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 Abstract  : We investigated the velocity structure of the lower mantle beneath South 
     Africa based on analysis of the shear waveform data collected from the IRIS Data 
     Management Center. Among the 26 events with depths greater than 50 km and body wave 
     magnitude greater than or equal to 5.5, three events with the high quality of seismograms 

     were retained in this study. We analyzed 18 ScS-S, 53 S-SKS and 46 SKKS-SKS 
     differential travel times measured by  cross-correlation, in addition to 71  S, 18 ScS, 53 SKS 

     and 46 SKKS absolute travel times. These are ascertained from the combination of the 
     South Sandwich and the South American events with the temporary arrays of broadband 

     seismic stations that are deployed in Eastern Africa (Tanzania) and South Africa 
     (Kaapvaal), including stations BGCA and SUR of IRIS Global Seismographic Network. 

     Large travel-time delays greater than 10 seconds of shear waves are observed with 
     reference to the PREM, and these delays increase gradually with epicentral distances, 

     implying that the seismic phase propagates through an extremely low S-wave velocity 
     region in the lower mantle. Directly comparing the observed travel times with the 

     predicted ones deduced from the 3-D S-wave velocity models such as SKS12WM13, we find 
     broad low-velocity region of 3% S-wave velocity reduction in a deeper part of the lower 

     mantle (800 km above the core mantle boundary (CMB)) beneath the Southwestern Africa 
     to the Southeastern Atlantic Ocean. This spatial pattern suggests an existence of a broad 
     upwelling plume from the CMB beneath the above mentioned region. 
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1 Introduction 

   Knowledge of the seismic structure of the lower mantle under the African continent 

and its surrounding regions is important for our understanding of hotspot volcanism and 

the origin of mantle plumes. Recently, geophysical and geological reviews and 

classification of hotspots have been attempted. The viewpoints on hotspots vary gradu-

ally with increasing new observations and analysis, however, a hotspot-mantle plume 

hypothesis is still open for discussion (Steinberger and O'Connell,  1998  ; Steinberger, 

2000 ; Zhao, 2001 ; Zhao,  2004  ; Ritsema and Allen, 2003 ; Courtillot et  al., 2003). A 
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prominent low-velocity anomaly in the lower mantle beneath Africa has been imaged in 
all the seismic tomographic models (Liu and Dziewonski,  1994  ; Ritsema et  al.,  1999  ; 

Castle et  al.,  2000  ; Megnin and Romanowicz,  2000  ; Zhao,  2001  ; Zhao, 2004). Such a 

low-velocity anomaly is interpreted as evidence for the existence of a superplume, that 

is a huge upwelling from the CMB. 

   Until the 1990s, the small number of seismic stations in Africa had prevented the 

examination of the deep structure beneath Africa. There were only a few studies 

investigating the lower mantle beneath Africa and its surrounding regions (Lavely et  al., 

 1986  ; Tanaka and Hamaguchi, 1992). However, in recent years, the number of perma-

nent stations has increased and temporary observations have been conducted with dense 

seismic arrays. Therefore recent deployment of broadband seismic stations in Africa 

leads the advance of understanding the deep structure of Africa and its surrounding 

regions. The seismic data obtained from the IRIS/PASSCAL experiments provide a 

valuable data set (Nyblade et  al.,  1996  ; Nyblade and Langston, 2002). 

   Ritsema et  al. (1998) showed that a low-velocity region extends obliquely from the 

CMB about 1,500 km up to the mantle beneath Southern Africa by forward modeling. 

Ni et  al. (1999) and Ni and  Helmberger (2001a, 2003a, b) showed that the low-velocity 

region beneath Southwestern Africa extends 1,200-1,500 km above the CMB. Helmber-

ger et  al. (2000) and Ni and  Helmberger (2001b) detected  ultra-low velocity zones 
beneath Eastern African Rift and Iceland. 

   These recent studies proposed individually a similar shape of the low-velocity region 

extending 1,500 km above the CMB by using various data sets consisting of classical 

analog data and modern digital data. However, the models proposed to the nearly same 

region beneath Africa have not been crosschecked. Therefore it is not clear whether 

these models are consistent with each other or not. In this study we focus on the 

Southern Africa-Atlantic region and investigate the shear wave velocity structure by 

using the crisscrossing rays that pass through the lower mantle. 

2 Data 

   The data are concerned only with events with focal depths greater than 50 km and 

body wave magnitude greater than or equal to 5.5 during the period of 1990 to 1999. We 

made a list of 26 events located in South America, South Sandwich Islands and the 

Western Pacific Ocean. Among them three events met the criterion of a high signal-to-

noise ratio and impulsive signals. All the waveform data from the three events were 

obtained from the Data Management Center (DMC) at the Incorporated Research 

Institutions for Seismology (IRIS). Table 1 shows the hypocentral parameters for the 

three events used in the present study. Fig. la displays the geographical distribution of 

the events, seismic stations and ray paths geometry, including the ScS bounce points at 

the CMB (at 2,891 km in depth), the SKS and the SKKS transmission points at the CMB 

and the S transmission points at the top of D" layer (at 2,741 km in depth). Fig. lb is the 

enlargement of the crisscrossing rays at the lower mantle beneath South Africa where
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        Table 1. Hypocentral parameters of the earthquakes used in this study 

Event Date Origine time Latitude Longitude Depth Corresponding 
 No. Y/M/D H : M : S (deg) (deg) (km)  mt,                                                              seismic stations 

 E1* 1994/07/25  22  :  00  :  22.98 —56.362 —27.365 81.3 6.3 Tanzania array 
E2** 1994/10/20  01:  15  : 16.18 —39.190 —70.800 164.0 5.8 Tanzania array, BGCA 
E3*** 1997/09/02  12:  13  :  22.92 3.849 —75.749 198.7 6.5 Kaapvaal array , SUR 

  Data are taken from the Preliminary Determination of Epicenters. 
  Stars indicate the earthquake geographical region (Young et  al., 1996) 

   *South Sandwich Islands 
 **Southern Argentina 

 ***Colombia 
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 Fig.  1. Map showing the study region. (a) Distribution of ray paths connecting 

      events (open- and solid-stars) and stations (open- and solid-triangles) used in 
      this study. Solid stars denote events used in the analysis and open stars show the 

      events investigated but not used. Pink circles denote the ScS bounce points at 
      the core-mantle boundary (CMB). Crosses and green squares are the SKS and 

      SKKS transmission points at the CMB, respectively. Open diamonds indicate the 
      S transmission points at the top of D" layer. El, E2 and E3 are events numbers 

      listed in Table 1. (b) Zoom map showing the exit points of the target  phases  : S 
      (open diamonds) at the top of D" layer, SKS (crosses) and SKKS (green squares) 

      from the CMB and ScS (pink circles) bounce points at the  CMB. Open- and 
      solid-triangles denote the seismic stations used.
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the S and the SKKS exit points from the Argentina event and the SKS exit points from 

the Colombia event are clearly overlapped. 

3 Procedure 

   The absolute arrival times among the S, ScS, SKS, and SKKS seismic phases were 

read carefully by eye-picking. The differential travel times between the arrivals of two 

target phases were determined by using the cross-correlation method after an appropri-

ate correction of waveforms when necessary (see section 3.3). The ScS-S times are 

measured on the transverse components, and the S-SKS and SKKS-SKS times are 

obtained on the radial components. 

3.1 S and  ScS travel  times 

   We obtained the absolute arrival times and the differential travel times of ScS-S 

from the South Sandwich event recorded by the Tanzania broadband seismic array. 
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 Fig.  2. A record section of transverse component seismograms obtained from the 
         combination of event El (see Table 1) in the South Sandwich Islands and broad-

          band seismic stations at Tanzania array. Solid-circles and solid-diamonds are 
         the theoretical S and ScS arrival times with respect to PREM, respectively. 

          Open-circles and open-diamonds indicate the observed S and ScS onsets,  respec-
         tively. Seismograms are aligned on the theoretical S arrival time.
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The observations cover the epicentral distance ranges of  65° to  74° for which S and ScS 

phases are clearly identifiable. Fig. 2 shows a record section of the transverse compo-
nent of the event  El (see Table 1) as aligned on the predicted S arrival time for the 

Preliminary Reference Earth Model (PREM) (Dziewonski and Anderson, 1981). We 

applied the ellipticity correction (Kennett and Gudmundsson, 1996) on both phases. 

Observed and predicted times are marked as open and solid symbols in Fig . 2, respective-
ly. The observed onset times of S phase are close to the predicted times by PREM 

producing nearly zero residuals at range from  66° to  69° and then become increasingly 
delayed at the larger range. However the ScS is delayed with nearly constant offset 

over the entire range of the observations. 

3.2  S, SKS and SKKS travel times 

   The S-SKS and SKKS-SKS observations including their absolute arrival times are 
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 Fig.  3. A record section of the radial component seismograms obtained from the 
         combination of event E2 (see Table  1) in the Southern Argentina and broadband 

         stations at Tanzania array and station BGCA of IRIS/GSN in Central Africa. 
         Solid-squares, solid-triangles and solid-circles denote the theoretical SKS, SKKS 
          and S arrival times with respect to PREM, respectively. Open-squares, open-
         triangles and open-circles indicate the observed SKS, SKKS and S onsets, respec-

          tively.
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obtained from seismograms of the events in South America (Argentina and Colombia). 

Fig. 3 shows a record section of the radial component seismograms of event E2 (see 

Table 1) recorded at the Tanzania array and a station BGCA of IRIS/GSN network. 

The predicted arrival times of the S, SKS and SKKS phases were calculated using PREM 

and are plotted on the seismograms as solid symbols after applying the ellipticity 

correction. Open symbols denote the observed arrival times. The SKS offset with 

respect to PREM decreases with increasing distance while the S offset increases with 

distance and the SKKS offset shows nearly a constant value over the entire range  (92°-

102°) , except for some isolated points. 

   Fig. 4 shows the radial component seismograms of event E3 (see Table 1) recorded 

at the Kaapvaal array and a station SUR of IRIS/GSN in South Africa. The seismo-

grams are aligned on the predicted S arrival time. SKS and SKKS offsets with respect 
to PREM increase slightly with increasing distance through the entire range  (96°-107°). 

However the S phase shows a different pattern of offsets, showing early arrivals at a 

shorter distance  (96°-101°), close arrivals to PREM in the middle  (102°-103°) and gradu-
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       Fig. 4. A record section of radial component seismograms obtained from the combi-
         nation of event E3 (see Table  1) in Colombia and broadband stations at Kaapvaal 

         array and station SUR of  IRIS/GSN in South  Africa. Solid and open symbols 
         denote theoretical and observed arrival times of SKS, SKKS and S phases, 
           respectively.
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ally increase with distance at larger range  ( >  104°)  . 

3.3  Cross-  correlation of waveforms 

   We measure the ScS-S, S-SKS and SKKS-SKS differential travel times by using the 

waveforms cross-correlation method. This method is widely used to measure the 

differential travel times between two seismic phases (e.g. Lavely et  al.,  1986  ; Tanaka 

and Hamaguchi, 1992).  Fig.  5a is an example of the  ScS-S differential travel time 

measurement. Using the cursor on a PC display, we pick up an onset of the S phase and 

set a successive time window of 20 seconds from this onset. We calculate the cross-

correlation coefficient between the S phase and the seismic waves following the S phase. 

The maximum cross-correlation coefficient in the vicinity of  ScS phase can be adopted 

as the observed differential travel time between both phases. We determine the onset of 

the ScS phase by stacking the obtained differential travel time to the observed onset time 

of the S phase. The S phase within the appropriate time window is then shifted to 

match with the ScS phase. 

   Fig. 5b shows the measurement of the S-SKS differential travel times. The process 

to measure the S-SKS times is the same manner, except that the SKS onset is picked, 

as the first arrival. The SKS phase is shifted to match with the S phase. Because of 

polarity reversal of SKS against S, we consider the maximum negative correlation 
coefficient in the vicinity of the S phase to measure the time difference between both 

phases. 
   The SKKS-SKS differential travel time measurements (Fig. 5c) require the establish-

ment of Hilbert transform (Choy and Richards, 1975) because of their waveform charac-

teristics. First, we determine the time window of 20 seconds to sample the SKS phase. 

Next, we apply the  Hilbert transform to SKS phase resulting a waveform that resembles 

to SKKS phase with polarity reversal as H (SKS)  = -SKKS. Except for this additional 

operation, the process to measure the SKKS-SKS differential travel times remains same 

as the case of S-SKS. SKS phase is then shifted to match with the SKKS phase. 

3.4 Results of measurements 

   We retain measurements with an absolute value of correlation coefficients greater 

than or equal to 0.7 as the best data and those between 0.6 and 0.7 as good data. All the 

measurements with the correlation coefficients less than 0.6 are rejected. As explained 

above the travel times of  S, ScS, SKS and SKKS are corrected for the Earth's ellipticity 

and residuals of the differential and absolute travel times are calculated by using the 

PREM. We obtained 18 differential travel times for  ScS-S, 53 for  S-SKS, 46 for SKKS-

SKS, and 71 absolute travel times for S, 18 for ScS, 53 for SKS and 46 for SKKS. We 

found anomalously large time delays greater than 10 seconds with respect to PREM. 

These delays increase gradually with epicentral distances, suggesting an evidence of 

strong S-wave velocity variations in the lower mantle beneath South Africa.
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 Fig.  5. Examples of differential travel time measurement by cross-correlation 
          method. (a) (Top) The transverse component of seismogram of the event El 

         (see Table 1) in South Sandwich Islands recorded at station PAND of Tanzania 
          array. Gray-circle and gray-diamond are the PREM predicted arrival times of 

          S and  ScS phases, respectively. Open-circle and open-diamond indicate the 
         observed S and ScS onsets. S phase is sampled with an appropriate time window 

         of 20 seconds and is shifted to match with the  ScS phase. (Bottom) Correlation 
          coefficient as a function of time. dt indicates the measured differential travel 

          times between S and  ScS phases. This measurement has a cross-correlation 
         coefficient of 0.97, indicative of high quality observation. (b) Example of S-SKS 

          measurement on a radial component seismogram recorded at station INZA of 
           Tanzania array. This measurement has a cross-correlation coefficient of -0.91. 

         See text for details. (c) Same as (b) but the measurement concerns the SKKS-
          SKS observed at station SA77 of Kaapvaal array. This measurement has a 

 cross-correlation coefficient of 0.86. 

3.5 Travel time predictions from the 3-D S-wave heterogeneity models 

   The ray path of the seismic phases is traced through the PREM and that ray path 

is divided into ray segments through the layers of the Earth. The travel time anomalies
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resulting from the 3-D heterogeneity are calculated by taking an integration of velocity 

perturbations along a ray path traced through PREM such as 

 atmodel                                  av                                            J         ,dt(1)       ,()                                                      pathv 

where  at is the travel time perturbation from a given 3-D  model  ;  av is the velocity 

perturbation from the 3-D  model  ; V is the velocity from PREM at a corresponding 
 depth  ; dt is the travel time increment, and path is the integration path corresponding to 

the ray path in the mantle. 

3.6 Comparison between observed and predicted times from the 3-D models 

   We compare the residuals of the absolute and differential travel times with those 

predicted from the 3-D S-wave velocity models in the  mantle  : SKS12WM13 (Liu and 
Dziewonski, 1994),  S12WM13 (Su et al., 1994), S2ORTS (Ritsema et al., 1999) and SB4L18 

(Masters et al., 2000). Fig. 6 compares the observed data with the predicted ones from 
those 3-D mantle models for the South Sandwich event. Open symbols show the 

observed data and the solid symbols show the predicted times. We found that these  3-

D mantle models except the model SKS12WM13 (solid circles) can not explain the data 

set from the South Sandwich earthquake. Fig. 7 illustrates the absolute and differential 

time residuals versus epicentral distances for S-wave and S-SKS for the Argentina 

event. Large time delays greater than 10 seconds for S-wave increase gradually with 

epicentral distances (open diamonds in  Fig.  7a), suggesting that this seismic phase 

propagated through an extremely low-velocity region. Large variations of differential 
travel time residuals in S-SKS (open circles in Fig. 7b) indicate that strong S-wave 

velocity variations exist in the lower mantle beneath Africa. 
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 Fig.  6. Residuals of ScS-S differential travel times with respect to PREM as a 
          function of epicentral distance for the South Sandwich event. The solid symbols 

          are the residuals predicted by using the 3-D S-wave velocity models. Model 
          SKS12WM13 produces residuals close to the observed data among all the 3-D 

            models.
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      Fig. 7. Residuals of (a) S and (b) S-SKS differential travel times with respect to 
          PREM as a function of epicentral distance for the Argentina event. The legend 

          appended in panel (b) is also applicable to panel (a). Solid symbols have the same 
          meaning as in Fig. 6. 

4 A proposed model of shear velocity heterogeneity 

   To explain the discordance between the observed data and predicted ones from the 

3-D shear velocity models of the Earth's mantle in Fig. 7, we modified a previous 3-D 

velocity model taking into consideration the crisscrossing rays emerged from the 

Argentina event (E2) recorded by the Tanzania array and those from the Colombia event 

(E3) recorded by the Kaapvaal array, respectively. Among the four 3-D models  inves-
tigated in this study, SKS12WM13 gives a good explanation to our ScS-S residuals from 

the South Sandwich data sets (see solid circles in Fig. 6) and therefore it is taken as the 

model for us to improve. The modification processing includes the following steps. 

   First, a cross section along the ray paths connecting Colombia to Kaapvaal was 

considered. The shear velocity perturbation was assumed to be 3% (Ni and  Helmber-

ger, 2003a, b) and the thickness of the anomalous region was kept as a free parameter. 
Applying trial and error to superimpose the great-circle ray path geometry on the 

vertical cross-section of model SKS12WM13, the shape of the low-velocity region was 

systematically modified for improving the consistency between the observed and the 

theoretical residuals of differential and absolute times. The S-wave velocity reduction
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of 3% within 800 km depth above the CMB satisfied our observed data. 

   Secondly, the cross-section between the Argentina event and the Tanzania array 

was considered, which was previously analyzed by Ni and Helmberger (2003a, b). The 

shape of the low velocity region was reproduced as done by Ni and  Helmberger with 3% 

shear velocity reduction, assuming the velocity outside the model is expressed by 

SKS12WM13 model. 

   Finally, the ray paths from the Argentina event to the Tanzania array and those 

from the Colombia event to the Kaapvaal array were considered. We focused on the 

region where the exit points of the S, SKS and SKKS phases overlapped. This region 

locates beneath the Southeastern Atlantic Ocean within a distance range of  55°-75°. 

Therefore, we modified the thickness of the anomalous region estimated by Ni and 

Helmberger within the above distance range up to 800 km depth from the CMB, because 

the Colombia data set requires a thick low velocity region as described above. 

   Fig. 8 shows the comparison between the observed residuals and the theoretical 

travel time residuals based on the modified model and gives a good explanation to the 

absolute S residuals  (Fig.  8a). An acceptable fit to the observed S-SKS residuals is 

shown in  Fig.  8b. The low-velocity region with a uniformly 3% S-wave velocity 

reduction is projected on the geographical map as shown in Fig. 9. The selected  repre-
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sentative depth ranges are (a) 2,891-2,571 km, (b) 2,571-2,271 km, (c) 2,271-2,071 km and 

(d) 2,071-1,371 km, respectively. In each panel the background remains the S-wave 
velocity perturbation from SKS12WM13 at the selected depths of (a) 2,750 km, (b) 2,350 

km, (c) 2,050 km and (d) 1,750 km to show the distribution of low-velocity anomalies 

(given in circles). The unmodified regions compared to model SKS12WM13 are illus-

trated with diamond plots. The African low-velocity region is wider at the base of the 

mantle (2,891-2,571 km) and mainly dominates beneath the Southeastern Atlantic Ocean 

with an extension to the continent. In the deeper part of the lower mantle (2,571-2,071 

km), the low-velocity region becomes narrower gradually with decreasing depth ranges. 

In the shallowest depth range (2,071-1,371 km), the low-velocity region is centered 

progressively further to the northeast concentrating beneath the African continent. 
   Figs.  10a and  10b show the S-wave velocity perturbations of model SKS12WM13. 

Fig.  10a shows the perturbations through a whole mantle cross-section connecting the 

Colombia event to the Kaapvaal array. The great circle paths for  S, SKS and SKKS 

phases from the Colombia event to representative stations of Kaapvaal array are also 

shown. Fig.  10b displays the perturbations along the great circle paths connecting the 
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      Fig. 9. Shear velocity reduction beneath South Africa. The circles indicate low-
          velocity regions with 3% S-wave velocity reduction and diamonds denote the 

          unmodified regions compared to model SKS12WM13. The background contour 
         lines show the S-wave velocity perturbations from model SKS12WM13 at depth 

         of (a) 2,750 km, (b) 2,350 km, (c) 2,050 km and (d) 1,750 km. The contour interval 
          is 0.5%. Note that the low velocity region becomes narrower gradually and is 

         centered progressively to the northeast direction of the southwestern Africa with 
          increasing height above the CMB.
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      Fig. 10. Shear velocity perturbations from the 3-D mantle model SKS12WM13. (a) 
          A cross section together with the great circle paths for the multiple S phases from 

          the Colombia event to the Kaapvaal array. The horizontal axis represents the 
          distance from the earthquake source. Red, blue and dashed curves indicate the 
         S, SKS and SKKS ray paths, respectively. The Solid contour lines indicate the 
          low-velocity regions, the doted lines denote the fast-velocity region and the green 

          lines indicate a zero perturbation with respect to PREM. Contour interval is 
          0.5%. Star indicates the Colombia event at 198.7 km focal depth. Triangles 

          denote representative stations of the Kaapvaal array covering the entire distance 
          range of observation  (96°-107°). (b) Same as (a) except for the change of cross 

          section along the ray path that connect the Argentina event to the Tanzania 
          array.  Star indicates the Argentina event at 164.0 km focal depth. Triangles 
          denote representative stations of the Tanzania array covering the entire distance 

           range of observation  (94°-102°). 

Argentina event to the Tanzania array. The ray paths of S, SKS and SKKS phases 

from the Argentina event to representative stations of Tanzania array are shown as well. 

Our model predicts a low-velocity region in the lower mantle beneath Africa, including 

the Eastern Atlantic Ocean. The pattern of heterogeneity indicates a rapid decrease of 

velocity that starts at a depth of about 1,700 km and continues down to the CMB beneath 

our area of investigation. The ray paths of S, SKS and SKKS phases propagate through 

the significant low S-wave velocity region in the lower mantle beneath Africa and 

Eastern Atlantic. Fig. 11 shows the schematic shape of the shear velocity reduction 

beneath Africa revealed by the present study. This shape results from the combination
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       Fig. 11. Schematic illustration of the low-velocity anomaly beneath  Africa. The 
          dashed line shows the shape of the anomaly proposed by the present study. In 

          this structure the magnitude of velocity reduction is assumed to be uniformly 3%. 
          The thin line denotes the region of low-velocity anomalies estimated by Ni and 
          Helmberger (2003a, b) with the same velocity reduction. Dark gray area delimits 

          the  additionally modified region from the model of Ni and  Helmberger. The 
           horizontal axis represents the distance from the epicenter of Argentina  event  ; 

          and the vertical axis represents the depth from the Earth's surface. 

of the two different cross-sections described above (see Figs.  10a and lob). The low-

velocity region beneath the Southeastern Atlantic extends up to 800 km above the CMB 

and therefore it is thicker than that of the previous models (Ni and  Helmberger, 2003a, 

b). The low velocity region may become narrower and extend up to 1,500 km above the 

CMB under the African continent. 

5 Discussions 

   Here, we concentrate our analysis on the Southern Africa-Atlantic region and 

investigate the seismic structure by combining the crisscrossing rays. We used  teleseis-

mic S and its multiphases recorded by 64 seismic stations belonging to one permanent 

and two temporary networks in Africa. Differential and absolute travel times of S, ScS, 

SKS and SKKS phases are used to retrieve the S-wave velocity structure in the lower 

mantle beneath South Africa. We focus on the data sets obtained from the Argentina 

(E2) and the Colombia (E3) events in order to introduce a velocity model that can 
interpret our observations. Applying a forward modeling, a low-velocity region of 800 

km depth above the CMB with 3% S-wave velocity reduction beneath the Southwestern 

Africa to the Southeastern Atlantic is important for explaining the discrepancy between 

the observed and the theoretical times. The African low velocity region as shown in our 

proposed model in this study is wider  (-2,500 km) at the base of the mantle and mainly 
dominates beneath the Southeastern Atlantic Ocean extending to the African continent. 

The low-velocity region beneath the Southeastern Atlantic is thicker than that of the 

previous models (Ni and  Helmberger, 2003a, b). Also, the low-velocity region may
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become smaller gradually with respect to the area covering the ray paths and be centered 

progressively further to the northeast concentrating beneath the African continent. 
   Ritsema et  al. (1999) investigated a model of low-velocity region in the lower mantle 

under the cross-section from the South Sandwich Islands to Tanzania. However, they 

did not check the SKS12WM13 model. From the Argentina data sets, Ni and  Helmber-

ger (2003a, b) proposed a model of S-wave velocity structure with 3% reduction beneath 
South Africa. This model delimits the region of low-velocity anomalies beneath 
Atlantic to a thin basal layer of 150 km that extends up to about 1,500 km above the CMB 

beneath the African continent in the northeast orientation. In addition to the Ni and 
Helmberger's results, we include Colombia to  Kaapvaal, which crisscross the Argentina 

to Tanzania cross-section. The two different cross-sections including their overlapping 

seismic phases exit points (see Fig. lb) provide major contributions in making difference 
between previous models by Ni and Helmberger (2003a, b) and the present one. This 

difference results in the modification of the low-velocity region beneath Southeastern 
Atlantic Ocean up to 800 km thick above the CMB. Also Ni and Helmberger (2003a, b) 

did not take into account the existing fast velocity anomaly in the upper mantle and crust 
in the African cratons when absolute times were discussed. 

   Many factors are candidates contributing to the variations of seismic velocity such 

as thermal and/or chemical anomalies, partial melting, fluids, cracks, and so forth. 

Based on the recent results for the partial derivative of seismic velocities with respect 
to temperature as a  in  VslaT;,---  —45  x  10'  K' in the lower mantle (Stacey, 1998), S-wave 

velocity reduction of  3% can be caused solely by a thermal anomaly with a temperature 
increase of about 700 K. Since the excess temperature of the mantle plume inferred 
from buoyancy fluxes are estimated to be about 200 K (Sleep, 1990), temperature anomaly 

as large as 700 K seems to be too high. Partial melt can reduce effectively the seismic 

velocity as discussed by Williams and Garnero (1996). Another candidate for S-wave 
velocity reduction is the increase of iron fraction probably due to the interaction with the 

outer core at the CMB (Knittle and Jeanloz, 1989). However, such an effect is probably 
limited near the base of the mantle because that the material which includes iron is dense 

and may be difficult to extend upward. 
   The spatial variation of temperature at the CMB may interpret for seismic velocity 

perturbation. The low-velocity regions are presumably hotter than surrounding 
regions, and therefore probably represent buoyant upwelling, which become mantle 

plumes (Anderson, 1981). Recently, Castle et  al. (2000) and Zhao (2001, 2004) showed that 
the slow anomalies in the lower mantle down to the CMB correlate well with the hotspots 

distribution on the Earth's surface, suggesting that the mantle plumes under those 
hotspots may originate from the CMB. Although the criteria for selection of hotspots 

are different among the several proposed catalogues, the concentration of hotspots in 
Africa is common features (Jurdy and Stefanick, 1990). And also an apparent correla-

tion between the partially molten zone and the hot upwellings in the deep Earth is 

proposed actively by Williams and Garnero (1996). Thus, we infer that the low-velocity 
anomaly in the lower mantle beneath Africa is probably due to the thermal anomaly of



 106 MUNGIYA KUBANZA and HIROYUKI HAMAGUCHI 

high temperature and partial melt. 

   The deflection of plumes due to the influence of mantle flow  (Steinberger and 

O'Connell,  1998  ; Steinberger,  2000  ; Zhao, 2001,  2004  ; Shen et  al., 2002) leads to the 

exhibition of the winding images of the slow anomalies under hotspots. Steinberger 

(2000) inferred the location of the hotspot roots by tracking plume conduits based on a 

global mantle flow model and suggested the presence of comparatively broad upwellings 
rather than localized plumes. This may bring some enlightenment to our understanding 

on the complex geometry of the low-velocity anomalies imaged beneath Africa. 

6 Conclusions 

   Based on the absolute and differential travel time analyses of S, SKS and SKKS 

phases, we propose the spatial pattern of the low-velocity anomalies at the lower mantle 
under the Southern Africa-Atlantic region. While confirming the general view of the 

lower mantle structure of the region in term of absolute percentage of shear velocity 

reduction (3%) as done by Ni and Helmberger (2003a, b), we also present important 

differences in term of the shape of anomalies. This may provide new insights into plume 

modeling. 

   Although the methodology is based on traditional ray-theory and the dataset used in 

the analysis is not very extended, this work represents a modest contribution in delineat-

ing the low-velocity structure beneath Southern Africa and Atlantic. Now, the huge 

low velocity structure has been apparent beneath the Africa and Southeastern Atlantic 

Ocean. For the precise mapping of seismic heterogeneous structure, an increase in 

number of new permanent broadband seismic stations is required in Africa and a 

development of new techniques appropriate for heterogeneous structure is also encour-

aged. 
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