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Abstract
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Magnetic properties of bottom sediment from different geological areas
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The specific magnetic properties of bottom sediment from different geological areas were studied.

Magnetic susceptibility has been used for observing movement, distribution and accumulation of magnetic

minerals in the bottom sediment from rivers and catchment area. SIRM, S-ratio and k are used to identify

the sources and classify the magnetic minerals which are formed in the bottom sediment of abandoned tin

mines. Magnetic susceptibility from two rivers increases from river source to catchment area, and from the

catchment area to the end of bay. The bottom sediment from abandoned tin mines contains the mixture of

ferrimagnetic material and more antiferomagnetic material. The magnetic minerals in the abandoned tin

mines, U-Tapao river and Bangyai river are found in geochemical materials such as soil and rock found

around the area.
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ß“π«‘®—¬π’È»÷°…“ ¡∫—µ‘‡©æ“–∑“ß·¡à‡À≈Á°¢Õß¥‘πµ–°Õπ∑âÕßπÈ”®“°æ◊Èπ∑’Ë́ ÷Ëß¡’≈—°…≥–‡™‘ß∏√≥’«‘∑¬“∑’Ë·µ°µà“ß

°—π ‚¥¬„™â§à“ ¿“æ√—∫‰«â‰¥â∑“ß·¡à‡À≈Á°¥Ÿ°“√‡§≈◊ËÕπµ—« °“√°√–®“¬µ—«·≈– – ¡µ—«¢Õß¥‘πµ–°Õπ„πæ◊Èπ∑’Ë§≈Õß

µ≈Õ¥∑—Èß “¬·≈–æ◊Èπ∑’Ë√Õß√—∫πÈ”®“°§≈Õß  à«πæ◊Èπ∑’Ë¢ÿ¡‡À¡◊Õß‡°à“Õ“»—¬§à“ k, SIRM ·≈– S-ratio ™à«¬„π°“√∫Õ°

∂÷ß∑’Ë¡“·≈–™π‘¥¢Õß·√à·¡à‡À≈Á°∑’Ë – ¡µ—«  º≈°“√»÷°…“ ¡∫—µ‘‡©æ“–∑“ß·¡à‡À≈Á°æ∫«à“ §à“ k ®“°§≈Õß∑—Èß Õß¡’

§à“‡æ‘Ë¡¢÷Èπ®“°æ◊Èπ∑’ËµâππÈ”‰ª∂÷ß®ÿ¥ ‘Èπ ÿ¥¢Õß§≈Õß ·≈–¡’§à“‡æ‘Ë¡¢÷Èπ®“°®ÿ¥ ‘Èπ ÿ¥¢Õß§≈Õß‰ª – ¡µ—«„π∫√‘‡«≥®ÿ¥

∫√√®∫√–À«à“ßæ◊Èπ∑’Ë√Õß√—∫πÈ”°—∫∑–‡≈ „π¥‘πµ–°Õπ∑âÕßπÈ”®“°¢ÿ¡‡À¡◊Õß‡°à“∑—Èß 6 ·Ààß ª√–°Õ∫¥â«¬·√à·¡à‡À≈Á°

„π°≈ÿà¡‡øÕ√å√’Ë·¡°‡πµ‘°º ¡°—∫·√à„π°≈ÿà¡·Õπ∑‘‡øÕ√å‚√·¡°‡πµ‘°¥â«¬ —¥ à«π¢Õß·√à„π°≈ÿà¡·Õπ∑‘‡øÕ√å‚√·¡°‡πµ‘°

∑’Ë¡“°°«à“ ´÷Ëß·√à·¡à‡À≈Á°¥—ß°≈à“«æ∫„π«— ¥ÿ∏√√¡™“µ‘®“°æ◊Èπ∑’Ë√Õ∫§≈ÕßÕŸàµ–‡¿“·≈–§≈Õß∫“ß„À≠à ·À≈àß∑’Ë¡“¢Õß

·√à·¡à‡À≈Á°„π§≈ÕßÕŸàµ–‡¿“ §≈Õß∫“ß„À≠à·≈–¢ÿ¡‡À¡◊Õß‡°à“¡“®“°«— ¥ÿ∏√≥’‡§¡’ ‡™àπ ¥‘π·≈–À‘π∑’Ëºÿæ—ß – ¡µ—«

®“°¬ÿ§∫√√æ°“≈„π·µà≈–æ◊Èπ∑’Ë

¥‘πµ–°Õπ∑âÕßπÈ”∑’Ëæ∫‚¥¬∑—Ë«‰ª¡“®“°°“√ºÿæ—ß
 ≈“¬µ—«¢Õß«— ¥ÿ∏√√¡™“µ‘·≈– “√·¢«π≈Õ¬∑’Ë∂Ÿ°æ—¥æ“
¡“ª–ªπ¡“°—∫πÈ”∑‘Èß  – ¡µ—«µ“¡∫√‘‡«≥µà“ßÊ „π·¡àπÈ”
≈”§≈Õß ®“°ß“π«‘®—¬¢Õß Thompson ·≈– Oldfield

(1986) ·≈– Peters ·≈– Thompson (1998) ´÷Ëß»÷°…“
 ¡∫—µ‘µà“ßÊ ∑“ß·¡à‡À≈Á°¢Õß«— ¥ÿ∏√√¡™“µ‘µà“ßÊ ®”æ«°
¥‘π À‘π ·√à‡À≈Á° ·≈–¥‘πµ–°Õπ®“°·À≈àß∏√√¡™“µ‘ π”
¡“„™â‡ªìπ∞“π¢âÕ¡Ÿ≈‡ª√’¬∫‡∑’¬∫ ¡∫—µ‘§«“¡‡ªìπ·¡à‡À≈Á°
„π«— ¥ÿ∏√√¡™“µ‘·µà≈–™π‘¥«à“¡’Õ¬Ÿà¡“°À√◊ÕπâÕ¬‡æ’¬ß„¥
 ¡∫—µ‘‡©æ“–∑“ß·¡à‡À≈Á°∑’Ë„™â°—π¡“°§◊Õ§à“ ¿“æ√—∫‰«â‰¥â
∑“ß·¡à‡À≈Á° (magnetic susceptibility: k) §à“¥—ß°≈à“«
 “¡“√∂„™â„π°“√»÷°…“°“√ – ¡µ—« °“√‡§≈◊ËÕπµ—«·≈–
°“√°√–®“¬µ—«¢Õß·√à·¡à‡À≈Á° (magnetic minerals)

(Watkins and Maher, 2003; Pozza et al., 2004;

Petrosky et al., 1998; Kapicka et al., 2001; Xie et

al.,  2001;  Hay  et  al.,  1997  ·≈–  Robertson  et  al.,

2003)  à«π°“√»÷°…“Õß§åª√–°Õ∫¢Õß·√à·¡à‡À≈Á°·≈–°“√
®”·π°™π‘¥¢Õß«— ¥ÿ·¡à‡À≈Á°®–Õ“»—¬«‘∏’°“√‡Àπ’Ë¬«π”·≈–
≈∫≈â“ßÕ”π“®·¡à‡À≈Á°µ°§â“ß·∫∫‰Õ‚´‡∑Õ√å¡—≈¡“„™â»÷°…“
æƒµ‘°√√¡¢Õß¡«≈ “√∑“ß·¡à‡À≈Á°®“°°“√‡Àπ’Ë¬«π”¥â«¬
 π“¡·¡à‡À≈Á°¿“¬πÕ°·∫∫§«“¡∂’ËµË” (low frequency)

(Charlesworth and Lees, 2001; Peters and Turner,

1999 ; Petrosky et al., 1998; Xie et al., 2001)

ªí®®ÿ∫—π¡’°“√ª√–¬ÿ°µå„™â ¡∫—µ‘‡©æ“–∑“ß·¡à‡À≈Á°
¥—ß°≈à“«¡“™à«¬„π°“√»÷°…“°“√ªπ‡ªóôÕπ¢Õß«— ¥ÿ∏√√¡™“µ‘
∫“ß™π‘¥„πæ◊Èπ∑’Ë∑—Ë«‰ª ‡π◊ËÕß®“°·√à·¡à‡À≈Á°‡ªìπ·√àæ◊Èπ∞“π
∑’Ëæ∫‰¥â„π«— ¥ÿ∏√√¡™“µ‘·≈–¡’§«“¡ “¡“√∂„π°“√¥Ÿ¥´—∫
‚≈À–Àπ—°æ«° —ß°– ’ ∑Õß·¥ß ·≈– “√ÀπŸ‰¥â¥’ (»ÿ¿¡“»,

2545;  Garcia  et  al.,  1999)  µ—«Õ¬à“ß‡™àπ  ß“π¢Õß
Kapicka ·≈–§≥– (2001) ·≈– Robertson ·≈–§≥–
(2003) ∑’Ëπ” ¡∫—µ‘∑“ß·¡à‡À≈Á°¡“µ√«® Õ∫·≈–»÷°…“
°“√ªπ‡ªóôÕπ¢Õß·√à·¡à‡À≈Á°·≈–‚≈À–Àπ—°„π¥‘π®“°º‘«
¥‘π¿“¬„π¿Ÿ‡¢“ Krkonose ª√–‡∑» “∏“√≥√—∞‡™Á° ·≈–
º‘«¥‘π®“°¿“¬„π·≈–¿“¬πÕ°‡¡◊Õß·¡π‡™ ‡µÕ√å ª√–‡∑»
Õ—ß°ƒ… µ“¡≈”¥—∫ ´÷Ëßß“π«‘®—¬∑—Èß Õßµà“ß°Áæ∫°“√ªπ‡ªóôÕπ
¢Õß·√à·¡à‡À≈Á°„πº‘«¥‘π„π√–¥—∫∑’Ë‰¡à Ÿß¡“° ·µà‡ªìπ°“√
ªπ‡ªóôÕπ∑’Ë‡°‘¥®“°‚√ßß“πÕÿµ “À°√√¡ ∑—Èßπ’È “¡“√∂π”
º≈®“° ¡∫—µ‘‡©æ“–∑“ß·¡à‡À≈Á°¡“»÷°…“√à«¡°—∫¢âÕ¡Ÿ≈®“°
≈—°…≥–∑“ß¿Ÿ¡‘»“ µ√åÀ√◊Õª√‘¡“≥‚≈À–Àπ—°∑’Ëª–ªπÕ¬Ÿà„π
«— ¥ÿ∏√√¡™“µ‘ ‡™àπ‡¥’¬«°—∫∑’Ë ‰µ√¿æ ·≈– ¥√ÿ≥’ (2545)

„™â‡∑§π‘§¥—ß°≈à“«»÷°…“ª√‘¡“≥‚≈À–Àπ—°·≈– ¡∫—µ‘∑“ß
·¡à‡À≈Á°„π¥‘πµ–°Õπ∑–‡≈ “∫ ß¢≈“ ‡æ◊ËÕÀ“∑’Ë¡“¢Õß
‚≈À–Àπ—°¥—ß°≈à“«®“°≈—°…≥–∑“ß¿Ÿ¡‘»“ µ√å·≈– ¡∫—µ‘
∑“ß·¡à‡À≈Á°¢Õß«— ¥ÿ∏√√¡™“µ‘„πæ◊Èπ∑’Ëµà“ßÊ √Õ∫æ◊Èπ∑’Ë
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¥—ß°≈à“«  Petrosky ·≈–§≥– (1998) π” ¡∫—µ‘∑“ß
·¡à‡À≈Á°¡“»÷°…“√à«¡°—∫‚≈À–Àπ—°„π¥‘πµ–°Õπ∑–‡≈ “∫
Nechranice µÕπ‡Àπ◊Õ¢Õß‚∫Œ’‡¡’¬ ª√–‡∑» “∏“√≥√—∞
‡™Á° ‡æ◊ËÕ¥Ÿ°“√ªπ‡ªóôÕπ¢Õß‚≈À–Àπ—°∑’Ë‡ªìπæ‘…®“°‚√ß
‰øøÑ“‚¥¬π”‡Õ“º≈∑“ß·¡à‡À≈Á°¢â“ßµâπ¡“æ‘®“√≥“°“√
°√–®“¬µ—«¢Õß·√à·¡à‡À≈Á°„π‡™‘ß¿Ÿ¡‘»“ µ√å¢Õßæ◊Èπ∑’Ë
¥—ß°≈à“«‰¥â  ‡™àπ‡¥’¬«°—∫∑’Ë  Xie  ·≈–§≥–  (2001)  ·≈–
Hay ·≈–§≥– (1997) π” ¡∫—µ‘∑“ß·¡à‡À≈Á°¡“„™â«‘‡§√“–Àå
°“√°√–®“¬µ—«‡™‘ß¿Ÿ¡‘»“ µ√å¢Õß‚≈À–Àπ—°®“°¥‘π™—Èπ∫π
„πª√–‡∑»Õ—ß°ƒ… ·≈–‡«≈ å  πÕ°®“°π’È “¡“√∂π”§à“ k

¡“»÷°…“À“§«“¡ —¡æ—π∏å√à«¡°—∫ª√‘¡“≥‚≈À–Àπ—°∫“ß
™π‘¥‡™àπ ‡À≈Á°  “√ÀπŸ  —ß°– ’ µ–°—Ë« ·≈–∑Õß·¥ß ´÷Ëß
· ¥ß„π√Ÿª¢Õß§à“ —¡ª√– ‘∑∏‘Ï À —¡æ—π∏å (R) ∑’Ë„™â„π°“√
∫Õ°§«“¡ —¡æ—π∏å√–À«à“ßµ—«·ª√∑—Èß Õß«à“¡’§«“¡ —¡æ—π∏å
°—πÀ√◊Õ‰¡à  ¥—ß∑’Ë„™â„πß“π«‘®—¬¢Õß Petrosky ·≈–§≥–
(2001);  Xie ·≈–§≥– (2001); Chan ·≈–§≥– (1998);

Strzyszcz ·≈– Magiera (1998) ·≈– Hay ·≈–§≥–
(1997)

ß“π«‘®—¬π’È‡ªìπ à«πÀπ÷Ëß¢Õß‚§√ßß“π«‘®—¬°“√»÷°…“
 À —¡æ—π∏å√–À«à“ß ¡∫—µ‘∑“ß·¡à‡À≈Á°¢Õßµ–°Õπ°—∫‚≈À–
Àπ—°„πµ–°Õπ§≈ÕßÕŸàµ–‡¿“®—ßÀ«—¥ ß¢≈“ ‚§√ßß“π«‘®—¬
°“√»÷°…“ ¡∫—µ‘∑“ß·¡à‡À≈Á°·≈–§«“¡‡¢â¡√—ß ’Õ—≈ø“„π
¥‘πµ–°Õπ∑âÕßπÈ”®“°¢ÿ¡‡À¡◊Õß„π®—ßÀ«—¥¿Ÿ‡°Áµ ·≈–°“√
»÷°…“ ¡∫—µ‘∑“ß·¡à‡À≈Á°·≈–§«“¡‡¢â¡¢âπ¢Õßª√‘¡“≥
‚≈À–Àπ—°„π¥‘πµ–°Õπ∑âÕßπÈ”∫√‘‡«≥æ◊Èπ∑’Ë√Õß√—∫πÈ”∑‘Èß
§≈Õß∫“ß„À≠à ®—ßÀ«—¥¿Ÿ‡°Áµ ¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ»÷°…“ ¡∫—µ‘
‡©æ“–∑“ß·¡à‡À≈Á°¢Õß¥‘πµ–°Õπ∑âÕßπÈ” ·≈–«‘‡§√“–Àå
°“√°√–®“¬µ—«¢Õß·√à·¡à‡À≈Á°·≈–‚≈À–Àπ—°‡æ◊ËÕª√–‡¡‘π
∂÷ßº≈°√–∑∫∑“ß ‘Ëß·«¥≈âÕ¡ æ√âÕ¡∑—Èß»÷°…“∂÷ß∑’Ë¡“¢Õß
‚≈À–Àπ—°¥—ß°≈à“«

∏√≥’«‘∑¬“¢Õßæ◊Èπ∑’Ë»÷°…“

1. §≈ÕßÕŸàµ–‡¿“µ—ÈßÕ¬Ÿà„πæ◊Èπ∑’Ë≈ÿà¡πÈ”∑–‡≈ “∫ ß¢≈“
µâππÈ”‡°‘¥®“°‡∑◊Õ°‡¢“ —π°“≈“§’√’ „πµ”∫≈ ”π—°·µâ«
Õ”‡¿Õ –‡¥“ ¡’§«“¡¬“«∑—Èß ‘Èπª√–¡“≥ 90 °¡. ¡’§≈Õß
‡≈Á°Ê À≈“¬ “¬‰À≈¡“√«¡°—π ‰¥â·°à §≈Õß«“¥ §≈ÕßµË”
§≈Õß®”‰À√  §≈ÕßÀÕ¬‚¢àß  §≈Õß –‡¥“  ·≈–§≈ÕßÀ«–
§≈ÕßÕŸàµ–‡¿“®–‰À≈ºà“π‡¢µÕ”‡¿Õ –‡¥“·≈–Õ”‡¿Õ

À“¥„À≠à ≈ß Ÿà∑–‡≈ “∫ ß¢≈“∑’Ë∫â“π·À≈¡‚æ∏‘Ï Õ”‡¿Õ
À“¥„À≠à ®—ßÀ«—¥ ß¢≈“ ¥—ß Figure 1a æ◊Èπ∑’Ë´÷ËßÕ¬Ÿà„°≈â°—∫
§≈ÕßÕŸàµ–‡¿“‚¥¬¡“°®–‡ªìπ√“∫≈ÿà¡ ÷́Ëß‡°‘¥®“°µ–°Õπ
∑—∫∂¡¢Õß≈”πÈ” “¢“∑”„Àâæ◊Èπ∑’Ë¥—ß°≈à“«Õÿ¥¡ ¡∫Ÿ√≥å¥â«¬
æ◊™æ√√≥∏√√¡™“µ‘µà“ßÊ ( ”π—°ß“π ‘Ëß·«¥≈âÕ¡¿“§∑’Ë 12,

2543)

2. §≈Õß∫“ß„À≠à¡’§«“¡¬“« 8,000 ‡¡µ√ µ—ÈßÕ¬Ÿà
∫√‘‡«≥µÕπ≈à“ß¢Õß®—ßÀ«—¥¿Ÿ‡°Áµ„π‡¢µæ◊Èπ∑’ËÕ”‡¿Õ°–∑Ÿâ
®√¥‡¢µÕ”‡¿Õ‡¡◊Õß  ‘Èπ ÿ¥∑’Ë∑–‡≈∫√‘‡«≥Õà“«¿Ÿ‡°Áµ ¥—ß
Figure 1b µâππÈ”¢Õß§≈Õß∫“ß„À≠à¡“®“°≈”Àâ«¬‡≈Á°Ê
·≈–®“°§≈Õß∫“ß«“¥„πÕ”‡¿Õ°–∑Ÿâ πÕ°®“°π’È¡’·À≈àßπÈ”
∑’Ë¡“®“°∫â“π‡√◊Õπ·≈–™ÿ¡™π¢π“¥‡≈Á°∑’ËÕ“»—¬Õ¬Ÿà°√–®—¥
°√–®“¬„°≈â°—∫æ◊Èπ∑’Ë¥—ß°≈à“« „π à«π¢Õßæ◊Èπ∑’Ë√Õß√—∫πÈ”
∑‘Èß§≈Õß∫“ß„À≠à¡’≈—°…≥–‡ªìπÀ“¥∑√“¬º ¡°—∫∑’Ë√“∫≈ÿà¡
™“¬Ωíòß ≈—∫°—∫ªÉ“™“¬‡≈π À√◊ÕªÉ“‚°ß°“ß∑’Ë¡’πÈ”∑à«¡∂÷ß
∑Õ¥¬“«ÕÕ°‰ª®π∂÷ßÕà“«¿Ÿ‡°Áµ„π∑‘»µ–«—πÕÕ°‡©’¬ß„µâ

3. ¢ÿ¡‡À¡◊Õß‡°à“∑’Ë®–»÷°…“¥‘πµ–°Õπ∑âÕßπÈ”¡’
®”π«π 6 ¢ÿ¡„π 3 Õ”‡¿Õ¢Õß®—ßÀ«—¥¿Ÿ‡°Áµ ¥—ß Figure 1c

‰¥â·°à ¢ÿ¡‡À¡◊Õß‡°à“ (‰¡à¡’™◊ËÕ) #3 (M1) ·≈–¢ÿ¡‡À¡◊Õß‡°à“
∫√‘…—∑ ‚°¬ ¡∫Ÿ√≥å ®”°—¥ #3 (M2) µ—ÈßÕ¬Ÿà„πÕ”‡¿Õ‡¡◊Õß
¢ÿ¡‡À¡◊Õß ∫√‘…—∑ Õπÿ¿“… ®”°—¥ #3 (K1) ·≈–¢ÿ¡‡À¡◊Õß
 π“¡°Õ≈åø≈ÁÕ°ª“≈å¡ (K2) µ—ÈßÕ¬Ÿà„πÕ”‡¿Õ°–∑Ÿâ  ¢ÿ¡
‡À¡◊Õßπ° (T1) ·≈–¢ÿ¡‡À¡◊Õß∫“ß¡–√«π #4(T2) µ—ÈßÕ¬Ÿà
„πÕ”‡¿Õ∂≈“ß ( ”π—°ß“πº—ßª√–‡∑»·≈–º—ß¿“§, 2546)

«— ¥ÿÕÿª°√≥å ·≈–«‘∏’°“√∑¥≈Õß

1. °“√‡°Á∫µ—«Õ¬à“ß¥‘πµ–°Õπ∑âÕßπÈ”

æ◊Èπ∑’Ë»÷°…“∑—ÈßÀ¡¥·¬°ÕÕ°‡ªìπ 3  à«π„À≠àÊ ‰¥â·°à
æ◊Èπ∑’Ë¿“¬„π§≈Õßµ≈Õ¥ “¬´÷Ëß®—¥«à“‡ªìπ√–∫∫‡ªî¥‡π◊ËÕß
®“°¡’πÈ”À¡ÿπ‡«’¬πµ≈Õ¥‡«≈“   à«π∑’Ë Õß‡ªìπæ◊Èπ∑’Ë√Õß√—∫
πÈ”®“°§≈Õß∑—Èß Õß®—¥«à“‡ªìπ√–∫∫ªî¥·≈–‡ªî¥√«¡°—π
‡π◊ËÕß®“°¡’πÈ”∫“ß à«πÀ¡ÿπ‡«’¬π¡“ª–ªπ°—∫πÈ”∑’Ë – ¡µ—«
„πæ◊Èπ∑’Ë¥—ß°≈à“«  à«π ÿ¥∑â“¬‡ªìπæ◊Èπ∑’Ë¢ÿ¡‡À¡◊Õß‡°à“∑’Ë®—¥
«à“‡ªìπ√–∫∫ªî¥  °“√‡°Á∫µ—«Õ¬à“ß¥‘πµ–°Õπ∑âÕßπÈ”®“°
æ◊Èπ∑’Ë¿“¬„π≈”§≈ÕßÕ“»—¬°“√‡°Á∫¥â«¬‡§√◊ËÕß‡°Á∫¥‘πµ–°Õπ
∑âÕßπÈ”®“°∫π –æ“π¢â“¡§≈Õß  à«πæ◊Èπ∑’ËÕ’° Õß à«π∑’Ë
‡À≈◊ÕÕ“»—¬°“√‡°Á∫¥‘πµ–°Õπ®“°∫π‡√◊Õ ´÷Ëß¡’°“√°”Àπ¥
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Figure 1. Map showing study area (a) U-Tapao river and Songkhla lake, Songkhla province

(b)  Bang  Yai  river  and  Bang  Yai  river  catchment,  Phuket  province  (c)  the

abandoned tin mine reservoir sampling sites in Phuket province.

[Color figure can be viewed in the electronic version]

(a)

(b)
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µ”·Àπàß∑’Ë∑”°“√‡°Á∫µ—«Õ¬à“ß¥â«¬‡§√◊ËÕß«—¥æ‘°—¥¥“«‡∑’¬¡
GPS (Garmin √ÿàπ etrex) ‚¥¬°”Àπ¥„Àâ·µà≈–µ”·Àπàß∑’Ë
‡°Á∫µ—«Õ¬à“ß· ¥ß¥—ß Figure 1a 1b ·≈– 1c ¥‘πµ–°Õπ
∑âÕßπÈ”∑’Ë‡°Á∫‰¥â∑—ÈßÀ¡¥®–∂Ÿ°π”‰ªÕ∫‰≈à§«“¡™◊Èπ∑’ËÕÿ≥À¿Ÿ¡‘
100ºC ‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß ®“°π—Èππ”‰ª§—¥·¬°¢π“¥
¥â«¬µ–·°√ß√àÕπ·¬°¢π“¥´÷Ëß∑”¥â«¬‡À≈Á°‰√â π‘¡ (Retsch,

Germany) ‡ªìπ 4 ™à«ß¢π“¥‡¡Á¥µ–°Õπ§◊Õ ‡≈Á°°«à“ 75

‰¡§√Õπ 75 ∂÷ß 106 ‰¡§√Õπ  106 ∂÷ß 150 ‰¡§√Õπ
·≈– 150 ∂÷ß 300 ‰¡§√Õπ ‡æ◊ËÕπ”‰ª∑¥ Õ∫ ¡∫—µ‘‡©æ“–
∑“ß·¡à‡À≈Á° ·≈–«‘‡§√“–Àåª√‘¡“≥‚≈À–Àπ—°

2. °“√‡µ√’¬¡µ—«Õ¬à“ß ”À√—∫«‘‡§√“–Àå ¡∫—µ‘∑“ß·¡à‡À≈Á°

°“√‡µ√’¬¡µ—«Õ¬à“ß ”À√—∫°“√∑¥≈Õß„πß“π«‘®—¬
 ¡∫—µ‘∑“ß·¡à‡À≈Á° ª√–°Õ∫¥â«¬ 2  à«π ‰¥â·°à °“√‡µ√’¬¡
µ—«Õ¬à“ß‡æ◊ËÕ„™â„π°“√«—¥§à“ ¿“æ√—∫‰«â‰¥â∑“ß·¡à‡À≈Á°
Õ“»—¬°“√µ«ß¥‘πµ–°Õπ 10 ¡≈. ∫√√®ÿ≈ß„π°≈àÕßøî≈å¡

æ≈“ µ‘° ‡æ◊ËÕπ”‰ª«—¥§à“ ¿“æ√—∫‰«â‰¥â∑“ß·¡à‡À≈Á°¥â«¬
‡§√◊ËÕß«—¥§à“ ¿“æ√—∫‰«â‰¥â∑“ß·¡à‡À≈Á° (KLY-3S spinning

kappabridge ¢Õß∫√‘…—∑ AGICO) (Collinson, 1983)

 à«π∑’Ë Õß‡ªìπ°“√‡µ√’¬¡µ—«Õ¬à“ß ”À√—∫∑¥≈Õß°“√
‡Àπ’Ë¬«π”·≈–≈∫≈â“ßÕ”π“®·¡à‡À≈Á°µ°§â“ß·∫∫‰Õ‚´‡∑Õ¡—≈
(isothermal remanent magnetization: IRM) ‚¥¬π”
¥‘πµ–°Õπ¡“¢÷Èπ√Ÿª‡ªìπ∑√ß°√–∫Õ°¡’‡ âπºà“»Ÿπ¬å°≈“ß 2.4

´¡.  Ÿß 2.2 ´¡.„Àâ‡À¡“– ¡™àÕß∫√√®ÿµ—«Õ¬à“ß¢Õß‡§√◊ËÕß
«—¥§à“ ¿“«–µ°§â“ß∑“ß·¡à‡À≈Á°∏√√¡™“µ‘ (JR-4 spinner

magnetometer  ¢Õß∫√‘…—∑ UGF)  (Dunlop  and
˙̇Ozdemir,  1997) ‡æ◊ËÕ∑¥ Õ∫À“§à“ ¿“«–µ°§â“ß∑“ß
·¡à‡À≈Á°®“°°“√‡Àπ’Ë¬«π”·≈–≈∫≈â“ßÕ”π“®·¡à‡À≈Á°
µ°§â“ß·∫∫‰Õ‚´‡∑Õ¡—≈

3. °“√«‘‡§√“–Àå ¡∫—µ‘‡©æ“–∑“ß·¡à‡À≈Á°

 ¡∫—µ‘∑“ß·¡à‡À≈Á°∑’Ë∂Ÿ°π”¡“„™â„π°“√ —ß‡°µ

Figure 1.  Continued

[Color figure can be viewed in the electronic version]

(c)
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æƒµ‘°√√¡¢Õß°“√ – ¡µ—« °“√‡§≈◊ËÕπµ—«·≈–°“√°√–®“¬
µ—«¢Õß¥‘πµ–°Õπ∑âÕßπÈ”∑’Ë„™â°—π¡“° ‰¥â·°à §à“ ¿“æ√—∫‰«â
‰¥â∑“ß·¡à‡À≈Á° (k) ‚¥¬π”º≈®“°§à“ k ¡“‡ª√’¬∫‡∑’¬∫„π
‡™‘ß¿Ÿ¡‘»“ µ√å°—∫æ◊Èπ∑’Ë»÷°…“·µà≈–æ◊Èπ∑’Ë  πÕ°®“°π’ÈÕ“»—¬
°“√‡Àπ’Ë¬«π”Õ”π“®·¡à‡À≈Á°µ°§â“ß¥â«¬ π“¡·¡à‡À≈Á°
¿“¬πÕ° (saturation isothermal remanent magnet-

ization: SIRM) ·≈–§à“ S-ratio (§à“ IRM-300 mT/

SIRM) ¡“„™â„π°“√®”·π°™π‘¥¢Õß·√à·¡à‡À≈Á°„π¥‘π
µ–°Õπ∑âÕßπÈ” ¥—ß∑’Ë Thompson ·≈– Oldfield (1986)

π”¡“«‘‡§√“–Àå ¡∫—µ‘∑“ß·¡à‡À≈Á°¢Õß«— ¥ÿ∏√√¡™“µ‘ ‚¥¬
µ—«Õ¬à“ß∑’Ë¡’§à“ S-ratio ‡¢â“„°≈â -1 ‡ªìπ«— ¥ÿ∑’Ë¡’·√à·¡à‡À≈Á°
∑’Ë “¡“√∂‡Àπ’Ë¬«π”·≈–≈∫≈â“ßÕ”π“®·¡à‡À≈Á°µ°§â“ß¥â«¬
 π“¡·¡à‡À≈Á°¿“¬πÕ°‰¥âßà“¬ ‰¥â·°à «— ¥ÿæ«°∑’Ë¡’·√à„π
°≈ÿà¡‡øÕ√å√’Ë·¡°‡πµ‘° (ferrimagnetic minerals) º ¡
√à«¡°—∫·√à„π°≈ÿà¡·Õπ∑‘‡øÕ√å‚√·¡°‡πµ‘° (antiferro-

magnetic minerals)   à«π§à“ S-ratio ‡¢â“„°≈â 1 ‡ªìπ
«— ¥ÿ∑’Ë¡’·√à·¡à‡À≈Á°∑’Ë “¡“√∂‡Àπ’Ë¬«π”·≈–≈∫≈â“ßÕ”π“®
·¡à‡À≈Á°µ°§â“ß‰¥â¬“° ·√à·¡à‡À≈Á°∑’Ë¡’æƒµ‘°√√¡ Õ¥§≈âÕß
°—∫§à“ S-ratio ‡¢â“„°≈â 1 ‰¥â·°à æ«°·√à∑’Ë¡’Õß§åª√–°Õ∫
‡ªìπ·√à‡øÕ√å√’Ë·¡°‡πµ‘°‡ªìπ®”π«π¡“° ‡™àπ ·√à‡À≈Á° ·≈–
·√à·¡°π’‰∑µå  à«π·√à·¡à‡À≈Á°∑’Ë¡’æƒµ‘°√√¡ Õ¥§≈âÕß°—∫
§à“ S-ratio ‡¢â“„°≈â 0 ‰¥â·°à æ«°·√àŒ’¡“‰∑µåÀ√◊Õ‡°Õ‰∑µå
´÷Ëß‡ªìπ·√à„π°≈ÿà¡·Õπ∑‘‡øÕ√å‚√·¡°‡πµ‘°

º≈·≈–°“√«‘®“√≥åº≈°“√∑¥≈Õß

1. §à“ ¿“æ√—∫‰«â‰¥â∑“ß·¡à‡À≈Á°

§à“ k ∑’Ëπ”¡“™à«¬„π°“√ —ß‡°µæƒµ‘°√√¡¢Õß°“√
‡§≈◊ËÕπµ—« °“√°√–®“¬µ—« ·≈–°“√ – ¡µ—«¢Õß·√à·¡à‡À≈Á°
„π¥‘πµ–°Õπ∑âÕßπÈ”  ·∫àß°“√«‘‡§√“–Àåµ“¡≈—°…≥–¢Õß
æ◊Èπ∑’Ë«‘®—¬ÕÕ°‡ªìπ 3  à«π§◊Õ æ◊Èπ∑’Ë´÷Ëß¡’≈—°…≥–‡ªìπ√–∫∫
‡ªî¥ (§≈Õß) √–∫∫ªî¥·≈–‡ªî¥√à«¡°—π (∑–‡≈ “∫·≈–æ◊Èπ∑’Ë
√Õß√—∫πÈ”∑‘Èß)  ÿ¥∑â“¬æ◊Èπ∑’Ë√–∫∫ªî¥ (¢ÿ¡‡À¡◊Õß‡°à“)

1.1 §≈ÕßÕŸàµ–‡¿“·≈–§≈Õß∫“ß„À≠à

§à“ k ¢Õß¥‘πµ–°Õπ∑âÕßπÈ”§≈ÕßÕŸàµ–‡¿“
·≈–§≈Õß∫“ß„À≠à‚¥¬‡©≈’Ë¬¡’§à“Õ¬Ÿà„π™à«ß 10 ∂÷ß 136 µSI

·≈– 3.85 ∂÷ß 18.56 µSI µ“¡≈”¥—∫ ‡¡◊ËÕπ”¡“· ¥ßº≈
„π‡™‘ß¿Ÿ¡‘»“ µ√å¥—ß Figure 2 æ∫«à“ §à“ k ¡’æƒµ‘°√√¡

‡æ‘Ë¡¢÷Èπ®“°·À≈àßµâππÈ”‰ª®√¥∫√‘‡«≥∑â“¬§≈Õß‡À¡◊Õπ°—π
·≈–¡’æƒµ‘°√√¡°“√§ßµ—«¢Õß§à“ k „π™à«ß„°≈âª“°§≈Õß
∑’Ë‡À¡◊Õπ°—π  ‡π◊ËÕß®“°™à«ß°≈“ß¢Õß≈”§≈Õß®√¥ª≈“¬
≈”§≈Õß∑—Èß Õßºà“πæ◊Èπ∑’Ë™ÿ¡™π ·µà§≈ÕßÕŸàµ–‡¿“¡’§à“ k ∑’Ë
¡“°°«à“§≈Õß∫“ß„À≠à¡“° ‡π◊ËÕß®“°§≈ÕßÕŸàµ–‡¿“¬“«
°«à“§≈Õß∫“ß„À≠à§àÕπ¢â“ß¡“°∑”„Àâ°“√ – ¡µ—«¢Õß¥‘π
µ–°Õπ∑’Ë¡“®“°«— ¥ÿ·¡à‡À≈Á°√Õ∫Ê ≈”§≈Õß„π§≈Õß
ÕŸàµ–‡¿“¡’¡“°°«à“§≈Õß∫“ß„À≠à  à«π§«“¡º‘¥ª°µ‘¢Õß§à“
k ®“°§≈ÕßÕŸàµ–‡¿“„π∫“ß™à«ß¢Õß≈”§≈Õß (µ—«Õ¬à“ß U3)

‡ªìπº≈¡“®“°æ◊Èπ∑’Ë∑’Ë§≈Õßµ—¥ºà“π¥—ß°≈à“«ª√–°Õ∫¥â«¬
 «π¬“ß ™ÿ¡™πµà“ßÊ ·≈–‚√ßß“πÕÿµ “À°√√¡®”π«π¡“°
∑”„Àâ·√à·¡à‡À≈Á°∑’Ë¡“®“°°‘®°√√¡µà“ßÊ ¢Õß¡πÿ…¬å¡“
ª–ªπ„π¥‘πµ–°Õπ∑’Ë¡’Õ¬Ÿàµ“¡∏√√¡™“µ‘∑”„Àâ‡°‘¥§«“¡
º‘¥ª°µ‘¢Õß§à“ k ¢÷Èπ¡“  à«π°“√‡æ‘Ë¡¢÷Èπ¢Õß§à“ k ∑’Ë‡°‘¥
¢÷Èπ°—∫§≈Õß∫“ß„À≠à¡’ “‡Àµÿ‡™àπ‡¥’¬«°—∫§≈ÕßÕŸàµ–‡¿“ ·µà
æ∫ª√‘¡“≥§à“ k ∑’ËπâÕ¬°«à“ √«¡∑—Èß‡°‘¥®“°°“√‡§≈◊ËÕπµ—«
·≈– – ¡µ—«¢Õß¥‘πµ–°Õπ®“°·À≈àßµà“ßÊ √Õ∫≈”§≈Õß
µ“¡∏√√¡™“µ‘ ∑—Èßπ’È¥‘πµ–°Õπ∑’Ë∂Ÿ°æ—¥æ“‰¥â¥’‚¥¬¡“°®–
‡ªìπ¥‘πµ–°Õπ∑’Ë¡’¢π“¥‡≈Á°

1.2 ∑–‡≈ “∫ ß¢≈“·≈–æ◊Èπ∑’Ë√Õß√—∫πÈ”∑‘Èß§≈Õß

∫“ß„À≠à

¥‘πµ–°Õπ∑âÕßπÈ”®“°∑–‡≈ “∫ ß¢≈“®“°
µ—«Õ¬à“ß SL1 ∂÷ßµ—«Õ¬à“ß SL30 ¡’§à“ k Õ¬Ÿà„π™à«ß 34 ∂÷ß
200  µSI  ¡’§à“‡©≈’Ë¬‡∑à“°—∫  131.9  µSI  ∂â“æ‘®“√≥“„π
≈—°…≥–°“√°√–®“¬µ—«·∫∫§Õπ∑—«√å‡ª√’¬∫‡∑’¬∫‡™‘ß
¿Ÿ¡‘»“ µ√å¥—ß Figure 3 æ∫«à“ §à“ k ®–¡’§à“§àÕπ¢â“ß¡“°
„πæ◊Èπ∑’Ë„°≈â®ÿ¥ ‘Èπ ÿ¥¢Õß§≈ÕßÕŸàµ–‡¿“·≈–‡°“–¬Õ ‚¥¬§à“
k „π¢π“¥‡¡Á¥µ–°Õπ‡≈Á°°«à“ 75 ‰¡§√Õπ ¡’≈—°…≥–°“√
°√–®“¬µ—«‡æ‘Ë¡¢÷Èπ®“°„π∑–‡≈ “∫ ß¢≈“‰ª Ÿà∫√‘‡«≥™àÕß
·§∫∑“ßÕÕ° Ÿà∑–‡≈πÕ° (Figure 3a)   à«π¢π“¥‡¡Á¥
µ–°Õπ∑’Ë‡À≈◊Õ¡’≈—°…≥–¢Õß°“√ – ¡µ—«¢Õß§à“ k „π
∫√‘‡«≥æ◊Èπ∑’Ë„°≈â®ÿ¥ ‘Èπ ÿ¥¢Õß§≈ÕßÕŸàµ–‡¿“·≈–‡°“–¬Õ
 à«π¥‘πµ–°Õπ∑âÕßπÈ”®“°æ◊Èπ∑’Ë√Õß√—∫πÈ”∑‘Èß§≈Õß∫“ß„À≠à
®“°µ—«Õ¬à“ß B10-1 ∂÷ßµ—«Õ¬à“ß B15-1 ¡’§à“ k Õ¬Ÿà„π™à«ß
2.76 ∂÷ß 21.94 µSI ¡’§à“‡©≈’Ë¬‡∑à“°—∫ 13.08 µSI  ∂â“
æ‘®“√≥“„π≈—°…≥–°“√°√–®“¬µ—«·∫∫§Õπ∑—«√å‡ª√’¬∫
‡∑’¬∫‡™‘ß¿Ÿ¡‘»“ µ√å¥—ß Figure 4 æ∫«à“§à“ k ®–¡’§à“§àÕπ
¢â“ß¡“°„πæ◊Èπ∑’Ë„°≈â°—∫Õà“«¿Ÿ‡°Áµ (Àà“ß®“°™“¬Ωíòßª√–¡“≥
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(b)

Figure 2. Geological of magnetic susceptibility level of  bottom sediment from U-Tapao and

Bang Yai river.

[Color figure can be viewed in the electronic version]

(a)
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Figure 3. Contour showing distribution of magnetic susceptibility from bottom sediment in

Songkhla Lake, Songkhla province.

Figure 4. Contour showing distribution of magnetic susceptibility from bottom sediment in

Bang Yai catchment, Phuket province.

[Color figure can be viewed in the electronic version]
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Table 1. Magnetic susceptibility of bottom sediment from 6 abandon tin mines. (µµµµµSI)

Site Grain size < 75 µµµµµm Grain size 75-106 µµµµµm Grain size 106-150 µµµµµm Grain size 150-300 µµµµµm Average

T1 8.73 12.36 18.41 30.60 15.61
T2 8.95 9.47 9.29 9.54 9.88
M1 4.72 4.72 4.27 3.28 6.49
M2 17.69 15.47 15.30 16.05 17.75
K1 10.29 11.46 12.09 15.74 12.79
K2 9.68 7.68 6.59 5.17 7.99

1 °¡.) ≈—°…≥–°“√°√–®“¬µ—«¢Õß§à“ k „π∑ÿ°¢π“¥‡¡Á¥
µ–°Õπ¡’≈—°…≥–§≈â“¬°—π§◊Õ ¡’°“√·æ√à°√–®“¬µ—«¢Õß§à“ k

ÕÕ°‰ª√Õ∫Ê æ◊Èπ∑’Ë´÷Ëß‡ªìπµ”·Àπàß∑’Ë‡°Á∫µ—«Õ¬à“ß ·≈–¡’
°“√‡æ‘Ë¡¢÷Èπ¢Õß§à“ k ®“°®ÿ¥ ‘Èπ ÿ¥¢Õß§≈Õß∫“ß„À≠à‰ª Ÿà
∑–‡≈µ“¡‡ âπ∑“ß°“√‰À≈¢ÕßπÈ”µ“¡√àÕßπÈ”„πæ◊Èπ∑’Ë¥—ß°≈à“«
æƒµ‘°√√¡°“√‡æ‘Ë¡¢÷Èπ¢Õß§à“ k ®“°®ÿ¥ ‘Èπ ÿ¥¢Õß§≈Õß‰ª
 Ÿà∑–‡≈∑’Ë‡°‘¥¢÷Èπ°—∫æ◊Èπ∑’Ë∑—Èß Õß‡°‘¥®“°ª√“°Ø°“√≥åπÈ”¢÷Èπ-
πÈ”≈ß∑’Ë‡°‘¥¢÷Èπ‡ªìπª√–®”µ“¡∏√√¡™“µ‘™à«¬„π°“√æ—¥æ“
¥‘πµ–°Õπ∑’Ë¡’¢π“¥‡≈Á°·≈–‡∫“ÕÕ° Ÿà∑–‡≈    à«π¥‘π
µ–°Õπ∑’Ë¡’¢π“¥„À≠à°«à“°ÁÕ“®®–æ∫ – ¡µ—«„π∫“ß®ÿ¥∑’Ë
‰¡àÀà“ß®“°®ÿ¥ ‘Èπ ÿ¥¢Õß§≈Õß¡“°π—°¥—ß∑’Ëæ∫‰¥â®“°§à“ k

∑’Ë· ¥ß„π Figure 3b-d

1.3 ¢ÿ¡‡À¡◊Õß‡°à“„π®—ßÀ«—¥¿Ÿ‡°Áµ

º≈¢Õß§à“ k ®“°¥‘πµ–°Õπ∑âÕßπÈ”¢ÿ¡‡À¡◊Õß
‡°à“¿“¬„π®—ßÀ«—¥¿Ÿ‡°Áµ∑—Èß 6 ¢ÿ¡‡À¡◊Õß∑’Ë·µà≈–¢π“¥‡¡Á¥
µ–°Õπ· ¥ß¥—ß Table 1 §à“ k ¢Õß¥‘πµ–°Õπ®“°µ—«Õ¬à“ß
¢ÿ¡‡À¡◊Õß‡°à“∑—ÈßÀ¡¥∑ÿ°¢π“¥‡¡Á¥µ–°Õπ¡’§à“§àÕπ¢â“ßµË”
§◊Õ ¡’§à“Õ¬Ÿà„π™à«ß 4.27 ∂÷ß 30.60 µSI ∂â“æ‘®“√≥“„π
≈—°…≥–¢Õß§à“‡©≈’Ë¬∑’Ë§‘¥®“°∑ÿ°¢π“¥‡¡Á¥µ–°Õπ√«¡°—π
æ∫«à“§à“ k ‡©≈’Ë¬∑’Ë√«∫√«¡¡“®“°∑ÿ°µ—«Õ¬à“ßÕ¬Ÿà„π™à«ß
6.49 ∂÷ß 17.75 µSI ∑’Ë¢π“¥‡¡Á¥µ–°Õπ‡¥’¬«°—π„πæ◊Èπ∑’Ë
Õ”‡¿Õ‡¥’¬«°—π®–¡’§à“ k ∑’Ë‰¡à‡∑à“°—π ‚¥¬¡’§à“ k ∑’Ë·µ°
µà“ß°—π§àÕπ¢â“ß™—¥‡®π¥—ß Figure 5b ·≈–‰¡à¢÷ÈπÕ¬Ÿà°—∫
¢π“¥¢Õß‡¡Á¥µ–°Õπ¡’∫“ßµ—«Õ¬à“ß∑’Ë¢π“¥‡¡Á¥µ–°Õπ
·ª√º—π°—∫§à“ k ‰¥â·°à µ—«Õ¬à“ß T1 ·≈– K1 ¥—ß Figure

5a ‡¡◊ËÕπ”º≈¢Õß§à“ k ∑ÿ°Ê µ—«Õ¬à“ß‰ª‡ª√’¬∫‡∑’¬∫°—∫§à“
k ¢Õß«— ¥ÿ„π∏√√¡™“µ‘ ‰¥â·°à À‘π·°√π‘µ (granite) ¡’§à“
Õ¬Ÿà„π™à«ß 0 ∂÷ß 50,000 µSI (Telford et al., 1990) ·≈–
À‘πµ–°Õπ  (sedimentary  rock)  ´÷Ëß‰¥â·°à  ¥‘πµ–°Õπ
·¥ß (red sediment) ¡’§à“Õ¬Ÿà„π™à«ß 10 ∂÷ß 100 µSI

(Collinson, 1983) ·≈–À‘π∑√“¬ (sandstone) ¡’§à“Õ¬Ÿà„π
™à«ß 0 ∂÷ß 20,900 µSI (Telford et al., 1990) ·≈–®“°
«— ¥ÿ∑’Ë‰¡à¡’·√à‡À≈Á°‡ªìπÕß§åª√–°Õ∫§◊Õ ·√à§«Õµ ǻ (quartz)

¡’§à“Õ¬Ÿà„π™à«ß -13 ∂÷ß 17 µSI (Collinson, 1983) æ∫«à“
¥‘πµ–°Õπ∑âÕßπÈ”¥—ß°≈à“«Õ“®®–¡“®“° ‘Ëß∑’Ë§ß§â“ß¡“®“°
°“√∑”‡À¡◊Õß·√à¥’∫ÿ°∑’Ë¡’°“√¢ÿ¥‡Õ“«— ¥ÿ∏√√¡™“µ‘À≈“¬™π‘¥
∑’Ëºÿæ—ß – ¡„πæ◊Èπ∑’Ë¢ÿ¡‡À¡◊Õß‡°à“¥—ß°≈à“«¢÷Èπ¡“ ‡¡◊ËÕÀ¬ÿ¥
°“√∑”‡À¡◊Õß·√à·≈â««— ¥ÿ∑’Ë∂Ÿ°¢ÿ¥¢÷Èπ¡“°Á®–∂Ÿ°æ—¥æ“°≈—∫
≈ß‰ª – ¡µ—«„π¢ÿ¡‡À¡◊Õß‡°à“¥—ß°≈à“«

2.  À —¡æ—π∏å√–À«à“ß§à“ k °—∫¢π“¥‡¡Á¥µ–°Õπ

‡¡◊ËÕπ”§à“ k ¡“‡¢’¬π°√“ø√à«¡°—∫ —¥ à«π‚¥¬¡«≈
¢Õß‡¡Á¥µ–°Õπ¢π“¥µà“ßÊ °—π¥—ß Figure 6 æ∫«à“¥‘π
µ–°Õπ¢π“¥‡≈Á°°«à“ 75 ‰¡§√Õπ¡’ À —¡æ—π∑’Ë™—¥‡®π°—∫
§à“ k ∑’Ë ÿ¥ (R = -0.70) √Õß≈ß¡“§◊Õ ¥‘πµ–°Õπ¢π“¥
150-300 ‰¡§√Õπ (R = -0.41)  à«π¢π“¥‡¡Á¥µ–°Õπ∑’Ë
‡À≈◊Õ¡’ À —¡æ—π∏å∑’Ë‰¡à§àÕ¬™—¥‡®π Õ‘∑∏‘æ≈¢Õß§«“¡‡ªìπ
·¡à‡À≈Á°„π¥‘πµ–°Õπ‚¥¬¡“°¡“®“°¥‘πµ–°Õπ¢π“¥‡≈Á°
‡π◊ËÕß®“°¥‘πµ–°Õπ¢π“¥‡¡Á¥µ–°Õπ‡≈Á°Ê ‚¥¬¡“°®–Õ¬Ÿà
„π√Ÿª¢Õß‰¥‚æ≈·¡à‡À≈Á°Õ‘ √–À√◊Õ·√à·¡à‡À≈Á°·∫∫‚¥‡¡π
‡¥’Ë¬«¢π“¥‡≈Á°´÷Ëßæ∫¡“°„π·√à·¡à‡À≈Á° √Õß≈ß¡“‡°‘¥®“°
·√à·¡à‡À≈Á°·∫∫À≈“¬‚¥‡¡π√«¡µ—«°—π ®“°·π«‚πâ¡¢Õß
°√“ø∑—Èß Õßæ∫«à“∑’Ë —¥ à«π‚¥¬¡«≈πâÕ¬Ê ®–¡’§à“ k ∑’Ë
§àÕπ¢â“ß¡“°· ¥ß«à“‚¥¬¡“°·√à·¡à‡À≈Á°¥—ß°≈à“«ª√–°Õ∫
¥â«¬‚¥‡¡π‡¥’Ë¬«§àÕπ¢â“ß¡“°ª–ªπÕ¬Ÿà„π·√à·¡à‡À≈Á°·∫∫
À≈“¬‚¥‡¡π ‡π◊ËÕß®“°§à“ k ®–¡’§à“‡æ‘Ë¡¢÷Èπ‡¡◊ËÕ¢π“¥‡¡Á¥
µ–°Õπ„À≠à¢÷Èπ (Thompson and Oldfield, 1986) À“°
¡’·√à·¡à‡À≈Á°·∫∫‚¥‡¡π‡¥’Ë¬«¡“°Ê ®– “¡“√∂≈¥∑Õπ
Õ‘∑∏‘æ≈¢Õß·√à·¡à‡À≈Á°·∫∫À≈“¬‚¥‡¡π‰¥â
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Figure 5. Distribution of magnetic susceptibility from 6 abandon tin mine (a) k from 4 grain

site (b) k-average.

Figure 6. Biplot between k and weight fraction from 6 abandon tin mine and Bang Yai river

samples (a) grain size < 75 µµµµµm (R = -0.70) (b) grain size 75-106 µµµµµm (R = 0.17) (c) grain

size 106-150 µµµµµm (R = 0.15) (d) grain size 150-300 µµµµµm (R = -0.41)
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3. §à“ SIRM ·≈–§à“ S-ratio ¢Õßµ—«Õ¬à“ß¥‘πµ–°Õπ

∑âÕßπÈ”®“°¢ÿ¡‡À¡◊Õß‡°à“

„π°“√»÷°…“æƒµ‘°√√¡¢Õß·√à·¡à‡À≈Á°‚¥¬°“√
‡Àπ’Ë¬«π”¥‘πµ–°Õπ∑âÕßπÈ”¥â«¬ π“¡·¡à‡À≈Á°¿“¬πÕ°
®“°§à“ SIRM ∑ÿ°¢π“¥‡¡Á¥µ–°Õπ¥—ß Table 2 ‡¡◊ËÕπ”
¡“æ‘®“√≥“·¬°‡ªìπæ◊Èπ∑’Ë®“°¢ÿ¡‡À¡◊Õß‡°à“ 6 ¢ÿ¡ ®–‰¥â«à“
µ—«Õ¬à“ß®“°¢ÿ¡‡À¡◊Õß‡°à“æ◊Èπ∑’ËÕ”‡¿Õ‡¡◊Õß¡’§à“ SIRM Õ¬Ÿà
„π™à«ß 126 ∂÷ß 335 mA/m ‚¥¬¡’≈—°…≥–°“√≈¥≈ß¢Õß
§à“ SIRM ‡¡◊ËÕ¢π“¥‡¡Á¥µ–°Õπ„À≠à¢÷Èπ ¬°‡«âπµ—«Õ¬à“ß
M2 ¢π“¥‡¡Á¥µ–°Õπ 150-300 ‰¡§√Õπ ∑’Ë¡’§à“ SIRM

‡æ‘Ë¡¢÷Èπ ∂—¥¡“µ—«Õ¬à“ß®“°¢ÿ¡‡À¡◊Õß‡°à“æ◊Èπ∑’ËÕ”‡¿Õ∂≈“ß
¡’§à“ SIRM Õ¬Ÿà„π™à«ß 85.5 ∂÷ß 406 mA/m ·≈–¡’°“√
‡ª≈’Ë¬π·ª≈ß§à“ SIRM ‡¡◊ËÕ¢π“¥‡¡Á¥µ–°Õπ‡ª≈’Ë¬π‰ª
‡™àπ‡¥’¬«°—π ‚¥¬„πµ—«Õ¬à“ß T1 ®–¡’§à“ SIRM ‡æ‘Ë¡¢÷Èπ
‡¡◊ËÕ¢π“¥‡¡Á¥µ–°Õπ„À≠à¢÷Èπ·µà„πµ—«Õ¬à“ß T2 ®–¡’°“√
‡ª≈’Ë¬π·ª≈ß„π≈—°…≥–µ√ß°—π¢â“¡°—∫µ—«Õ¬à“ß T1  ÿ¥∑â“¬
µ—«Õ¬à“ß®“°¢ÿ¡‡À¡◊Õß‡°à“Õ”‡¿Õ°–∑Ÿâ¡’§à“ SIRM Õ¬Ÿà„π™à«ß
145 ∂÷ß 218 mA/m ·µà°“√‡ª≈’Ë¬π·ª≈ß¢Õß§à“ SIRM

‡¡◊ËÕ¢π“¥‡¡Á¥µ–°Õπ‡ª≈’Ë¬π‰ª‰¡à¡’≈—°…≥–·π«‚πâ¡∑’Ë
™—¥‡®π ‚¥¬µ—«Õ¬à“ß K2 ∑’Ë¢π“¥‡¡Á¥µ–°Õπ 75 ∂÷ß 106

‰¡§√Õπ‰¡à¡’¢âÕ¡Ÿ≈‡π◊ËÕß®“°¡’µ—«Õ¬à“ß‰¡à‡æ’¬ßæÕµàÕ°“√
«‘‡§√“–Àåº≈¥â«¬«‘∏’°“√∑“ß·¡à‡À≈Á°π’È

§à“ S-ratio ¢Õßµ—«Õ¬à“ß¥‘πµ–°Õπ„π Table 2 æ∫
«à“ à«π¡“°§à“ S-ratio ®–¡’§à“‡ªìπ≈∫ ¡’∫“ß§à“∑’Ë¡’‡§√◊ËÕß
À¡“¬∫«°·µà¡’§à“Õ¬Ÿà„π√–¥—∫∑’Ë„°≈â°—∫»Ÿπ¬å §à“ S-ratio ∑’Ë
æ∫¡’§«“¡À≈“°À≈“¬§àÕπ¢â“ß¡“°  à«π„À≠à®–¡’§à“∑’Ë§àÕπ
¢â“ß∑’Ë®–‡¢â“„°≈â»Ÿπ¬å∑—Èß„π∑“ß≈∫·≈–∑“ß∫«°  π—ËπÀ¡“¬
§«“¡«à“ à«π¡“°¥‘πµ–°Õπ∑âÕßπÈ”¢ÿ¡‡À¡◊Õßµà“ßÊ ®–‡ªìπ
·√à„π°≈ÿà¡·Õπ∑‘‡øÕ√å‚√·¡°‡πµ‘°∑’Ëª√–°Õ∫¥â«¬‚¥‡¡π

·¡à‡À≈Á°·∫∫‚¥‡¡π‡∑’¬¡ (pseudo-single domain) ·≈–
À≈“¬‚¥‡¡π (multidomain) ‡ªìπ à«π„À≠à (Thompson

and Oldfield, 1986) ¡’‡æ’¬ßµ—«Õ¬à“ß T2 ·≈– M2 √«¡
∑—Èß¢π“¥‡¡Á¥µ–°Õπ¢π“¥ 106 ∂÷ß 300 ‰¡§√Õπ¢Õß
µ—«Õ¬à“ß  K2  ∑’Ë¡’§à“  S-ratio  ∑’Ë§àÕπ¢â“ß¡“°  (¡“°°«à“
-0.5) ÷́Ëß®—¥«à“‡ªìπ·√à·¡à‡À≈Á°∑’Ë “¡“√∂‡Àπ’Ë¬«π”·≈–
≈∫≈â“ßÕ”π“®·¡à‡À≈Á°µ°§â“ß¥â«¬ π“¡·¡à‡À≈Á°¿“¬πÕ°
‰¥â§àÕπ¢â“ßßà“¬ Õ“®®–¡’ —¥ à«π¢Õß·√à„π°≈ÿà¡·Õπ∑‘‡øÕ√å
‚√·¡°‡πµ‘°¡“°°«à“«— ¥ÿæ«°∑’Ë¡’·√à„π°≈ÿà¡‡øÕ√å√’Ë·¡°‡πµ‘°

À“°π”º≈¢â“ßµâπ¡“‡ª√’¬∫‡∑’¬∫°—∫«— ¥ÿ∏√√¡™“µ‘
„πæ◊Èπ∑’Ë´÷Ëß Õ”‰æ (2538) ‰¥â√«∫√«¡‰«â‚¥¬Õ“»—¬À≈—°°“√
®”·π°™π‘¥¢Õß«— ¥ÿ∑“ß·¡à‡À≈Á°®“°ß“π¢Õß Thompson

·≈– Oldfield (1986) ¡“Õ∏‘∫“¬√à«¡®–‰¥â«à“ ·√à‡øÕ√å√’Ë
·¡°‡πµ‘°∑’Ëæ∫πà“®–¡“®“°·√à¥‘π‡Àπ’¬«∑’ËÕ¬Ÿà„π¥‘πµ–°Õπ
∑’Ë¡’¢π“¥‡¡Á¥µ–°Õπ§àÕπ¢â“ß‡≈Á° – ¡µ—«„πÕ¥’µ„π√Ÿª¢Õß
¥‘πµ–°Õπ¬ÿ§§«Õ‡∑Õ√åπ“√’ º ¡°—∫‚¥‡¡π‡¥’Ë¬«∑’Ë¡“®“°
°“√ºÿæ—ß¢ÕßÀ‘π·°√π‘µ·≈–À‘πµ–°Õπ¬ÿ§‡æÕ√å‚¡-§“√å∫Õ-
π‘‡øÕ√å√—  „πæ◊Èπ∑’Ë¥—ß°≈à“«  Õ’° à«πÀπ÷Ëßπà“®–¡“®“°·√à
Œ’¡“‰∑µåÀ√◊Õ‡°Õ‰∑µå ÷́Ëßæ∫¡“°„πÀ‘π·°√π‘µ·≈–À‘π
µ–°Õπº ¡°—∫·√à·Õπ∑‘‡øÕ√å‚√·¡°‡πµ‘° ∑—Èßπ’È·√à·Õπ∑‘-
‡øÕ√å‚√·¡°‡πµ‘°∑’Ë¡’‚¥‡¡π·¡à‡À≈Á°·∫∫‚¥‡¡π‡¥’Ë¬« ‚¥‡¡π
‡∑’¬¡·≈–À≈“¬‚¥‡¡πæ∫ª–ªπÕ¬Ÿà√«¡°—π„π¥‘πµ–°Õπ
¥—ß°≈à“« ‚¥¬¡’ —¥ à«π¢Õß‚¥‡¡π‡∑’¬¡·≈–À≈“¬‚¥‡¡π
∑’Ë¡“®“°æ«°À‘π∑√“¬∑’Ë¡’Õß§åª√–°Õ∫‡ªìπæ«°§«Õµ ǻ ·≈–
∑√“¬≈–‡Õ’¬¥ª–ªπÕ¬Ÿà„π¢π“¥‡¡Á¥µ–°Õπ¥—ß°≈à“«¥â«¬
ª√‘¡“≥∑’Ë§àÕπ¢â“ß¡“°°«à“  àßº≈„Àâ§à“ k ·≈– SIRM ¡’§à“
§àÕπ¢â“ßµË”‡¡◊ËÕ‡∑’¬∫°—∫·√àŒ’¡“‰∑µå∑’Ëæ∫®“°·À≈àß°”‡π‘¥
·√à‡À≈Á° (k Õ¬Ÿà„π™à«ß 500-40,000 µSI; Thompson and

Oldfield, 1986)

Table 2. IRM
-300 mT

, SIRM  S-ratio and k of bottom sediment from 6 abandon tin mines.

Grain size < 75 µµµµµm Grain size 75-106 µµµµµm Grain size 106-150 µµµµµm Grain size 150-300 µµµµµm

Site IRM
-300 mT

SIRM S-ratio IRM
-300 mT

SIRM S-ratio IRM
-300 mT

SIRM S-ratio IRM
-300 mT

SIRM S-ratio

(mA/m) (mA/m) (mA/m) (mA/m) (mA/m) (mA/m) (mA/m) (mA/m)

 T1 -47.6 207 -0.23 93.4 336 0.28 51.7 366 0.14 -3.9 406 -0.01
 T2 -66.7 105 -0.64 -64.6 105 -0.62 -58.8 97.7 -0.60 -47 85.5 -0.55
 M1 64.2 335 0.19 -31 198 -0.16 -43.6 187 -0.23 -39.7 141 -0.28
 M2 -120 152 -0.79 -102 132 -0.77 -93.9 126 -0.75 -119 135 -0.88
 K1 -41.7 180 -0.23 -53.8 196 -0.27 -44.6 188 -0.24 -40.4 201 -0.20
 K2 -41.6 145 -0.29 - - - -153 218 -0.70 -110 164 -0.67
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4.  À —¡æ—π∏å√–À«à“ß§à“ k °—∫§«“¡‡¢â¡¢âπ‚≈À–Àπ—°

‚≈À–Àπ—°∑’Ëπ”¡“»÷°…“ À —¡æ—π∏å ‰¥â·°à ‡À≈Á° (Fe)

 —ß°– ’ (Zn) µ–°—Ë« (Pb) ·≈–∑Õß·¥ß (Cu) ‡π◊ËÕß®“°‡ªìπ
‚≈À–Àπ—°∑’Ë‡ªìπ∏“µÿÕß§åª√–°Õ∫¢Õß·√à‡À≈Á°·≈– “¡“√∂
∂Ÿ°¥Ÿ¥´—∫‰¥â¥â«¬·√à‡À≈Á° (Garcia et al., 1999) ¥—ß Table

3 º≈∑’Ë‰¥âæ∫«à“‚≈À–Àπ—°„π§≈ÕßÕŸàµ–‡¿“·≈–§≈Õß∫“ß„À≠à
¡’ À —¡æ—π∏å∑’Ë§àÕπ¢â“ß™—¥‡®π°«à“‚≈À–Àπ—°®“°¢ÿ¡‡À¡◊Õß
‡°à“  ‚≈À–Àπ—°∑’Ë¡’ À —¡æ—π∏å°—∫§≈ÕßÕŸàµ–‡¿“§àÕπ¢â“ß
™—¥‡®π ‰¥â·°à Fe ·≈– Zn §≈â“¬°—∫∑’Ëæ∫®“°µ—«Õ¬à“ß¥‘π
∫π∂ππ≈‘‡«Õ√åæŸ≈„πª√–‡∑»Õ—ß°ƒ… (Xie et al., 2001)

·≈–¥‘π®“°∑“ßµÕπ„µâ¢Õßª√–‡∑»‚ª·≈π¥å (Strzyszcz

and Magiera, 1998)  à«π§≈Õß∫“ß„À≠à ‰¥â·°à Cu ·≈–
Zn ´÷Ëß‡À¡◊Õπ°—∫∑’Ëæ∫®“°¥‘πµ–°Õπ®“°æ◊Èπ¥‘π„µâÕà“«
ŒàÕß°ß (Chan et al., 1998)  à«π Pb ¡’ À —¡æ—π∏å∑’Ë‰¡à
™—¥‡®π¡“°‡™àπ‡¥’¬«°—∫‚≈À–Àπ—°∑’Ë¡“®“°¥‘πµ–°Õπ¢ÿ¡
‡À¡◊Õß∑—Èß 6 ·Ààß´÷Ëß§≈â“¬§≈÷ß°—∫º≈∑’Ë‡°‘¥¢÷Èπ°—∫∑–‡≈ “∫
Nechranice µÕπ‡Àπ◊Õ¢Õß‚∫Œ’‡¡’¬ ª√–‡∑» “∏“√≥√—∞
‡™Á° (Petrosky et al., 1998) ∑’Ë¡’≈—°…≥–∑“ß°“¬¿“æ
§≈â“¬°—∫æ◊Èπ∑’Ë¢ÿ¡‡À¡◊Õß‡°à“¥—ß°≈à“«

 √ÿª

1. §à“ k ¢Õß¥‘πµ–°Õπ∑âÕßπÈ”®“°§≈Õß∫“ß„À≠à
·≈–æ◊Èπ∑’Ë√Õß√—∫πÈ”∑‘Èß§≈Õß∫“ß„À≠à¡’§à“πâÕ¬∂â“‡∑’¬∫°—∫§à“
k ®“°§≈ÕßÕŸàµ–‡¿“·≈–∑–‡≈ “∫ ß¢≈“ ·µà¡’≈—°…≥–¢Õß

§à“ k ∑’Ë§àÕ¬Ê ‡æ‘Ë¡¢÷Èπ®“°·À≈àßµâππÈ”‰ª∂÷ß∫√‘‡«≥æ◊Èπ∑’Ë
„°≈â®ÿ¥ ‘Èπ ÿ¥¢Õß§≈Õß‡À¡◊Õπ°—π  ”À√—∫æ◊Èπ∑’Ë√Õß√—∫πÈ”
∑‘Èß·≈–∑–‡≈ “∫¡’≈—°…≥–°“√°√–®“¬µ—«¢Õß§à“ k ·∫∫
·ºàÕÕ°„π∑“ß∑’Ë‡æ‘Ë¡¢÷Èπµ“¡∑‘»∑“ß¢Õß°√–· πÈ”∑’Ë‰À≈„π
√àÕßπÈ”∑’Ë‰À≈≈ß Ÿà∑–‡≈ º≈¥—ß°≈à“«‡°‘¥®“°¥‘πµ–°Õπ‡≈Á°
°«à“ 75 ‰¡§√Õπ∂÷ß 106 ‰¡§√Õπ∂Ÿ°Õ‘∑∏‘æ≈¢ÕßπÈ”¢÷Èπ-
πÈ”≈ß§«∫§ÿ¡°“√æ—¥æ“„Àâ¡’≈—°…≥–°“√°√–®“¬µ—«¢Õß§à“
k ·∫∫·ºàÕÕ°‰ª√Õ∫Ê æ◊Èπ∑’Ë·π«√àÕßπÈ”„πæ◊Èπ∑’Ë√Õß√—∫
πÈ”∑‘ÈßÀ√◊Õ∑–‡≈ “∫

2. ®“°º≈∑“ß·¡à‡À≈Á°∑—ÈßÀ¡¥ “¡“√∂°≈à“«‰¥â«à“
„π¥‘πµ–°Õπ¢ÿ¡‡À¡◊Õß‡°à“∑—Èß 6 ·Ààß¢Õß®—ßÀ«—¥¿Ÿ°Áµ πà“
®–¡’·√à‡øÕ√å√’Ë·¡°‡πµ‘°∑’Ë¡“®“°·√à¥‘π‡Àπ’¬«∑’ËÕ¬Ÿà„π¥‘π
µ–°Õπ∑’Ë – ¡µ—«„πÕ¥’µ„π√Ÿª¢Õß¥‘πµ–°Õπ¬ÿ§§«Õ‡∑Õ√å
π“√’ º ¡°—∫‚¥‡¡π‡¥’Ë¬«∑’Ë¡“®“°°“√ºÿæ—ß¢ÕßÀ‘π·°√π‘µ
·≈–À‘πµ–°Õπ¬ÿ§‡æÕ√å‚¡-§“√å∫Õπ‘‡øÕ√å√— „πæ◊Èπ∑’Ë¥—ß°≈à“«
Õ’° à«πÀπ÷Ëßπà“®–¡“®“°·√àŒ’¡“‰∑µåÀ√◊Õ‡°Õ‰∑µå  ÷́Ëßæ∫
¡“°„πÀ‘π·°√π‘µ·≈–À‘πµ–°Õπº ¡°—∫·√à·Õπ∑‘‡øÕ√å‚√
·¡°‡πµ‘°∑’Ë¡’ —¥ à«π¢Õß‚¥‡¡π‡∑’¬¡·≈–À≈“¬‚¥‡¡π∑’Ë
§àÕπ¢â“ß¡“°°«à“®“°æ«°À‘π∑√“¬∑’Ë¡’Õß§åª√–°Õ∫‡ªìπæ«°
§«Õµ ǻ ·≈–∑√“¬≈–‡Õ’¬¥ª–ªπÕ¬Ÿà„π¢π“¥¥‘πµ–°Õπ
 àßº≈„Àâ§à“ k ·≈– SIRM ¡’§à“§àÕπ¢â“ßµË”  à«πÀ‘πÀ√◊Õ
¥‘πµ–°Õπ¢π“¥„À≠à¥—ß°≈à“«‡¡◊ËÕ¡’°“√ºÿæ—ß¥â«¬Õ‘∑∏‘æ≈
¢Õß∏√√¡™“µ‘‡ªìπ¥‘πµ–°Õπ¢π“¥∑’Ë¡’¢π“¥‡≈Á° (¢π“¥
‡≈Á°°«à“ 75 ‰¡§√Õπ)  àßº≈„Àâ‚¥‡¡π·¡à‡À≈Á°·∫∫À≈“¬
‚¥‡¡π∫“ß à«π·µ°ÕÕ°¡“‡ªìπ‚¥‡¡π‡¥’Ë¬«‰ª – ¡µ—«„π

Table 3. Correlation Coefficient between k and concentration of heavy metal

                   Heavy metal Cu Fe Pb Zn

6 abandon tin mine 0.07 0.40 0.05 0.36
Bang Yai river 0.64 0.16 0.44 0.56
U-Tapao river - 0.64 0.30 0.51
The alluvial soil from Litavka rivera - - 0.80 0.59
Nechranice Lake, Northern Bohemiab 0.38 0.12 -0.14 -0.02
Liverpool street dust, U.K.c - 0.64 0.37 0.50
Sea-floor sediment of Hong Kong harbord 0.73 - 0.82 0.60
Soils of Southern Polande - 0.75 0.79 0.52
Top soils  in Englandf 0.48 0.46 0.21 0.40

aPetrosky et al. (2001); bPetrosky et al. (1998); cXie et al. (2001); dChan et al. (1998);
eStrzyszcz and Magiera (1998); fHay et al. (1997)
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