
(Messa)

(CSD)

CSD

     (J) (t)

× mm-3 /s -1 × mm-3 /s -1   CSD

 E-mail: d.raeisi@ut.ac.ir *

 

 *

(Crystal Size Distribution)

CSD CSD

Higgins, 2006

(Higgins & Roberge, 2003)

 .(Cashman & Marsh, 1988)

CSD

 .(Marsh, 1988)

.(Marsh, 1998; 1988)

CSD

Randolph & Larson (1971)

Cashman & Marsh (1988)

 .(Higgins, 2006; Morgan & Jerram, 2006)

Cashman & Marsh (1988)

Chashman & Marsh (1988) CSD

Higgins (1994)

Morgan & Jerram (2006)

CSD correction 1.39



CSD

 Marsh (1988)

Cashman & Marsh (1988)

CSD (L) (n)

 

CSD

CSD

 CSD

 Higgins, 2000; Cashman & Marsh, 1988; Cashman, 1990; Higgins, 1994;)

.(Mock & Jerram, 2005; Higgins, 2006; 1996; Jerram & Higgins, 2007

CSD .(Monfaredi et al., 2009)

CSD .(Marsh, 1988)

(n)  (mm)

  Cashman & Marsh, 1988; Higgins, 1994; 1998; 2000;)

 .(2002; Marsh, 1988; 1998

t
r
= -1/(G×m×31536000)

G tr

m

 .(Cashman & Marsh, 1988)

(Undercooling)

Cashman (1993)      

 mm/s  mm/s

CSD

.(Higgins, 2000)

CSD

(Mock and Jerram, 2005) (Stereological) 

 ;Cashman and Marsh (1988); Peterson (1996)

Proussevitch & Sahagian (2001)

.(Higgins, 2000)

 Cashman (1990) S/I

.(Higgins, 1996) 

      Higgins (1994)    
            

            
            

I L S    Higgins (1994) (L2+I2)1/2S

 .          
         L I S

     
 Morgan & Jerram (2006)

 Massive

 short/intermediate 



S/I  (tabular)

S

I L

(Skewness)  L I

 I/L

L .(Higgins, 2006)

L

W/L

.(Higgins, 2000; 2006) (S/I=W/L)

mean W/L - mode W/L

Standardeniation W/L

I
L

 0.5

I/L  Garrido et al. (2001)

Higgins, 2006 I/L W/L

(mean w/L+1.9(mode w/L)2-1.49(mode w/L)+0.056)

0.126
I
L

CSD correction 1.39

 (Adobe Photoshop CS6)

 Morgan & Jerram

 (2006)

CSD

 (L)  (n)

(-1/GT)

L=0  (n
0
) 

J (J)

J=n
0
/G)

mm/s

 CSD correction 1.39

S/I Eecel 2007 

(long:intermediate:short) 

 (tablet) 

n=n0exp(-L/Gt)

N n=dN/dL

t  G  L  L
n

0 
n

0
=J/G J L

n
0

n
0

mm/s

 mm /s-1  
 

CSD corrections 1.39 n0

mm /s-1

CSD

 (J) (t)

 mm /s-1

mm /s-1



www.usgs.gov

www.GSI.ir

(Higgins, 2000)  I S

  

(Morgan & jerram, 2006)

 

(Morgan &jerram, 2006)



 

CSD correction 1.39 

Ln(n) L



References

Cashman, K. V. & Marsh, B. D., 1988- Crystal size distribution (CSD) in rocks and the kinetics and dynamics of crystallisation II. Makaopuhi 

Lava Lake. Contributions to Mineralogy and Petrology, 92: 292-305.

Cashman, K. V., 1990- Textural constraints on the kinetics of crystallization of igneous rocks. In: Nicholls, J., Russell, J.K. (Eds.), Modern 

methods of igneous petrology: understanding magmatic processes. Mineralogical Society of America,.p: 259–314.

Cashman, K. V., 1993- Relationship between plagioclase crystallization and cooling rate. Contributions to Mineralogy and Petrology, 113: 126 

-142.

Garrido, C. J. & Kelemen, P. B., Hirth, G., 2001- Varation of cooling rate with depth in lower crust formed at an aceanic spreading ridge; plagioclase 

crystal size distributions in gabbros from the Oman ophiolite. Geochemistry Geophysics Geosystems, 2: 10.1029/2000GC000136.

Mineralogist, 87, 160–164.

Higgins, M. D. & Roberge, J., 2003- Crystal size distribution (CSD) of plagioclase and amphibole from Soufriere Hills volcano, Monteserrat: 

evidence for dynamic crystallization textural coarsening cycles. Journal of Petrology, 44: 1401-1411. .

Higgins, M. D., 1994- Numerical modeling of crystal shapes in thin sections: estimation of crystal habit and true size. American Mineralogist, 

79: 113–119.

Higgins, M. D., 1996- Magma dynamics beneath Kameni Volcano Thera Greece, as revealed by crystal size and shape measurements. Journal 

of Volcanology and Geothermal Research, 70: 37-48.

Higgins, M. D., 1998- Origin of  anorthosite by  textural  coarsening: quantitative measurements of  ural sequence of textural development. 

Journal of Petrology 39: 1307–1325. 

Higgins, M. D., 2000- Measurement of crystal size distributions. American Mineralogist, 85: 1105-1116  .

Higgins, M. D., 2006- Quantitative textural measurement in igneous and metamorphic petrology. Cambridge university press, 265p.

Jerram, D. A. &Higgins, M. D., 2007- 3D analysis of rock textures: Quantifying igneous microstructures. ELEMENTS. 3: 239-245.

Marsh, B., 1988- Crystal size distribution (CSD) in rocks and the kinetics and dynamics of crystallization I. Theory Contributions to Mineralogy 

and Petrology, 99: 277–291.

Marsh, B. D, 1998-  On the interpretation of crystal size distribution in magmatic systems. Journal of Petrology, 39, 553-599. 

Mock, A. & Jerram. D. A., 2005- Crystal Size Distributions (CSD) in Three Dimensions: Insights from the 3D Reconstruction of a Highly 

Porphyritic Rhyolite. Journal of Petrology, 46: 1-17.

Monfaredi, B., Masoudi, F. & Tabbakh, A. A., 2009- Magmatic Interaction as Recorded in Texture and Composition of Plagioclase Phenocrysts 

from the Sirjan Area, Urumieh-Dokhtar Magmatic Arc, Iran. Journal of Sciences, Islamic Republic of Iran, 20: 243-251. 

Morgan, D. J. & Jerram, D. A., 2006- On estimating crystal shape for crystal size distribution analysis. Journal of Volcanology and Geothermal 

Research, 154: 1–7.

7: 99-105. 

Proussevitch, A. A. & Sahagian, D. L., 2001- Recognition and separation of discrete objects within complex 3D voxelized structures. Computers 

& Geosciences, 27: 441–454.

Randolph, A. D. & Larson, M. A., 1971- Theory of Particulate Processes, Academic Press, New York. 251 p.

mm/s-1(J=mm-3/s-1) (t)

10-9 mm/s-10.17×10-9 2.538.23-12.49

10-9 mm/s-19.32×10-9 3.21 9.32-9.87


