
See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/286285940

Compressional and shear wave velocities of rock glasses up to 2.0 GPa and 1

000°C

Article  in  Gaoya Wuli Xuebao/Chinese Journal of High Pressure Physics · January 2013

CITATION

1
READS

60

5 authors, including:

Some of the authors of this publication are also working on these related projects:

Structural and thermoelastic properties of sulfur-bearing minerals at high P-T conditions View project

Growth of magnesium aluminate nanocrystallites View project

Zhou Wen-Ge

Chinese Academy of Sciences

77 PUBLICATIONS   549 CITATIONS   

SEE PROFILE

Hongsen Xie

Chinese Academy of Sciences

74 PUBLICATIONS   541 CITATIONS   

SEE PROFILE

Dawei Fan

Chinese Academy of Sciences

77 PUBLICATIONS   357 CITATIONS   

SEE PROFILE

All content following this page was uploaded by Dawei Fan on 02 October 2017.

The user has requested enhancement of the downloaded file.

https://www.researchgate.net/publication/286285940_Compressional_and_shear_wave_velocities_of_rock_glasses_up_to_20_GPa_and_1_000C?enrichId=rgreq-826638542d4666eab3b90cddc949b989-XXX&enrichSource=Y292ZXJQYWdlOzI4NjI4NTk0MDtBUzo1NDQ5MDc2NjE3Nzg5NDVAMTUwNjkyNzUxODk5Mg%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/286285940_Compressional_and_shear_wave_velocities_of_rock_glasses_up_to_20_GPa_and_1_000C?enrichId=rgreq-826638542d4666eab3b90cddc949b989-XXX&enrichSource=Y292ZXJQYWdlOzI4NjI4NTk0MDtBUzo1NDQ5MDc2NjE3Nzg5NDVAMTUwNjkyNzUxODk5Mg%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/Structural-and-thermoelastic-properties-of-sulfur-bearing-minerals-at-high-P-T-conditions?enrichId=rgreq-826638542d4666eab3b90cddc949b989-XXX&enrichSource=Y292ZXJQYWdlOzI4NjI4NTk0MDtBUzo1NDQ5MDc2NjE3Nzg5NDVAMTUwNjkyNzUxODk5Mg%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/Growth-of-magnesium-aluminate-nanocrystallites?enrichId=rgreq-826638542d4666eab3b90cddc949b989-XXX&enrichSource=Y292ZXJQYWdlOzI4NjI4NTk0MDtBUzo1NDQ5MDc2NjE3Nzg5NDVAMTUwNjkyNzUxODk5Mg%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-826638542d4666eab3b90cddc949b989-XXX&enrichSource=Y292ZXJQYWdlOzI4NjI4NTk0MDtBUzo1NDQ5MDc2NjE3Nzg5NDVAMTUwNjkyNzUxODk5Mg%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Zhou-Wen-Ge?enrichId=rgreq-826638542d4666eab3b90cddc949b989-XXX&enrichSource=Y292ZXJQYWdlOzI4NjI4NTk0MDtBUzo1NDQ5MDc2NjE3Nzg5NDVAMTUwNjkyNzUxODk5Mg%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Zhou-Wen-Ge?enrichId=rgreq-826638542d4666eab3b90cddc949b989-XXX&enrichSource=Y292ZXJQYWdlOzI4NjI4NTk0MDtBUzo1NDQ5MDc2NjE3Nzg5NDVAMTUwNjkyNzUxODk5Mg%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Chinese_Academy_of_Sciences?enrichId=rgreq-826638542d4666eab3b90cddc949b989-XXX&enrichSource=Y292ZXJQYWdlOzI4NjI4NTk0MDtBUzo1NDQ5MDc2NjE3Nzg5NDVAMTUwNjkyNzUxODk5Mg%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Zhou-Wen-Ge?enrichId=rgreq-826638542d4666eab3b90cddc949b989-XXX&enrichSource=Y292ZXJQYWdlOzI4NjI4NTk0MDtBUzo1NDQ5MDc2NjE3Nzg5NDVAMTUwNjkyNzUxODk5Mg%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Hongsen_Xie?enrichId=rgreq-826638542d4666eab3b90cddc949b989-XXX&enrichSource=Y292ZXJQYWdlOzI4NjI4NTk0MDtBUzo1NDQ5MDc2NjE3Nzg5NDVAMTUwNjkyNzUxODk5Mg%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Hongsen_Xie?enrichId=rgreq-826638542d4666eab3b90cddc949b989-XXX&enrichSource=Y292ZXJQYWdlOzI4NjI4NTk0MDtBUzo1NDQ5MDc2NjE3Nzg5NDVAMTUwNjkyNzUxODk5Mg%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Chinese_Academy_of_Sciences?enrichId=rgreq-826638542d4666eab3b90cddc949b989-XXX&enrichSource=Y292ZXJQYWdlOzI4NjI4NTk0MDtBUzo1NDQ5MDc2NjE3Nzg5NDVAMTUwNjkyNzUxODk5Mg%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Hongsen_Xie?enrichId=rgreq-826638542d4666eab3b90cddc949b989-XXX&enrichSource=Y292ZXJQYWdlOzI4NjI4NTk0MDtBUzo1NDQ5MDc2NjE3Nzg5NDVAMTUwNjkyNzUxODk5Mg%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Dawei_Fan4?enrichId=rgreq-826638542d4666eab3b90cddc949b989-XXX&enrichSource=Y292ZXJQYWdlOzI4NjI4NTk0MDtBUzo1NDQ5MDc2NjE3Nzg5NDVAMTUwNjkyNzUxODk5Mg%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Dawei_Fan4?enrichId=rgreq-826638542d4666eab3b90cddc949b989-XXX&enrichSource=Y292ZXJQYWdlOzI4NjI4NTk0MDtBUzo1NDQ5MDc2NjE3Nzg5NDVAMTUwNjkyNzUxODk5Mg%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Chinese_Academy_of_Sciences?enrichId=rgreq-826638542d4666eab3b90cddc949b989-XXX&enrichSource=Y292ZXJQYWdlOzI4NjI4NTk0MDtBUzo1NDQ5MDc2NjE3Nzg5NDVAMTUwNjkyNzUxODk5Mg%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Dawei_Fan4?enrichId=rgreq-826638542d4666eab3b90cddc949b989-XXX&enrichSource=Y292ZXJQYWdlOzI4NjI4NTk0MDtBUzo1NDQ5MDc2NjE3Nzg5NDVAMTUwNjkyNzUxODk5Mg%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Dawei_Fan4?enrichId=rgreq-826638542d4666eab3b90cddc949b989-XXX&enrichSource=Y292ZXJQYWdlOzI4NjI4NTk0MDtBUzo1NDQ5MDc2NjE3Nzg5NDVAMTUwNjkyNzUxODk5Mg%3D%3D&el=1_x_10&_esc=publicationCoverPdf


书书书

　第２７卷　第４期 高 压 物 理 学 报 Ｖｏｌ．２７，Ｎｏ．４　
　２０１３年８月 ＣＨＩＮＥＳＥ　ＪＯＵＲＮＡＬ　ＯＦ　ＨＩＧＨ　ＰＲＥＳＳＵＲＥ　ＰＨＹＳＩＣＳ　 Ａｕｇ．，２０１３　

Ａｒｔｉｃｌｅ　ＩＤ：１０００－５７７３（２０１３）０４－０４８１－０９

Ｃｏｍｐｒｅｓｓｉｏｎａｌ　ａｎｄ　Ｓｈｅａｒ　Ｗａｖｅ　Ｖｅｌｏｃｉｔｉｅｓ　ｏｆ
Ｒｏｃｋ　Ｇｌａｓｓｅｓ　ｕｐ　ｔｏ　２．０ＧＰａ　ａｎｄ　１　０００℃

＊

ＪＩＡＮＧ　Ｘｉ　１，ＺＨＯＵ　Ｗｅｎ－Ｇｅ２，ＸＩＥ　Ｈｏｎｇ－Ｓｅｎ２，ＬＩＵ　Ｙｏｎｇ－Ｇａｎｇ２，ＦＡＮ　Ｄａ－Ｗｅｉ　２

（１．Ｃｏｌｌｅｇｅ　ｏｆ　Ｒｅｓｏｕｒｃｅｓ　ａｎｄ　Ｅｎｖｉｒｏｎｍｅｎｔａｌ　Ｅｎｇｉｎｅｅｒｉｎｇ，

Ｇｕｉｚｈｏｕ　Ｕｎｉｖｅｒｓｉｔｙ，Ｇｕｉｙａｎｇ５５０００３，Ｃｈｉｎａ；

２．Ｔｈｅ　Ｄｉｖｉｓｉｏｎ　ｏｆ　ｔｈｅ　Ｅａｒｔｈｓ　Ｉｎｔｅｒｉｏｒ　Ｍａｔｅｒｉａｌｓ　ａｎｄ　Ｆｌｕｉｄ　Ｉｎｔｅｒａｃｔｉｏｎ　Ｇｅｏｃｈｅｍｉｓｔｒｙ，

Ｉｎｓｔｉｔｕｔｅ　ｏｆ　Ｇｅｏｃｈｅｍｉｓｔｒｙ，Ｃｈｉｎｅｓｅ　Ａｃａｄｅｍｙ　ｏｆ　Ｓｃｉｅｎｃｅ，Ｇｕｉｙａｎｇ５５０００２，Ｃｈｉｎａ）

　　Ａｂｓｔｒａｃｔ：Ｍｅａｓｕｒｅｍｅｎｔｓ　ｏｆ　ｃｏｍｐｒｅｓｓｉｏｎａｌ　ａｎｄ　ｓｈｅａｒ　ｗａｖｅ　ｖｅｌｏｃｉｔｉｅｓ（ｖｐａｎｄ　ｖｓ）ｕｎｄｅｒ　ｐｒｅｓｓｕｒｅ　ｆｒｏｍ　０．４ｔｏ
２．０ＧＰａ　ｗｅｒｅ　ｐｅｒｆｏｒｍｅｄ　ｏｎ　ｓｅｖｅｎ　ｔｙｐｅｓ　ｏｆ　ｓｙｎｔｈｅｔｉｃ　ｇｌａｓｓｅｓ，ｉｎｃｌｕｄｉｎｇ　ｂａｓａｌｔ，ａｎｄｅｓｉｔｅ，ｄａｃｉｔｅ，ａｍｐｈｉｂｏｌｉｔｅ，ｐｙ－

ｒｏｘｅｎｉｔｅ，ｒｈｙｏｌｉｔｅ　ａｎｄ　ｇｎｅｉｓｓ．Ａｔ　ｃｏｎｆｉｎｉｎｇ　ｐｒｅｓｓｕｒｅ　ｏｆ　２．０ＧＰａ，ｔｈｅ　ｗａｖｅ　ｖｅｌｏｃｉｔｉｅｓ　ｗｅｒｅ　ａｌｓｏ　ｍｅａｓｕｒｅｄ　ａｓ　ｆｕｎｃ－

ｔｉｏｎｓ　ｏｆ　ｔｅｍｐｅｒａｔｕｒｅ　ｕｐ　ｔｏ　１０００℃ｆｏｒ　ｃｏｍｐｒｅｓｓｉｏｎａｌ　ｗａｖｅ　ｖｅｌｏｃｉｔｙ（ｖｐ）ａｎｄ　ｕｐ　ｔｏ　７３０℃ｆｏｒ　ｓｈｅａｒ　ｗａｖｅ　ｖｅｌｏｃｉ－

ｔｙ（ｖｓ）．Ａｔ　ｒｏｏｍ　ｔｅｍｐｅｒａｔｕｒｅ，ｔｈｅ　ｗａｖｅ　ｖｅｌｏｃｉｔｉｅｓ　ｏｆ　ｔｈｅ　ｇｌａｓｓｅｓ　ｄｅｃｒｅａｓｅ　ａｎｏｍａｌｏｕｓｌｙ　ｗｉｔｈ　ｐｒｅｓｓｕｒｅ，ａｓ　ａ　ｒｅｓｕｌｔ

ｏｆ　ｔｈｅ　ｏｐｅｎ　ｓｔｒｕｃｔｕｒｅ　ｏｆ　ＳｉＯ２ｉｎ　ｓｉｌｉｃａ－ｒｉｃｈ　ｇｌａｓｓｅｓ．Ｗｉｔｈ　ｖａｒｙｉｎｇ　ＳｉＯ２ｍａｓｓ　ｆｒａｃｔｉｏｎ　ｉｎ　ｔｈｅ　ｇｌａｓｓｅｓ　ｆｒｏｍ　８７％ｔｏ

５２％，ｖｐ／ｐｉｎｃｒｅａｓｅｓ　ｆｒｏｍ －０．１５９ｔｏ　０．０５０μｍ／（ｓ·Ｐａ），ａｎｄｖｓ／ｐｉｎｃｒｅａｓｅｓ　ｆｒｏｍ －０．１１４ｔｏ

－０．００１μｍ／（ｓ·Ｐａ）．Ａｔ　２．０ＧＰａ，ｖｐａｎｄ　ｖｓｏｆ　ｔｈｅ　ｇｌａｓｓｅｓ　ｄｅｃｒｅａｓｅ　ｓｌｏｗｌｙ　ｆｉｒｓｔ　ｕｐ　ｔｏ　６００－７００℃，ｉｎｄｉｃａｔｉｎｇ　ｔｈｅ

ｇｌａｓｓ　ｔｒａｎｓｉｔｉｏｎ　ｔｅｍｐｅｒａｔｕｒｅｓ（Ｔｇ），ａｎｄ　ｔｈｅｎ　ｄｅｃｒｅａｓｅ　ｒａｐｉｄｌｙ．Ｂａｓｅｄ　ｏｎ　ｔｈｅ　ｅｌａｓｔｉｃ　ｐｒｏｐｅｒｔｉｅｓ　ｏｆ　ｂａｓａｌｔ　ｇｌａｓｓ　ａｎｄ

ｍａｎｔｌｅ　ｒｏｃｋｓ，ｉｔ　ｉｓ　ｃｏｎｃｌｕｄｅｄ　ｔｈａｔ　ｔｈｅ　ｂａｓａｌｔ　ｇｌａｓｓ　ｗｉｔｈ　ｖｏｌｕｍｅ　ｆｒａｃｔｉｏｎ　ｏｆ　ａｂｏｕｔ　２０％ｉｎ　ｍａｔｒｉｘ　ｃａｎ　ｃａｕｓｅ　ｔｈｅ

ｌｏｗ　ｖｅｌｏｃｉｔｙ　ｚｏｎｅ　ｉｎ　ｕｐｐｅｒ　ｍａｎｔｌｅ．

　　Ｋｅｙ　ｗｏｒｄｓ：ｈｉｇｈ　ｔｅｍｐｅｒａｔｕｒｅ　ａｎｄ　ｈｉｇｈ　ｐｒｅｓｓｕｒｅ；ｒｏｃｋ　ｇｌａｓｓ；ｃｏｍｐｒｅｓｓｉｏｎａｌ　ｗａｖｅ　ｖｅｌｏｃｉｔｙ；ｓｈｅａｒ　ｗａｖｅ　ｖｅｌｏｃｉ－
ｔｙ；ｌｏｗ　ｖｅｌｏｃｉｔｙ　ｚｏｎｅ

　　ＣＬＣ　ｎｕｍｂｅｒ：Ｏ５２１．２　　　 Ｄｏｃｕｍｅｎｔ　ｃｏｄｅ：Ａ

１　Ｉｎｔｒｏｄｕｃｔｉｏｎ
　　Ｉｎ　ｔｈｅ　ｐａｓｔ　ｄｅｃａｄｅｓ，ｕｌｔｒａｓｏｎｉｃ　ｍｅａｓｕｒｅｍｅｎｔｓ　ｈａｄ　ｂｅｅｎ　ｐｅｒｆｏｒｍｅｄ　ｔｏ　ａｉｍ　ａｔ　ｔｈｅ　ｅｓｐｅｃｉａｌ　ｅｌａｓｔｉｃ

ｐｒｏｐｅｒｔｉｅｓ　ｏｆ　ｇｌａｓｓ　ａｔ　ｄｉｆｆｅｒｅｎｔ　ｃｏｎｄｉｔｉｏｎｓ．Ｉｎ　ｐｒｅｖｉｏｕｓ　ｓｔｕｄｉｅｓ，ｅｌａｓｔｉｃ　ｗａｖｅ　ｖｅｌｏｃｉｔｉｅｓ　ｏｆ　ｇｌａｓｓｅｓ　ｈａｄ
ｂｅｅｎ　ｍｅａｓｕｒｅｄ　ａｔ　ｈｉｇｈ　ｔｅｍｐｅｒａｔｕｒｅ　ａｎｄ　ａｍｂｉｅｎｔ　ｐｒｅｓｓｕｒｅ［１－３］，ｈｉｇｈ　ｐｒｅｓｓｕｒｅ　ａｎｄ　ｒｏｏｍ　ｔｅｍｐｅｒａｔｕｒｅ［４－６］

ａｎｄ　ｈｉｇｈ　ｔｅｍｐｅｒａｔｕｒｅ　ａｎｄ　ｈｉｇｈ　ｐｒｅｓｓｕｒｅ［７－８］．Ｈｏｗｅｖｅｒ，ｏｎｌｙ　ｓｅｖｅｒａｌ　ｔｙｐｅｓ　ｏｆ　ｇｌａｓｓ　ｗｅｒｅ　ｆｏｃｕｓｅｄ　ｉｎ　ｔｈｅｓｅ
ｓｔｕｄｉｅｓ，ｓｕｃｈ　ａｓ　ｗａｔｅｒ－ｗｈｉｔｅ　ｇｌａｓｓ　ａｎｄ　ｗｉｎｄｏｗ　ｇｌａｓｓ［１－２，８］，ｂａｓａｌｔ　ｇｌａｓｓ　ａｎｄ　ｏｂｓｉｄｉａｎ［５－７］．Ｏｎ　ｔｈｅ　ｏｔｈｅｒ
ｈａｎｄ，ｉｔ　ｈａｄ　ｂｅｅｎ　ｐｒｏｖｅｄ　ｔｈａｔ　ｔｈｅ　ｑｕｅｎｃｈｅｄ　ｇｌａｓｓ　ｈａｓ　ｓｉｍｉｌａｒ　ｓｔｒｕｃｔｕｒｅ　ｗｉｔｈ　ｃｈｅｍｉｃａｌｌｙ　ｃｏｍｐａｒａｂｌｅ
ｍａｇｍａ［９－１０］，ｓｏ　ｍｅａｓｕｒｉｎｇ　ｅｌａｓｔｉｃ　ｐｒｏｐｅｒｔｉｅｓ　ｏｆ　ｑｕｅｎｃｈｅｄ　ｇｌａｓｓｅｓ　ｕｎｄｅｒ　ｈｉｇｈ　ｔｅｍｐｅｒａｔｕｒｅ　ａｎｄ　ｈｉｇｈ　ｐｒｅｓ－
ｓｕｒｅ　ｉｓ　ａ　ｇｏｏｄ　ｗａｙ　ｆｏｒ　ｉｎｖｅｓｔｉｇａｔｉｎｇ　ｓｔｒｕｃｔｕｒｅ　ａｎｄ　ｃｏｍｐｏｓｉｔｉｏｎ　ｏｆ　ｍｅｌｔ．Ｍｅｉｓｔｅｒ　ｅｔ　ａｌ．ｍｅａｓｕｒｅｄ　ｔｈｅ
ｃｏｍｐｒｅｓｓｉｏｎａｌ　ｗａｖｅ　ｖｅｌｏｃｉｔｙ（ｖｐ）ａｎｄ　ｓｈｅａｒ　ｗａｖｅ　ｖｅｌｏｃｉｔｙ（ｖｓ）ｏｆ　ｓｉｘ　ｔｙｐｅｓ　ｏｆ　ｇｌａｓｓ　ｗｉｔｈ　ＳｉＯ２ｃｏｎｔｅｎｔ
ｆｒｏｍ　４９％ｔｏ　１００％［６］，ｂｕｔ　ｔｈｅｉｒ　ｍｅａｓｕｒｅｍｅｎｔｓ　ｗｅｒｅ　ｐｅｒｆｏｒｍｅｄ　ｏｎｌｙ　ｕｎｄｅｒ　ｈｉｇｈ　ｐｒｅｓｓｕｒｅ（０－０．８ＧＰａ），

＊ Ｒｅｃｅｉｖｅｄ　ｄａｔｅ：２０１１－１０－０８；Ｒｅｖｉｓｅｄ　ｄａｔｅ：２０１２－０４－０１

　　　Ｆｏｕｎｄａｔｉｏｎ　Ｉｔｅｍ：Ｎａｔｉｏｎａｌ　Ｎａｔｕｒａｌ　Ｓｃｉｅｎｃｅ　Ｆｏｕｎｄａｔｉｏｎ　ｏｆ　Ｃｈｉｎａ（４０８０４０１９）；Ｎａｔｕｒａｌ　Ｓｃｉｅｎｃｅ　Ｆｏｕｎｄａｔｉｏｎ　ｏｆ　Ｇｕｉｚｈｏｕ　Ｐｒｏｖｉｎｃｅ
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ｄｅｆｏｒｍａｔｉｏｎ　ｏｆ　ｍａｔｒｉｘ　ｉｎｔｏ　ｃｏｎｓｉｄｅｒａｔｉｏｎ，ｔｈｅ　ｍｅｌｔ　ｆｒａｃｔｉｏｎ　ｉｓ　ｕｎｌｉｋｅｌｙ　ｔｏ　ｅｘｃｅｅｄ　ａ　ｆｅｗ　ｐｅｒｃｅｎｔ　ａｎｙ－
ｗｈｅｒｅ　ｆｏｒ　ａ　ｌｏｎｇ　ｇｅｏｌｏｇｉｃ　ｔｉｍｅ　ｗｉｔｈｉｎ　ｔｈｅ　ｍａｎｔｌｅ［２０－２１］．Ｃｏｎｓｅｑｕｅｎｔｌｙ，ｔｈｅ　ｓｃｉｅｎｔｉｓｔｓ　ｐｒｏｐｏｓｅｄ　ａ　ｎｅｗ　ｉｎ－
ｔｅｒｐｒｅｔａｔｉｏｎ　ｔｈａｔ　ｖｉｔｒｅｏｕｓ　ａｍｏｒｐｈｉｚａｔｉｏｎ　ｃａｎ　ｄｅｃｒｅａｓｅ　ｔｈｅ　ｖｅｌｏｃｉｔｉｅｓ　ｏｆ　ｒｏｃｋ　ａｎｄ　ｔｈｅｎ　ｆｏｒｍ　ＬＶＺ　ｉｎ　ｕｐ－
ｐｅｒ　ｍａｎｔｌｅ，ｂｅｃａｕｓｅ　ｏｆ　ｔｈｅ　ｌｏｗ　ｖｅｌｏｃｉｔｉｅｓ　ａｎｄ　ｔｈｅ　ｓｐｅｃｉａｌ　ｐｒｅｓｓｕｒｅ　ｄｅｒｉｖａｔｉｖｅｓ　ｏｆ　ｖｅｌｏｃｉｔｉｅｓ　ｏｆ　ｇｌａｓｓ［６－７］．
Ｂｙ　ｅｘｔｒａｐｏｌａｔｉｎｇ　ｔｈｅ　ｅｌａｓｔｉｃ　ｍｏｄｕｌｉ　ｏｆ　ｂａｓａｌｔ　ｇｌａｓｓ　ｔｏ　３ＧＰａ　ａｎｄ　１　２００℃，Ｍｅｉｓｔｅｒ　ｅｔ　ａｌ．ｃａｌｃｕｌａｔｅｄ　ｔｈａｔ
１０％－３０％ｖｏｌｕｍｅ　ｆｒａｃｔｉｏｎ　ｏｆ　ｆｅｌｓｉｃ　ｂａｓａｌｔ　ｇｌａｓｓ　ｉｎ　ｒｏｃｋ　ｃａｎ　ｃａｕｓｅ　ＬＶＺ　ｉｎ　ｍａｎｔｌｅ［６］．Ｆｒｏｍ　ｔｈｉｓ　ｗｏｒｋ，ｗｅ
ｆｏｕｎｄ　ｔｈａｔ　ａｆｔｅｒ　ｃｏｍｐｒｅｓｓｉｎｇ　ｕｎｄｅｒ　ｈｉｇｈ　ｐｒｅｓｓｕｒｅ　ａｎｄ　ｈｉｇｈ　ｔｅｍｐｅｒａｔｕｒｅ，ｔｈｅ　ｄｅｎｓｉｔｙ　ａｎｄ　ｗａｖｅ　ｖｅｌｏｃｉ－
ｔｉｅｓ　ｏｆ　ｇｌａｓｓ　ａｒｅ　ｍｕｃｈ　ｈｉｇｈｅｒ　ｔｈａｎ　ｔｈｏｓｅ　ｏｆ　ｓａｍｐｌｅ　ｕｎｄｅｒ　ｈｉｇｈ　ｐｒｅｓｓｕｒｅ　ａｎｄ　ｒｏｏｍ　ｔｅｍｐｅｒａｔｕｒｅ．Ｓｏｍｅ　ｅｒ－
ｒｏｒｓ　ｃａｎ　ｏｃｃｕｒ　ｗｈｅｎ　ｅｘｔｒａｐｏｌａｔｉｎｇ　ｒｏｏｍ　ｔｅｍｐｅｒａｔｕｒｅ　ｅｘｐｅｒｉｍｅｎｔａｌ　ｄａｔａ　ｔｏ　ｈｉｇｈ　ｔｅｍｐｅｒａｔｕｒｅ　ａｎｄ　ｈｉｇｈ
ｐｒｅｓｓｕｒｅ　ｃｏｎｄｉｔｉｏｎｓ．Ｆｏｒ　ｔｈｉｓ　ｒｅａｓｏｎ，Ｍｅｉｓｔｅｒｓ　ｒｅｓｕｌｔ　ｉｓ　ｒｅｖｉｓｅｄ　ｈｅｒｅ．
　　Ｉｔ　ｉｓ　ｇｅｎｅｒａｌｌｙ　ａｃｃｅｐｔｅｄ　ｔｈａｔ　ｔｈｅ　ｍａｔｅｒｉａｌ　ｉｎ　ｍａｎｔｌｅ　ｉｓ　ｌｈｅｒｚｏｌｉｔｅ，ｗｈｉｃｈ　ｃｏｎｓｉｓｔｓ　ｍａｉｎｌｙ　ｏｆ　ｏｌｉｖｉｎｅ，

ｏｒｔｈｏｐｙｒｏｘｅｎｅ，ｃｌｉｎｏｐｙｒｏｘｅｎｅ　ａｎｄ　ｇａｒｎｅｔ．Ａｃｃｏｒｄｉｎｇ　ｔｏ　ｖｏｌｕｍｅ　ｆｒａｃｔｉｏｎ（φ）ａｎｄ　ｅｌａｓｔｉｃ　ｐａｒａｍｅｔｅｒｓ　ｏｆ
ｔｈｅ　ｍｉｎｅｒａｌｓ，ｐｒｅｓｅｎｔｅｄ　ｉｎ　Ｔａｂｌｅ　３［２２－２３］，ｔｈｅ　ｅｌａｓｔｉｃ　ｐｒｏｐｅｒｔｉｅｓ　ｏｆ　ｔｈｅ　ｌｈｅｒｚｏｌｉｔｅ　ａｒｅ　ｃａｌｃｕｌａｔｅｄ　ｗｉｔｈ
Ｖｏｉｇｔ－Ｒｅｕｓｓ－Ｈｉｌｌ（ＶＲＨ）ｍｏｄｅｌ［２４］．ρ，Ｋ，Ｇｌｉｓｔｅｄ　ｉｎ　Ｔａｂｌｅ　３ａｒｅ　ｄｅｎｓｉｔｙ，ｂｕｌｋ　ｍｏｄｕｌｕｓ　ａｎｄ　ｓｈｅａｒ　ｍｏｄ－
ｕｌｕｓ，ｒｅｓｐｅｃｔｉｖｅｌｙ．Ａｖｅｒａｇｅ　ｖａｌｕｅｓ　ｏｆ　ｅｌａｓｔｉｃ　ｍｏｄｕｌｉ　ａｎｄ　ｖｅｌｏｃｉｔｉｅｓ　ｆｏｒ　ｃｏｍｐｏｓｉｔｅｓ　ｏｆ　ｂａｓａｌｔ　ｇｌａｓｓ　ｉｎ
ｌｈｅｒｚｏｌｉｔｅ　ａｔ　８００℃ａｎｄ　２．０ＧＰａ　ｗｅｒｅ　ｃａｌｃｕｌａｔｅｄ　ａｎｄ　ｐｒｅｓｅｎｔｅｄ　ｉｎ　Ｔａｂｌｅ　４ｂｙ　ｍｅａｎｓ　ｏｆ　Ｈａｓｈｉｎ－Ｓｈｔｒｉｋ－
ｍａｎ（ＨＳ）ｂｏｕｎｄｓ［２４］．Ｔｈｅ　ｃａｌｃｕｌａｔｉｏｎｓ　ｐｒｅｓｅｎｔｅｄ　ｈｅｒｅ　ｉｎｄｉｃａｔｅ　ｔｈａｔ　ｂａｓａｌｔ　ｇｌａｓｓ　ｗｉｔｈ　ｖｏｌｕｍｅ　ｆｒａｃｔｉｏｎ
ｏｆ　ａｂｏｕｔ　２０％ｉｎ　ｌｈｅｒｚｏｌｉｔｅ　ｃａｎ　ｐｒｏｄｕｃｅ　ａ　ｒｅｄｕｃｔｉｏｎ　ｏｆ　５％ｉｎ　ｓｅｉｓｍｉｃ　ｖｅｌｏｃｉｔｉｅｓ．Ｔｈｅｒｅｆｏｒｅ，ｉｔ　ｉｓ　ｐｏｓｓｉｂｌｅ
ｔｈａｔ　ｄｒｙ　ｌｏｗ　ｖｅｌｏｃｉｔｙ　ｚｏｎｅ　ｗｉｌｌ　ｐｒｅｓｅｎｔ　ｉｎ　ｔｈｅ　ｕｐｐｅｒ　ｍａｎｔｌｅ　ｗｉｔｈ　ａ　ｌｏｗ　ｈｅａｔ　ｆｌｏｗ，ｉｆ　ｔｈｅｒｅ　ａｒｅ　ｓｕｆｆｉｃｉｅｎｔ
ｖｉｔｒｅｏｕｓ　ｃｏｎｔｅｎｔ　ｉｎ　ｒｏｃｋ．

Ｔａｂｌｅ　３　Ｖｏｌｕｍｅ　ｆｒａｃｔｉｏｎ　ａｎｄ　ｅｌａｓｔｉｃ　ｐａｒａｍｅｔｅｒｓ　ｏｆ　ｍｉｎｅｒａｌｓ　ｉｎ　ｔｈｅ　ｍａｎｔｌｅ　ｒｏｃｋ

Ｍｉｎｅｒａｌ φ／（％）
［２２］

ρ／（ｇ／ｃｍ
３）［２３］ Ｋ／（ＧＰａ）［２３］ Ｇ／（ＧＰａ）［２３］

Ｏｌｉｖｉｎｅ　 ４５　 ３．３２　 １３０　 ８０

Ｏｒｔｈｏｐｙｒｏｘｅｎｅ　 ３２　 ３．３５　 １０４　 ７５

Ｃｌｉｎｏｐｙｒｏｘｅｎｅ　 １３　 ３．３１　 １１４　 ６５

Ｇａｒｎｅｔ　 １０　 ３．７４　 １７０　 １０２

６８４ 　　　　　　　　高　　压　　物　　理　　学　　报　　　　　　　　　　　　　第２７卷　



Ｔａｂｌｅ　４　Ｅｌａｓｔｉｃ　ｐｒｏｐｅｒｔｉｅｓ　ｏｆ　ｍａｎｔｌｅ　ｒｏｃｋ　ｗｉｔｈ　ｄｉｆｆｅｒｅｎｔ　ｂａｓａｌｔ　ｇｌａｓｓ　ｃｏｎｔｅｎｔ　ａｔ　８００℃ａｎｄ　２．０ＧＰａ

Ｍａｔｅｒｉａｌ φ／（％） ρ／（ｇ／ｃｍ
３） ｖｐ／（ｋｍ／ｓ） ｖｓ／（ｋｍ／ｓ） Ｋ／（ＧＰａ） Ｇ／（ＧＰａ）

Ｂａｓａｌｔ　ｇｌａｓｓ（１） １００　 ３．０７　 ６．３２　 ３．５９　 ６９．８７　 ３９．５７

Ｌｈｅｒｚｏｌｉｔｅ（２）

０

１０

２０

３０

３．３７

３．３４

３．３１

３．２８

８．２０

７．９８

７．７７

７．５７

４．８２

４．６７

４．５４

４．４１

１２２．２８

１１５．３８

１０８．９６

１０２．９５

７８．１７

７２．９８

６８．１８

６３．７２

Ｎｏｔｅ：（１）Ｔｈｅ　ｄｅｎｓｉｔｙ　ｏｆ　ｇｌａｓｓ　ｗａｓ　ｍｅａｓｕｒｅｄ　ａｆｔｅｒ　ｔｈｅ　ｅｘｐｅｒｉｍｅｎｔａｌ　ｃｙｃｌｅ；

　　 （２）Ｔｈｅ　ｃａｌｃｕｌａｔｉｏｎｓ　ｗｅｒｅ　ｐｅｒｆｏｒｍｅｄ　ｗｉｔｈ　ｔｈｅ　ｅｌａｓｔｉｃ　ｐｒｏｐｅｒｔｉｅｓ　ｏｆ　ｌｈｅｒｚｏｌｉｔｅ　ｕｎｄｅｒ　ａｍｂｉｅｎｔ　ｃｏｎｄｉｔｉｏｎ，ｃｏｎｓｉｄｅｒｉｎｇ　ｔｈｅ　ｍｕｌ－
ｔｉｐｌｅ　ｅｆｆｅｃｔｓ　ｏｆ　ｔｅｍｐｅｒａｔｕｒｅ　ａｎｄ　ｐｒｅｓｓｕｒｅ．

Ｆｉｇ．５　Ｃｈａｎｇｅ　ｏｆ　ｖｐｏｆ　ｍａｎｔｌｅ　ｒｏｃｋ　ｗｉｔｈ

ｉｎｃｒｅａｓｉｎｇ　ｃｏｎｔｅｎｔ　ｏｆ　ｇｌａｓｓ　ｉｎ　ｕｐｐｅｒ　ｍａｎｔｌｅ
（Ｔｈｅ　ｐｒｏｆｉｌｅ　ｏｆ　ｖｅｌｏｃｉｔｙ　ｖｅｒｓｕｓ　ｄｅｐｔｈ　ｉｓ

ｃｉｔｅｄ　ａｎｄ　ｍｏｄｉｆｉｅｄ　ｆｒｏｍ　Ｒｅｆ．［２５］）

　　Ｔｈｅ　ＬＶＺ　ｉｎ　ｕｐｐｅｒ　ｍａｎｔｌｅ　ａｒｅ　ｆｏｕｎｄ　ｕｓｕａｌｌｙ　ｉｎ
ｄｅｐｔｈ　ｏｆ　ｂｅｔｗｅｅｎ　５０ａｎｄ　２００ｋｍ．Ｉｔ　ｗａｓ　ｅｓｔｉｍａｔｅｄ
ｔｈａｔ，ｂａｓｅｄ　ｏｎ　ｔｈｅ　ｈｅａｔ　ｆｌｏｗ　ｄａｔａ，ｔｈｅ　ｔｅｍｐｅｒａｔｕｒｅ
ｏｆ　ｕｐｐｅｒ　ｍａｎｔｌｅ　ｃｏｕｌｄ　ｂｅ　ａｓ　ｌｏｗ　ａｓ　８００℃，ｗｈｉｃｈ　ｉｓ
ｆａｒ　ｆｒｏｍ　ｔｈｅ　ｍｅｌｔｉｎｇ　ｔｅｍｐｅｒａｔｕｒｅ　ｏｆ　ｂａｓａｌｔ　ｒｏｃｋ［１７］．
Ｆｏｒ　ｅｘａｍｐｌｅ，ａｌｏｎｇ　ｔｈｅ　ｌｉｔｈｏｓｐｈｅｒｉｃ　ｐｒｏｆｉｌｅ　ｏｆ
Ｙｕａｎｓｈｉ－Ｊｉｎａｎ　ｏｆ　ｎｏｒｔｈ　Ｃｈｉｎａ，ｔｈｅｒｅ　ｉｓ　ａ　ＬＶＺ　ｗｉｔｈ
ｖｐｏｆ　７．６－７．８ｋｍ／ｓ　ｉｎ　ｄｅｐｔｈ　ｂｅｔｗｅｅｎ　４３ａｎｄ　６３ｋｍ，

ｗｈｉｃｈ　ｉｓ　ｓａｎｄｗｉｃｈｅｄ　ｂｙ　ｔｈｅ　ｌａｙｅｒｓ　ｗｉｔｈ　ｖｐｏｆ　８．１－
８．３ｋｍ／ｓ，ａｓ　ｓｈｏｗｎ　ｉｎ　Ｆｉｇ．５［２５］．Ｉｔ　ｈａｄ　ｂｅｅｎ　ｃａｌｃｕ－
ｌａｔｅｄ　ｔｈａｔ　ｔｈｅ　ｔｅｍｐｅｒａｔｕｒｅ　ｏｆ　Ｍｏｈｏ－ｄｉｓｃｏｎｔｉｎｕｉｔｙ　ｉｓ
ｌｏｗｅｒ　ｔｈａｎ　７５０℃ｉｎ　ｔｈｅ　ｌｉｔｈｏｓｐｈｅｒｅ　ｏｆ　ｎｏｒｔｈ　Ｃｈｉ－
ｎａ［２６］，ｗｈｉｃｈ　ｉｓ　ｄｉｆｆｉｃｕｌｔ　ｔｏ　ｃａｕｓｅ　ｐａｒｔｉａｌ　ｍｅｌｔ　ｏｆ
ｍａｎｔｌｅ　ｒｏｃｋ．Ａｃｃｏｒｄｉｎｇ　ｔｏ　ｔｈｅ　ｃａｌｃｕｌａｔｉｏｎ　ａｂｏｖｅ，

ｓｕｃｈ　ａ　ｂａｓａｌｔ　ｇｌａｓｓ　ｗｉｔｈ　ｖｏｌｕｍｅ　ｆｒａｃｔｉｏｎ　ｏｆ　１８．５％－
２８．５％ｉｎ　ｔｈｅ　ｍａｔｒｉｘ　ｗｏｕｌｄ　ａｃｃｏｕｎｔ　ｆｏｒ　ｔｈｅ　ｏｂ－
ｓｅｒｖｅｄ　ｖｅｌｏｃｉｔｙ　ｌｏｗｅｒｉｎｇ　ｉｎ　ｔｈｅ　ＬＶＺ（Ｆｉｇ．５）．Ｓｏ　ｉｔ　ｉｓ　ａ　ｐｏｓｓｉｂｌｅ　ｅｘｐｌａｎａｔｉｏｎ　ｆｏｒ　ｔｈｅ　ＬＶＺ　ｔｈａｔ　ｓｏｍｅ　ｖｉｔ－
ｒｅｏｕｓ　ｃｏｎｔｅｎｔ　ｉｎ　ｔｈｅ　ｒｏｃｋｓ　ｃａｕｓｅ　ｔｈｅ　ｄｅｃｒｅａｓｅ　ｉｎ　ｖｅｌｏｃｉｔｙ　ｏｆ　ｒｏｃｋ　ｉｎ　ｕｐｐｅｒ　ｍａｎｔｌｅ．

５　Ｃｏｎｃｌｕｓｉｏｎｓ

　　ｖｐａｎｄ　ｖｓｏｆ　ｍｏｓｔ　ｏｆ　ｔｈｅ　ｓｙｎｔｈｅｔｉｃ　ｇｌａｓｓｅｓ　ｄｅｃｒｅａｓｅ　ａｎｏｍａｌｏｕｓｌｙ　ｗｉｔｈ　ｉｎｃｒｅａｓｉｎｇ　ｐｒｅｓｓｕｒｅ　ａｔ　ｒｏｏｍ
ｔｅｍｐｅｒａｔｕｒｅ，ｗｈｉｃｈ　ｉｓ　ｄｉｆｆｅｒｅｎｔ　ｆｒｏｍ　ｔｈｅ　ｃｒｙｓｔａｌ　ｒｏｃｋｓ．Ｗｅ　ｈｏｌｄ　ｔｈａｔ　ｔｈｅ　ａｎｏｍａｌｏｕｓ　ｐｒｅｓｓｕｒｅ　ｅｆｆｅｃｔ　ｏｆ
ｗａｖｅ　ｖｅｌｏｃｉｔｙ　ｆｏｒ　ｇｌａｓｓ　ｉｓ　ｄｅｔｅｒｍｉｎｅｄ　ｂｙ　ｂｏｔｈ　ｔｈｅ　ｃｈｅｍｉｃａｌ　ｃｏｍｐｏｓｉｔｉｏｎ　ａｎｄ　ｔｈｅ　ｓｔｒｕｃｔｕｒｅ　ｏｆ　ｖｉｔｒｅｏｕｓ
ｍａｔｅｒｉａｌ．ｖｐａｎｄ　ｖｓｏｆ　ｔｈｅ　ｓｙｎｔｈｅｔｉｃ　ｇｌａｓｓｅｓ　ｄｅｃｒｅａｓｅ　ｍｏｎｏｔｏｎｉｃａｌｌｙ　ｗｉｔｈ　ｔｅｍｐｅｒａｔｕｒｅ　ａｔ　ｃｏｎｆｉｎｉｎｇ　ｐｒｅｓ－
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高温高压下几种岩石熔融玻璃的弹性波速

蒋　玺１，周文戈２，谢鸿森２，刘永刚２，范大伟２

（１．贵州大学资源与环境工程学院，贵州贵阳　５５０００３；

２．中国科学院地球化学研究所地球深部物质与流体作用地球化学实验室，贵州贵阳　５５０００２）

　　摘要：利用超声波脉冲反射法和透射－反射联合法，测量了压力在０．４～２．０ＧＰａ条件下

７种岩石熔融玻璃的纵波波速（ｖｐ）和横波波速（ｖｓ），并在恒压２．０ＧＰａ下，在０～１　０００℃和０
～７３０℃温度范围内，分别测量了纵波波速和横波波速随温度的变化。结果显示，室温下随着

压力的升高，大多数玻璃的ｖｐ 和全部玻璃的ｖｓ 异常地降低。异常的波速－压力关系与玻璃中

ＳｉＯ２ 的含量密切相关，随着ＳｉＯ２ 的质量分数从８７％降低到５２％，玻璃的纵波波速和横波波

速对于压力的导数（ｖｐ／ｐ和ｖｓ／ｐ）分别从－０．１５９和－０．１１４μｍ／（ｓ·Ｐａ）升高到０．０５０和

－０．００１μｍ／（ｓ·Ｐａ）。分析认为，玻璃的波速随压力升高而降低的原因主要与玻璃中ＳｉＯ２ 所

具有的敞型结构有关。在２．０ＧＰａ压力下，玻璃的波速首先随温度升高而缓慢降低，当达到

６００～７００℃后，开始快速下降，设此温度为玻璃的转变温度Ｔｇ。根据实验测得的玄武岩玻璃

波速，结合上地幔二辉橄榄岩的弹性性质，推测若在上地幔岩石中存在体积分数大于２０％的

玄武岩质非晶质体，上地幔便可能形成地震波低速层。
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