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                    Abstract
The gravity gradient tensor (GGT) is deduced from products of second-order derivatives of the gravitational potential. A new method based on the invariants of the GGT has been proposed in this research to interpret gravity data due to sphere, infinite horizontal cylinder and semi-infinite vertical cylinder. The method estimates the depth of these simple causative sources from the multiplication of the maximum of the gravity vertical component by the maximum value of the invariants I
                        1 to I
                        2 ratio. To show the reliability and correctness of the estimated depths on 3-D models, the method has been tested using theoretical data with and without random noise. In addition, I have applied the method to a field-data example in Texas, USA and the depth obtained by the present method is compared with those published in the literature.
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Appendices
Appendix A: Analytically Determined Tensor Components, Gradient Tensors and Invariants (I
                           1 and I
                           2) of the Sphere Model
Gravity tensor components G
                           
                    x
                  , G
                           
                    y
                  , and G
                           
                    z
                   are determined taking the first horizontal (along the x and y direction) derivatives and the first vertical derivative of gravity potential (6), respectively;
$$ \left. \begin{gathered} G_{x} = \gamma M{\frac{{r_{x} }}{{r^{3} }}} \hfill \\ G_{y} = \gamma M{\frac{{r_{y} }}{{r^{3} }}} \hfill \\ G_{z} = \gamma M{\frac{{z_{0} }}{{r^{3} }}} \hfill \\ \end{gathered} \right\}. $$

                    (A1)
                


                        In computing the Green’s function for the gravity gradient, it is differentiated twice the potential. Therefore, taking the second derivatives of the potential along x, y, and z directions, six of the nine-second derivatives are given by
$$ \left. \begin{gathered} G_{xx} = \gamma M{\frac{{ - 2r_{x}^{2} + r_{y}^{2} + z_{0}^{2} }}{{r^{5} }}} \hfill \\ G_{xy} = - 3\gamma M{\frac{{r_{x} r_{y} }}{{r^{5} }}} \hfill \\ G_{xz} = - 3\gamma M{\frac{{r_{x} z_{0} }}{{r^{5} }}} \hfill \\ G_{yy} = \gamma M{\frac{{ - 2r_{y}^{2} + r_{x}^{2} + z_{0}^{2} }}{{r^{5} }}} \hfill \\ G_{yz} = - 3\gamma M{\frac{{r_{y} z_{0} }}{{r^{5} }}} \hfill \\ G_{zz} = \gamma M{\frac{{2z_{0}^{2} - r_{x}^{2} - r_{y}^{2} }}{{r^{5} }}} \hfill \\ \end{gathered} \right\}. $$

                    (A2)
                


                        By substituting Eq. A2 into Eqs. 3b and 3c, we simply infer the invariant I
                           1 and I
                           2 of the sphere. It is:
$$ \begin{aligned} I_{1} & = \gamma^{2} {\frac{{M^{2} }}{{r^{10} }}}\left[ {( - 2r_{x}^{2} + r_{y}^{2} + z_{0}^{2} )( - 2r_{y}^{2} + r_{x}^{2} + z_{0}^{2} ) + ( - 2r_{y}^{2} + r_{x}^{2} + z_{0}^{2} )(2z_{0}^{2} - r_{x}^{2} - r_{y}^{2} )} \right. \\ & \quad + \left. {( - 2r_{x}^{2} + r_{y}^{2} + z_{0}^{2} )(2z_{0}^{2} - r_{x}^{2} - r_{y}^{2} ) - 9(r_{x}^{2} r_{y}^{2} + r_{y}^{2} z_{0}^{2} + r_{x}^{2} z_{0}^{2} )} \right] \\ \end{aligned} $$

                    (A3)
                

and
$$ \begin{aligned} I_{2} & = \gamma^{3} {\frac{{M^{3} }}{{r^{15} }}}\left\{ {( - 2r_{x}^{2} + r_{y}^{2} + z_{0}^{2} )( - 2r_{y}^{2} + r_{x}^{2} + z_{0}^{2} )(2z_{0}^{2} - r_{x}^{2} - r_{y}^{2} ) - 54r_{x}^{2} r_{y}^{2} z_{0}^{2} } \right. \\ & \quad \left. { - 9\left[ {r_{y}^{2} z_{0}^{2} ( - 2r_{x}^{2} + r_{y}^{2} + z_{0}^{2} ) + r_{x}^{2} z_{0}^{2} ( - 2r_{y}^{2} + r_{x}^{2} + z_{0}^{2} ) + r_{x}^{2} r_{y}^{2} (2z_{0}^{2} - r_{x}^{2} - r_{y}^{2} )} \right]} \right\}. \\ \end{aligned} $$

                    (A4)
                


                        Appendix B: Analytically Determined Tensor Components, Gradient Tensors and Invariants (I
                           1 and I
                           2) of the Infinite Horizontal Cylinder Model
Gravity tensor components G
                           
                    x
                  , G
                           
                    y
                  , and G
                           
                    z
                   are determined taking the first horizontal (along the x and y directions) derivatives and the first vertical derivative of gravity potential (9), respectively;
$$ \left. \begin{gathered} G_{x} = 2\gamma M{\frac{{r_{x} }}{{r^{2} }}} \hfill \\ G_{y} = 2\gamma M{\frac{{r_{y} }}{{r^{2} }}} \hfill \\ G_{z} = 2\gamma M{\frac{{z_{0} }}{{r^{2} }}} \hfill \\ \end{gathered} \right\}. $$

                    (B1)
                

In computing the Green’s function for the gravity gradient, it is differentiated twice the potential. Therefore, taking the second derivatives of the potential along x, y, and z directions, six of the nine-second derivatives are given by
$$ \left. \begin{gathered} G_{xx} = 2\gamma M{\frac{{r_{y}^{2} + z_{0}^{2} - r_{x}^{2} }}{{r^{4} }}} \hfill \\ G_{xy} = - 4\gamma M{\frac{{r_{x} r_{y} }}{{r^{4} }}} \hfill \\ G_{xz} = - 4\gamma M{\frac{{r_{x} z_{0} }}{{r^{4} }}} \hfill \\ G_{yy} = 2\gamma M{\frac{{r_{x}^{2} + z_{0}^{2} - r_{y}^{2} }}{{r^{4} }}} \hfill \\ G_{yz} = - 4\gamma M{\frac{{r_{y} z_{0} }}{{r^{4} }}} \hfill \\ G_{zz} = 2\gamma M{\frac{{r_{x}^{2} + r_{y}^{2} - z_{0}^{2} }}{{r^{4} }}} \hfill \\ \end{gathered} \right\} $$

                    (B2)
                

By substituting Eq. B2 into Eqs. 3b and 3c, the invariants I
                           1 and I
                           2 of the infinite horizontal cylinder can be written as
$$ \begin{aligned} I_{1} & = 4\gamma^{2} {\frac{{M^{2} }}{{r^{8} }}}\left[ {( - r_{x}^{2} + r_{y}^{2} + z_{0}^{2} )(r_{x}^{2} - r_{y}^{2} + z_{0}^{2} ) + (r_{x}^{2} - r_{y}^{2} + z_{0}^{2} )(r_{x}^{2} + r_{y}^{2} - z_{0}^{2} )} \right. \\ & \quad \left. { + ( - r_{x}^{2} + r_{y}^{2} + z_{0}^{2} )(r_{x}^{2} + r_{y}^{2} - z_{0}^{2} ) - 4(r_{x}^{2} r_{y}^{2} + r_{y}^{2} z_{0}^{2} + r_{x}^{2} z_{0}^{2} )} \right] \\ \end{aligned} $$

                    (B3)
                

and
$$ \begin{aligned} I_{2} & = 8\gamma^{3} {\frac{{M^{3} }}{{r^{12} }}}\left[ {( - r_{x}^{2} + r_{y}^{2} + z_{0}^{2} )(r_{x}^{2} - r_{y}^{2} + z_{0}^{2} )(r_{x}^{2} + r_{y}^{2} - z_{0}^{2} ) - 16r_{x}^{2} r_{y}^{2} z_{0}^{2} - 4r_{y}^{2} z_{0}^{2} ( - r_{x}^{2} + r_{y}^{2} + z_{0}^{2} )} \right. \\ & \quad \left. { - 4r_{x}^{2} z_{0}^{2} (r_{x}^{2} - r_{y}^{2} + z_{0}^{2} ) - 4r_{x}^{2} r_{y}^{2} (r_{x}^{2} + r_{y}^{2} - z_{0}^{2} )} \right] \\ \end{aligned} $$

                    (B4)
                


                        Appendix C: Analytically Determined Tensor Components, Gradient Tensors and Invariants (I
                           1 and I
                           2) of the Semi-infinite Vertical Cylinder Model
Gravity tensor components G
                           
                    x
                  , G
                           
                    y
                  , and G
                           
                    z
                   are determined taking the first horizontal (along the x and y directions) derivatives and the first vertical derivative of gravity potential (15), respectively;
$$ \left. \begin{gathered} G_{x} = \gamma M{\frac{{r_{x} }}{{r(z_{0} + r)}}} \hfill \\ G_{y} = \gamma M{\frac{{r_{y} }}{{r(z_{0} + r)}}} \hfill \\ G_{z} = \gamma M{\frac{{z_{0} + r}}{{r(z_{0} + r)}}} \hfill \\ \end{gathered} \right\}. $$

                    (C1)
                

In computing the Green’s function for the gravity gradient, it is differentiated twice the potential. Therefore, taking the second derivatives of the potential along x, y, and z directions, six of the nine-second derivatives are given by
$$ \left. \begin{aligned} G_{xx} & = \gamma {\frac{M}{r}}\left[ {{\frac{1}{{z_{0} + r}}} - {\frac{{r_{x}^{2} }}{{r^{2} (z_{0} + r)}}} - {\frac{{r_{x}^{2} }}{{r(z_{0} + r)^{2} }}}} \right] \hfill \\ G_{xy} & = - \gamma {\frac{M}{r}}\left[ {{\frac{{r_{x} r_{y} }}{{r^{2} (z_{0} + r)}}} + {\frac{{r_{x} r_{y} }}{{r(z_{0} + r)^{2} }}}} \right] \hfill \\ G_{xz} & = - \gamma {\frac{M}{r}}\left[ {{\frac{{r_{x} z_{0} }}{{r^{2} (z_{0} + r)}}} + {\frac{{r_{x} \left( {1 + {\frac{{z_{0} }}{r}}} \right)}}{{(z_{0} + r)^{2} }}}} \right] \hfill \\ G_{yy}& = \gamma {\frac{M}{r}}\left[ {{\frac{1}{{z_{0} + r}}} - {\frac{{r_{y}^{2} }}{{r^{2} (z_{0} + r)}}} - {\frac{{r_{y}^{2} }}{{r(z_{0} + r)^{2} }}}} \right] \hfill \\ G_{yz}&  = - \gamma {\frac{M}{r}}\left[ {{\frac{{r_{y} z_{0} }}{{r^{2} (z_{0} + r)}}} + {\frac{{r_{y} \left( {1 + {\frac{{z_{0} }}{r}}} \right)}}{{(z_{0} + r)^{2} }}}} \right] \hfill \\ G_{zz} & = \gamma {\frac{M}{r}}\left( {{\frac{{r^{2} - z_{0}^{2} }}{{r^{2} }}} - {\frac{1}{r}}} \right) \hfill \\ \end{aligned} \right\}. $$

                    (C2)
                

By substituting Eq. C2 into Eqs. 3b and 3c, the invariants I
                           1 and I
                           2 of the semi-infinite vertical cylinder can be written as
$$ \begin{aligned} I_{1} & = \gamma^{2} {\frac{{M^{2} }}{{r^{2} }}}\left\{ {\left[ {{\frac{1}{{z_{0} + r}}} - {\frac{{r_{x}^{2} }}{{r^{2} (z_{0} + r)}}} - {\frac{{r_{x}^{2} }}{{r(z_{0} + r)^{2} }}}} \right]} \right.\left[ {{\frac{1}{{z_{0} + r}}} - {\frac{{r_{y}^{2} }}{{r^{2} (z_{0} + r)}}} - {\frac{{r_{y}^{2} }}{{r(z_{0} + r)^{2} }}}} \right] \\ & \quad + \left[ {{\frac{1}{{z_{0} + r}}} - {\frac{{r_{y}^{2} }}{{r^{2} (z_{0} + r)}}} - {\frac{{r_{y}^{2} }}{{r(z_{0} + r)^{2} }}}} \right]\left( {{\frac{{r^{2} - z_{0}^{2} }}{{r^{2} }}} - {\frac{1}{r}}} \right) + \left[ {{\frac{1}{{z_{0} + r}}} - {\frac{{r_{x}^{2} }}{{r^{2} (z_{0} + r)}}} - {\frac{{r_{x}^{2} }}{{r(z_{0} + r)^{2} }}}} \right]\left( {{\frac{{r^{2} - z_{0}^{2} }}{{r^{2} }}} - {\frac{1}{r}}} \right) \\ & \quad \left. { - \left[ {{\frac{{r_{x} r_{y} }}{{r^{2} (z_{0} + r)}}} + {\frac{{r_{x} r_{y} }}{{r(z_{0} + r)^{2} }}}} \right]^{2} - \left[ {{\frac{{r_{y} z_{0} }}{{r^{2} (z_{0} + r)}}} + {\frac{{r_{y} \left( {1 + {\frac{{z_{0} }}{r}}} \right)}}{{(z_{0} + r)^{2} }}}} \right]^{2} - \left[ {{\frac{{r_{x} z_{0} }}{{r^{2} (z_{0} + r)}}} + {\frac{{r_{x} \left( {1 + {\frac{{z_{0} }}{r}}} \right)}}{{(z_{0} + r)^{2} }}}} \right]^{2} } \right\}, \\ \end{aligned} $$

                    (C3)
                

and
$$ \begin{aligned} I_{2} & = \gamma^{3} {\frac{{M^{3} }}{{r^{3} }}}\left\{ {\left[ {{\frac{1}{{z_{0} + r}}} - {\frac{{r_{x}^{2} }}{{r^{2} (z_{0} + r)}}} - {\frac{{r_{x}^{2} }}{{r(z_{0} + r)^{2} }}}} \right]} \right.\left[ {{\frac{1}{{z_{0} + r}}} - {\frac{{r_{y}^{2} }}{{r^{2} (z_{0} + r)}}} - {\frac{{r_{y}^{2} }}{{r(z_{0} + r)^{2} }}}} \right]\left( {{\frac{{r^{2} - z_{0}^{2} }}{{r^{2} }}} - {\frac{1}{r}}} \right) \\ & \quad + 2\left[ {{\frac{{r_{x} r_{y} }}{{r^{2} (z_{0} + r)}}} + {\frac{{r_{x} r_{y} }}{{r(z_{0} + r)^{2} }}}} \right]\left[ {{\frac{{r_{y} z_{0} }}{{r^{2} (z_{0} + r)}}} + {\frac{{r_{y} \left( {1 + {\frac{{z_{0} }}{r}}} \right)}}{{(z_{0} + r)^{2} }}}} \right]\left[ {{\frac{{r_{x} z_{0} }}{{r^{2} (z_{0} + r)}}} + {\frac{{r_{x} \left( {1 + {\frac{{z_{0} }}{r}}} \right)}}{{(z_{0} + r)^{2} }}}} \right] \\ & \quad - \left[ {{\frac{{r_{y} z_{0} }}{{r^{2} (z_{0} + r)}}} + {\frac{{r_{y} \left( {1 + {\frac{{z_{0} }}{r}}} \right)}}{{(z_{0} + r)^{2} }}}} \right]^{2} \left[ {{\frac{1}{{z_{0} + r}}} - {\frac{{r_{x}^{2} }}{{r^{2} (z_{0} + r)}}} - {\frac{{r_{x}^{2} }}{{r(z_{0} + r)^{2} }}}} \right] - \left[ {{\frac{{r_{x} z_{0} }}{{r^{2} (z_{0} + r)}}} + {\frac{{r_{x} \left( {1 + {\frac{{z_{0} }}{r}}} \right)}}{{(z_{0} + r)}}}} \right]^{2} \left[ {{\frac{1}{{z_{0} + r}}} - {\frac{{r_{y}^{2} }}{{r^{2} (z_{0} + r)}}} - {\frac{{r_{y}^{2} }}{{r(z_{0} + r)^{2} }}}} \right] \\ & \quad - \left. {\left[ {{\frac{{r_{x} r_{y} }}{{r^{2} (z_{0} + r)}}} + {\frac{{r_{x} r_{y} }}{{r(z_{0} + r)^{2} }}}} \right]^{2} \left( {{\frac{{r^{2} - z_{0}^{2} }}{{r^{2} }}} - {\frac{1}{r}}} \right)} \right\}. \\ \end{aligned} $$

                    (C4)
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