. S6.
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RMSE distribution over 30 independent runs — model=cylinder
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